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Abstract — The Environmental Kuznets Curve (EKC) hypothesis is the most notable method for
measuring environmental degradation and its relationship with economic growth. In this research paper,
the researchers examine the validity of the relationship between carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), and fluorinated gases (F-Gas) to Gross Domestic Product, population, renewable
energy consumption, trade openness, and inflation of the ASEAN-5 countries’ data from 1990-2018, using
panel regression tests which are POLS, FE model, and RE model. Results reveal that the independent
variables do not affect CH4 based on the RE model while CO2, N2O, and F-GAS are partially affected
based on the FE model. The EKC is confirmed only for F-GAS, suggesting that a turning point is
established. Other emissions imply that these economies are still in their early stages of development,
hence the non-existence of EKC. Based on the outcomes, recommended actions specifically for the
agricultural and industrial sectors include the following: (1) investing in renewable energy, (2) provision
of subsidies and incentivization, and (3) adopting and modifying emission-related systematic waste
management and recycling to better suit each countries’ economy.

Keywords — Environmental Kuznets Curve, Gross Domestic Product, Renewable energy, Population,
Trade Openness

I. INTRODUCTION

Global warming is the primary consequence of industrialization and other human activities, and
its impact has become drastically noticeable over the past decades. The Paris Agreement (2015) proposed
a collective pursuit of limiting the continuous global increase in temperature to 1.5° Celsius, but the
Intergovernmental Panel on Climate Change (IPCC) Special Report said this limit will be reached by
2040. The effects of climate change on the global economy have been under scrutiny since the 1980s.
Policies and regulations on the green economy were promoted as choices of action during a crisis.

The Environmental Kuznets Curve (EKC) theory analyzes the possible correlation of GDP per
capita and pollution, resulting in an inverted U-shape diagram that assumes environmental deterioration
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will eventually decrease as the economy grows (Ginevicius et al., 2017, as cited in Özcan & Öztürk,
2019). Grossman and Krueger introduced the EKC hypothesis in their works in 1991 and 1995, while the
Kuznets Curve developed by Simon Kuznets (1955) served as the basis. Countless works confirmed and
contributed to the EKC literature, yet some noticed discrepancies in the concept. These involved the
formula being too simple (Kijima et al., 2010, as cited in Anwar et al., 2022); tested only on selected gas
emissions and water quality (Uchiyama, 2016); considered few factors (Dasgupta et al., 2002, as cited in
Anwar et al., 2022); and different results of the same sample and location. Pincheira and Zuniga (2020)
added capital distribution, accounting for financial development, corruption, and tourism as determinants
to answer some arguments raised. Others included more pollutants to be tested, consumption,
urbanization and population (Inglesi-Lotz, 2018, as cited in Özcan & Öztürk, 2019), electricity
consumption (Ahmad et al., 2021), and foreign direct investments (Kaya Kanlı & Küçükefe, 2022).

The Association of Southeast Asian Nations (ASEAN) has shown remarkable growth and
development in its economy over the past few decades. Its ten member countries include Brunei,
Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam —
economies that differ vastly in their stages of development but all share immense growth potential after it
was established in 1967 (Nasir et al., 2019). In 2019, ASEAN had a total GDP of approximately $3.2
trillion, placing it as the 5th largest economy internationally. It was projected to rank as the 4th largest
economy by 2030, according to Lee and Adam (2022) of the World Economic Forum. Despite the
impressive increase in economic growth in these economies, its ecological and environmental
consequences must not be put aside. The region’s demand for primary energy was projected to increase by
2.5 times from 625 MTOE (Million Tonnes of Oil Equivalent) in 2017 to 1,589 MTOE in 2040, according
to the 6th ASEAN Energy Outlook issued by ASEAN Centre for Energy (2020). This continuous increase
in GHG emissions is particularly relevant to the region as ASEAN member states are among those who
will be severely affected by the climate crisis.

As most of the research focused primarily on evaluating economic growth and CO2 emissions, an
analysis of other emissions and variables is yet to be done in the region. However, due to the lack of data
on several member states, the researchers opted to examine the ASEAN-5 states, the founding members
of the economic union, instead. The member states include Indonesia, Malaysia, the Philippines,
Singapore, and Thailand. This research examined the relationship between four leading Greenhouse Gas
Emissions (CO2, N2O, CH4, F-Gas) and multiple factors of growth (GDP, GDP squared, population,
renewable energy consumption, trade openness, and inflation) of the ASEAN-5 countries to create
environmental policies and assessed the validity of the EKC. The researchers utilized panel data analysis
from the years 1990 up to 2018 drawn from the World Bank Database and Climate Watch. Apart from
adding complexity to the formula and broadening the scope of previous studies, the researchers
considered appropriate mitigations and sustainable interventions to protect the environment and economic
welfare.

II. LITERATURE REVIEW

2.1 The Environmental Kuznets Curve

During the 1990s, the focus was on environmental degradation, and attention turned to the EKC
hypothesis. The theory is based on the Kuznets Curve, developed and named after Simon Kuznets in
1955, which observed the linkage between per capita income to inequality in the 1940s (Kuznets, 1955).
Kuznets suggested that inequality increases as per capita income increases during the early stages of
development. It would reach a turning point and decline, believing that income distribution equality will
occur in the long run, thus forming an inverted-U curve.
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One of the most cited publications that grounded the theory and served as the origin was
Grossman and Krueger—the first to measure the relationship among pollution and GDP per capita
(Grossman & Krueger, 1995). His work, 'The environmental impacts of the North American Free Trade
Agreement (NAFTA)' in 1991, tested air pollutants in the urban areas of 42 countries and resulted in an
inverted U-shape (Grossman & Krueger, 1991, as cited in Pincheira & Zuniga, 2020). Their findings
matched the assumption of Kuznets that a decrease will happen after a turning point, stating that
degradation will decrease over time at high-income levels (Grossman & Krueger, 1991, as cited in Yandle
et al., 2004).

The EKC hypothesis analyzes the relationship between GDP per capita and environmental
degradation. Similarly, it assumes that environmental deterioration increases at low-level income, and the
later stage of industrialization brings about a decline in pollution as the economy grows (Ginevicius et al.,
2017, as cited in Özcan & Öztürk, 2019). Several other works confirmed the theory and eventually
evolved to utilize it primarily for analyzing whether the economy is following the path of sustainability,
therefore, assisting in constructing suitable policies.

However, there are inconsistencies and challenges to the existence, parameters, estimations, and
models of the EKC. Some argued that the quadratic formula did not provide sufficient proof (Kijima et
al., 2010, as cited in Anwar et al., 2022), only a few tackled about water quality (Uchiyama, 2016), other
factors that influenced the conditions of the economy were not taken into consideration (Dasgupta et al.,
2002, as cited in Anwar et al., 2022), no established place of turning points (Shahbaz & Sinha, 2019, as
cited in Anwar et al., 2022), contradicting results of the same sample and location in the analysis, and
ambiguous relationships of indicators. In light of these criticisms, recent journals explored new variables,
methods, and estimations to consider in the equation such as capital distribution, corruption, and tourism
(Pincheira & Zuniga, 2020), foreign direct investments, land use, property rights (Kaya Kanlı and
Küçükefe, 2022), energy consumption, urbanization, and population (Inglesi-Lotz, 2018, as cited in
Özcan & Öztürk, 2019), electricity consumption (Ahmad et al., 2021; Rahman, 2020), and international
trade (Jiang et al., 2019).

Even with extensive reviews and investigations accomplished by numerous researchers, the EKC
hypothesis remains inconclusive as studies yielded different results from the same samples and countries.
Hence, the EKC theory is not a general assumption applicable to all (Kaya Kanlı & Küçükefe, 2022).
Diverse methodologies, models, and other variables affecting the economy are significant in analyzing
EKC and creating policies (Inglesi-Lotz, 2018, as cited in Özcan & Öztürk, 2019).

2.2. Greenhouse Gases to Growth Indicators

Many regional studies had differing views on the inverted-U analysis like in the case of Xia et al.
(2022) and Le and Ozturk (2020), which confirmed the EKC hypothesis. In another study, Leal and
Marques (2020) divided the Organization for Economic Cooperation and Development into two
subgroups: High Globalized countries (HGC) and Low Globalized countries (LGC). They found that the
EKC exists only in HGC countries. Meanwhile, Mehmood Mirza et al. (2022) provided results for the
existence of the inverted-U curve in 30 developing countries. In the ASEAN, Buenavista and Palanca-Tan
(2021) utilized income, trade, and FDI on CO2 emissions in their tests. They confirmed the existence of
the inverted-U curve in the region but also found that trade and FDI did not significantly affect CO2
emissions. Correspondingly, Luo et al. (2021) and Farhani et al. (2013) also affirmed the hypothesis about
economic development and overall CO2 emissions among 11 selected Asian countries and 11 Middle East
and North African (MENA) countries, respectively. In contrast, Chandran and Tang (2013) did not reach
the same conclusion in the ASEAN-5 countries, especially Indonesia, Malaysia, and Thailand.
Meanwhile, a study conducted by Yeh and Liao (2017) in Taiwan showed that during the initial stages, an
increase in the population and economic growth led to an increase in its carbon emissions. Taiwan is
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projected to reach the inverted-U turning point by 2025 (Uchiyama, 2016). These findings signified the
responsibility of the developing countries in the environmental deterioration process and how relevant it
was for them to integrate policies and development plan measures to mitigate greenhouse gas emissions.
The results provided evidence for the existence of EKC in developing countries, indicating that energy
efficiency largely contributed to reducing carbon emissions as structural shifts increased carbon emissions
because these economies moved towards sectors that intensively use energy While Liu et al. (2017),
Bekun et al. (2021), and Wang et al. (2022) approved and recommended the use of sustainable energy
resource to reduce CO2 emissions, Leal and Marques (2020) argued that renewable energy consumption
was not an effective tool in extenuating carbon emissions in the less globalized countries in the long run
and that investing in an efficient technology will be more efficient in mitigating CO2 emissions.

There were also empirical evaluations that considered the effects of macroeconomic variables on
nitrous oxide (N2O) emissions. In a study in Germany, N2O was tested against the effects of economic
growth, use of land for agriculture, and exports. Results showed that Germany was already at the
decreasing part of the EKC curve hypothesis (Zambrano-Monserrate & Fernandez, 2017). Additionally,
Bahrain also supported the EKC hypothesis on N2O emissions and economic growth. Moreover, energy
use had a positive effect on N2O, while FDI and financial development had a negative impact on N2O
emissions (Naser & Alaali, 2021). Given the existence of EKC concerning N2O emissions in the sample
countries, Zambrano-Monserrate and Fernandez (2017) suggested that policies must be implemented in
these countries, especially in the agricultural sector that contributed significantly to N2O emissions.
Supporting environmentally friendly sectors by providing subsidies would also help reduce N2O
emissions (Naser & Alaali, 2021).

CO2 and N2O emissions were not the only subjects for environmental degradation variables used
in the research. For instance, a test conducted on the Organization of Islamic Cooperation (OIC) by Ali et
al. (2020) concluded that the inverted-U hypothesis existed in all the OIC countries where CO2, methane
(CH4), and carbon footprint as the environment related variable while N2O had a U-shaped curve in
low-income countries. In the European Union (EU) 12, the higher-income countries in the region also
exhibited inverted U-shaped EKC for N2O and CH4 emissions (Madaleno & Moutinho, 2021). The 22
countries within the Organization for Economic Co-operation and Development (OECD) supported the
EKC hypothesis (Cho et al., 2013). Looking at the EKC in an agricultural context of developing and
advanced economies, the inverted-U hypothesis was found in both groups (Jovanović et al., 2015).
Marques et al. (2018) also verified Australia’s economy on the EKC hypothesis by deviating from the
frequently used independent variables and utilizing GDP, renewable energy, oil consumption, and coal
consumption. Meanwhile, Okon (2021) concluded that the inverted U-shaped relationship was
nonexistent for F-Gas emissions in Nigeria. Nevertheless, he emphasized the need for industrial users to
adopt F-Gas recycling and search for alternatives as they had a high global warming potential. Ali et al.
(2020) recommended that the imposition of pollution charges and fines would help mitigate GHG
emissions.

Studies that covered national policies and assessed their effect on the income-emissions
relationship of the sampled countries were also collected. Apergis and Ozturk (2015) included population
density, land, industry shares, political stability, peace and order, government action effectiveness, quality
of regulation, and corruption index in their analysis of income and CO2 emissions. Apergis and Ozturk
(2015), Bekun et al. (2021), and Le and Ozturk (2020) supported the EKC hypothesis according to their
studies. Ozturk and Al-Mulali (2015) proposed that lower corruption levels and effective governance
would reduce CO2 emissions. However, Akhbari and Nejati (2019) noted that the corruption level had no
significant effect in developed countries, even though a decline in corruption levels in developing
countries led to decreased CO2 emissions. Given how developing countries produce emissions
significantly, Ozturk and Al-Mulali (2015) recommended improved urban planning for cities, especially
in controlling the movement of wastes — industrial and solid wastes. Promoting renewable energy use is
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also vital in reducing each country’s emissions because of their low environmental impact while also
being perpetual such as energy derived from water, wind, and solar energy.

Ecological footprint was also employed instead of the most commonly used CO2 emissions
(Ulucak & Bilgili, 2018; Al-Mulali et al., 2015; Arshad Ansari et al., 2020). The studies of Ulucak and
Bilgili (2018) and Al-Mulali et al. (2015) confirmed the inverted U-shaped diagram, while Arshad Ansari
et al. (2020) ended up with mixed findings on EKC.

2.3. Greenhouse Gases to Other Economic Variables

A study on EKC specifically focused not on macroeconomic variables but the socio-economic
development of G20 countries. Still, it supported the traditional EKC hypothesis between CO2 and Human
Development Index (HDI) and Legatum Prosperity (LPI) (Alotaibi & Alajlan, 2021). Additionally, an
investigation by Kasioumi and Stengos (2020) examined the EKC hypothesis on recycling and real GDP
in the United States of America was characterized by a J-shaped EKC. Thus, as each state gets rich, more
effort into recycling is being put in.

Interestingly, Shehzad et al. (2021) evaluated the EKC hypothesis while focusing on the effect of
the imports and production of Information, Communication, and Technology (ICT) instruments in
Pakistan. This study identified that importing ICT devices harmed the country’s environmental quality as
it generated electronic waste. It also revealed the U-shaped association of economic growth with CO2
emission.

2.4. Other EKC Hypothesis

Based on the previously mentioned evidence, different GHGs were affected differently by
macroeconomic variables, but the inverted-U hypothesis persisted. Nevertheless, some studies argued that
the continued growth of income would deteriorate the environment again (Lorente & Alvarez-Herranz,
2016).

To better understand the theory, a scale effect happens due to the increase in production and
growth of the economy, and little attention is paid to its environmental impact. The second stage, the
compositional and technical effect, happens when a country’s growth is sufficient for policymakers to
shift from industrialization to a more eco-friendly and sustainable approach (Koilo, 2019). The technical
obsolescence effect happens when innovation reaches its peak, and the scale effect becomes outweighed
by the technical effect (Zhang, 2021).

As proof, China is a notable country for its rapid development and is the largest CO2 emitter
worldwide. In a regional study by Liu (2020), CO2 and regional growth have a relationship that confirmed
the inverted U-shaped EKC. Comparing such results to the national level, Zhang (2021) revealed that CO2
emissions and real GDP per capita had an N-shaped relationship. Kang et al. (2016) also found that there
was an inverted-N trajectory in the relationship among economic expansion and CO2 emissions in China.
Aljadani et al. (2021) supported the N-shaped curve in the Kingdom of Saudi Arabia (KSA). Allard et al.
(2017) also supported N-shaped EKC by testing 74 countries, and the theorem was validated by varying
developing countries. Malaysia, for instance, indicated an inverse N-shaped EKC when investigating CO2
emissions, renewable energy utilization, and economic upturn (Bekhet & Othman, 2018).
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2.5. Theoretical Framework

The researchers utilized the EKC theory as the guide in testing the validity of the measurement
used to assess the level of pollution, including the four leading Greenhouse Gases (CO2, N2O, CH4,
F-Gas). The GHGs mentioned will be assessed in the ASEAN-5 region. Grossman and Krueger (1995)
first introduced the hypothesis that an inverted-U curve existed between economic expansion and
environmental deterioration. Niu et al. (2022) provided a general formula for estimating the EKC
hypothesis:

𝑌𝑖𝑡 = 𝛼𝑖 + 𝛽𝑥𝑖𝑡 + 𝛾𝑥2
𝑖𝑡 + 𝑢𝑖t

Where: Yit = per capita emissions

xit = real GDP per capita

uit = random disturbance term

Multiple studies such as Apergis and Ozturk (2015) and Farhani et al. (2013) supported the EKC
theory. However, there were also observations from the likes of Chandran and Tang (2013), Ozturk and
Al-Mulali (2015), and Liu et al. (2017) that disproved the EKC hypothesis in certain situations. Existing
literature found almost always tested on one pollutant only, CO2 or N2O, due to these emissions taking a
large share in contributing to global warming. Therefore, the researchers opted to include all leading
GHGs in the atmosphere in testing against selected macroeconomic variables to compare the results and
see if the EKC would apply to all four situations among the ASEAN-5 countries and assist in
recommending policies to be implemented.

2.6. Research Simulacrum

Figure 2.1. Determining the Relationship of Each Macroeconomic Variables to Carbon Dioxide
Emissions.
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Figure 2.2. Determining the Relationship of Each Macroeconomic Variables to Methane Emissions.

Figure 2.3. Determining the Relationship of Each Macroeconomic Variables to Nitrous Oxide Emissions.

Figure 2.4. Determining the Relationship of Each Macroeconomic Variables to Fluorinated Gas
Emissions
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2.7. Hypothesis

This research’s null hypothesis includes the following:

H1: GDP, SGDP, POP, RNW, TOP, and INF each does not affect ASEAN-5’ CO 2 emissions

H2: GDP, SGDP, POP, RNW, TOP, and INF each does not affect ASEAN-5’ CH 4 emissions

H3: GDP, SGDP, POP, RNW, TOP, and INF each does not affect ASEAN-5’ N 2O emissions

H4: GDP, SGDP, POP, RNW, TOP, and INF each does not affect ASEAN-5’ F-GAS emissions

2.8. Synthesis

Based on the studies gathered, an increase in income per capita ultimately affected CO2 emissions
positively in the short-run. Moreover, a peak was reached, which varied across countries, and continuous
income per capita growth would ease its effects on CO2 emissions. Consequently, urbanization had a
positive relationship with CO2 emissions, while trade openness and renewable energy consumption had
negative relationships with CO2 emissions. In addition, the relationship between economic growth and
N2O varied per study. Some agreed on the existence of the EKC, while others showed a U-shaped EKC.
Moreover, some evidence suggested that FDI had a negative impact on N2O emissions. CH4 and F-Gas
are part of the leading human-caused GHG emissions, hence included in this research.

Previous research observed that GDP was the most commonly used indicator of a country’s
economic performance. Mudgill (2018, as cited in Ahmad et al., 2021) mentioned the rise in inflation in
India during 1991 led the government to make sector improvements with each of them contributing to a
large scale of economic growth and global significance in the later years. As inflation influenced
economic activity, the study utilized Consumer Price Index (CPI) as the variable for inflation. Several
variables from different journals were also present in the analysis, and these were population, renewable
energy consumption, and trade openness (imports and exports).

The recent increase in attention on the effects of national growth on environmental deterioration
is due to the worrying growth in accumulated emissions and its impact on global warming (Kalaitzidakis
et al., 2018). Empirical studies performed on countries and regions of the world were keys to making
policies that would help guide the development planners for long-term economic growth (Buenavista &
Palanca-Tan, 2021). It is clear that a lack of uniformity in the results of the EKC hypothesis exists, and it
is imperative to retest the hypothesis with a different set of variables at hand.

III. METHODOLOGY

This study investigated four GHG emissions, particularly carbon dioxide (CO2) methane (CH4),
nitrous oxide (N2O), and fluorinated gas (F-Gas) emissions as dependent variables. Several works
considered the influence of different macroeconomic variables in examining the EKC hypothesis. Hence,
in this study, GDP, GDP squared, population, renewable energy consumption, trade openness, and
inflation were employed as independent variables. Table 3.1 gives a breakdown of the variables evaluated
in this study.

A quantitative, correlational research design was used to test the balanced data from 1990 to 2018
obtained from the World Bank database and Climate Watch for the ASEAN-5 countries, specifically

389



Greenhouse Gases and Determinants of Growth: An Analysis of the Environmental Kuznets Curve Hypothesis on ASEAN-5 Countries

Indonesia, Malaysia, Philippines, Singapore, and Thailand. Each country’s historical emissions and
macroeconomic variables in 29 years were combined and observed in the study.

Table 3.1 Description of Variables and Data Sources
Variables Description Unit of measurement Data Sources

CO2 Carbon dioxide emissions Metric tons of CO2 equivalent (MtCO2e) Climate Watch

CH4 Methane emissions Metric tons of CO2 equivalent (MtCO2e) Climate Watch

N2O Nitrous oxide emissions Metric tons of CO2 equivalent (MtCO2e) Climate Watch

F-GAS Fluorinated gas emissions Metric tons of CO2 equivalent (MtCO2e) Climate Watch

GDP GDP Constant LCU World Bank

SGDP Square of GDP Square of GDP Own computation

POP Population Total number of residents World Bank

RNW Renewable energy
consumption

% of total final energy consumption World Bank

TOP Trade Openness % of gross import and export to GDP World Bank

INF Inflation Consumer prices (annual %) World Bank

_____________________________________________________________________________________

In agreement with the similar previous study by Buenavista and Palanca-Tan (2021), static panel
data testing was employed, wherein different cross-sections of observations across time were examined.
In the case of this paper, selected macroeconomic variables from ASEAN-5 countries were evaluated,
together with the level of GHG emissions, from 1990 to 2018. The focus of panel data series modeling is
to  evaluate the probability of interdependence among data sets within the same set.

The econometric models used to test the aforementioned variables are as follows:

(1) CO2i,t = ß0 + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(2) CH4i,t = ß0 + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t+ εi,t
(3) N2Oi,t = ß0 + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(4) F-GASi,t = ß0 + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t

To confirm the breakdown of the equations, the subscript i and t refer to the country and year,
respectively.

To prove the EKC hypothesis, the β coefficient of GDP must be greater than zero (β1 > 0), while
the β coefficient of SGDP must be less than zero (β2 < 0). Furthermore, the β coefficient of POP, TOP, and
INF must also be greater than zero (β3, β5, β6 > 0) to validate the hypothesis that these variables positively
correlate with each GHGs to be tested. On the other hand, the β coefficient of RNW must be negatively
correlated or less than zero (β4 < 0) to demonstrate that renewable energy use positively helps the
environment.

Three models on panel analysis were employed to estimate the appropriateness or suitability of
the model to data: (1) Fixed Effect model (FE), (2) Random Effects model (RE), and (3) Pooled Ordinary
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Least Squares model (POLS). The FE model assumed that the dependent variables (in this case, GHGs)
were constant with the independent variables. The effects of the explanatory variables that did not change
over a period of time were not shown in the FE model. The standard equation for the FE model is 𝑦it = 𝛼i +
𝛽1xit’ + ε it.

Following the standard model of the FE equation, we derived the formulas:

(1) CO2i,t = αi + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(2) CH4i,t = αi + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(3) N2Oi,t = αi + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(4) F-GASi,t = αi + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t

However, the RE model assumed that there were variations that existed among the observations
and were not correlated with the independent variables. This model exhibited the variance that existed
over a period of time on the dependent variables. Thus, these differences were significant in explaining
the dependent variables. Swamy and Arora estimator was adapted for variance components or regressors,
and the Hausman test for FE or RE suitability. This model was presented as 𝑦it = 𝛼i + 𝜇it + 𝛽1xit’ + εit.

(1) CO2i,t =  αi + µi,t + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(2) CH4i,t = αi + µi,t + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(3) N2Oi,t = αi + µi,t+ ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t
(4) F-GASi,t = αi + µi,t + ß1GDPi,t + ß2SGDPi,t + ß3POPi,t + ß4RNWi,t + ß5TOPi,t + ß6INFi,t + εi,t

On the other hand, the POLS leaned towards time-series information rather than the
cross-sectional data found in the FE and RE models. Pooled OLS equation was stated as 𝑦= 𝛼 + 𝛽1x’ + ε.

(1) CO2i,t =  α + ß1GDP + ß2SGDP + ß3POP + ß4RNW + ß5TOP + ß6INF + ε
(2) CH4i,t = α + ß1GDP + ß2SGDP + ß3POP + ß4RNW + ß5TOP + ß6INF + ε
(3) N2Oi,t = α + ß1GDP + ß2SGDP + ß3POP + ß4RNW + ß5TOP + ß6INF + ε
(4) F-GASi,t = α + ß1GDP + ß2SGDP + ß3POP + ß4RNW + ß5TOP + ß6INF + ε

Data analysis was performed using the software Eviews 12 Student Lite version. After employing
the models and validity testings, all results were evaluated to provide policy implications and
recommendations. Given how the GHGs affected various sectors in the economy, concentrating on energy
production through burning of fossil fuels and agricultural practices, the researchers tailored
recommendations for the benefit of these sectors. Non-normality and heterogeneity would be evident in a
panel data regression as the time component and cross-sectional data were combined. Aligned with
Buenavista and Palanca-Tan (2021) and Khan and Rana (2021), it is inevitable to produce a non-normal
distribution, cross-sectionally dependent and heteroskedastic results due to the lack of annual data found
for each country and the structure of the data which limited the study. The FE model “fixed” the time
component and invariant characteristics of a variable. The RE model was then utilized to measure the
differences as the time component was assumed to be “fixed”. This approach presented another limitation
to the study. Multicollinearity test was performed using the Gretl software as Eviews 12 Student Lite
version did not have this function.
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IV. RESULT AND DISCUSSION

The researchers tested the EKC theory and the validity of the measurement used to assess the
level of pollution, as represented by the four leading GHG emissions and selected macroeconomic
variables (Table 2) amongst the ASEAN-5 countries (Indonesia, Malaysia, Philippines, Singapore,
Thailand). Eviews 12 Student Lite version was utilized in employing the POLS, FE, and RE models. The
researchers used the Hausman Test to figure out the optimal model that best represents the EKC
hypothesis.

4.1 Descriptive results and Cross-sectional Line Graphs

Table 4.1 Summary Statistics of All Variables

CO2 CH4 N2O F-GAS GDP

Mean 307.2828966 101.9303448 24.80924138 4.373103448 1.15E+15

Standard Error 31.05619964 10.77323501 2.160917219 0.648303611 2.07E+14

Median 168.62 56.13 12.65 2.1 5.36E+12

Mode #N/A 76.76 8.42 0.43 #N/A

Standard
Deviation 373.9661652 129.7269283 26.02088907 7.806609247 2.49E+15

Sample Variance 139850.6927 16829.07592 677.0866682 60.94314794 6.22E+30

Kurtosis 1.96262472 1.151712967 0.762025778 20.51771769 3.587641

Skewness 1.724491951 1.574044663 1.534513193 4.218175833 2.137571

Range 1543.55 567.79 98.14 54.85 1.04E+16

Minimum 28.92 1.28 0.23 0.15 9.75E+10

Maximum 1572.47 569.07 98.37 55 1.04E+16

Sum 44556.02 14779.9 3597.34 634.1 1.66E+17

Count 145 145 145 145 145

SGDP POP RNW TOP INF

Mean 7.48857E+30 80394998.48 21.11231 152.2799208 4.550457671

Standard Error 1.64168E+30 6520686.616 1.419876 9.294227769 0.472267922

Median 2.86799E+25 64069093 22.43 120.5752273 3.488559459

Mode #N/A #N/A 0.58 #N/A #N/A
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Standard
Deviation 1.97685E+31 78519464.61 17.09757 111.9173227 5.686858851

Sample Variance 3.90794E+62 6.16531E+15 292.3269 12525.48712 32.34036359

Kurtosis 10.90504269 -0.019842487 -1.07768 -0.175887993 56.35112969

Skewness 3.267072371 1.109754994 0.265495 1.062832623 6.301160831

Range 1.08698E+32 264623417 58.4027 399.9053731 59.35146944

Minimum 9.50541E+21 3047132 0.194834 37.4213418 -0.900424963

Maximum 1.08698E+32 267670549 58.59753 437.3267149 58.45104447

Sum 1.08584E+33 11657274780 3061.285 22080.58852 659.8163623

Count 145 145 145 145 145

Individual Cross Sectional Line Graphs on each Emissions from 1990-2018

Figure 2.5. Carbon Dioxide Emissions across ASEAN - 5
Countries

Figure 2.6. Methane Emissions across ASEAN - 5
Countries
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Figure 2.7. Nitrous Oxide Emissions across ASEAN - 5
Countries

Figure 2.8. Fluorinated Gas Emissions across ASEAN - 5
Countries

Figure 2.9. Gross Domestic Product across ASEAN - 5
Countries

Figure 2.10. Squared Gross Domestic Product across
ASEAN - 5 Countries

394



Greenhouse Gases and Determinants of Growth: An Analysis of the Environmental Kuznets Curve Hypothesis on ASEAN-5 Countries

Figure 2.11. Population across ASEAN - 5 Countries Figure 2.12. Renewable Energy Consumption across
ASEAN - 5 Countries

Figure 2.13. Trade Openness across ASEAN - 5
Countries

Figure 2.14. Inflation across ASEAN - 5 Countries

Table 4.1 shows the descriptive statistics of the four Greenhouse Gas emissions and
macroeconomic variables utilized in the study. The average CO2 emission of the ASEAN-5 countries
from 1990 to 2018 was 307.28 MtCO2e. Meanwhile, for CH4, N2O, and F-GAS, these countries released
an average of 101.93, 24.81, and 4.373 MtCO2e, respectively. The median results indicated that 50% of
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each of the GHG emissions lied below the following values: 168.62 MtCO2e of CO2, 56.13 MtCO2e of
CH4, 12.65 MtCO2e of N2O, and 2.1 MtCO2e of FGAS.

As for the GDP (constant LCU), the ASEAN-5 countries recorded a mean of 1.15 and 7.49 for
SGDP. Meanwhile, the other determinants of growth—POP, RNW, TOP, and INF—recorded an average
of 80394998.48, 21.11, 152.28, and 4.55, respectively, with its corresponding standard deviations:
78519464.61, 17.09757, 111.9173227, 5.68685885. This result indicated that there was a large variability
in the data of each growth determinant selected in the study.

It was observed in Figure 2.5 that the CO2 emissions released by the ASEAN-5 countries
increased over time, although Indonesia’s carbon emission experienced frequent fluctuations, while
Malaysia encountered a significant decrease from 2010. This could be because of Malaysia’s
announcement in 2009 to committedly reduce 40% of its greenhouse gas emissions by 2020 (Zaid et al.,
2015). Malaysia’s rapid transformation from being an agricultural to an industrialized economy from
1990 to 2005 led to an increase of 235.6% carbon emissions, thus raising concern over the country’s
unsustainable path to development.

In the case of CH4 emissions, Singapore showed a steady increase from 1990 to 2018, while
Malaysia, Philippines, and Thailand displayed a fluctuating upward trend. On the other hand, Indonesia
showed a fluctuating, but downtrend in its emissions. It was reported that there was a significant decrease
in emission from the country’s forest and other land use (FOLU) sectors, mainly from peat fire emissions
(UNFCCC, 2021) thus, could be the reason for its downward trend. Since 85% of the waste in Indonesia
was said to be derived from organic material and aerobic composting did not cause methane emissions, it
could considerably reduce the GHG emissions, particularly of methane (Danielson, 2020). All of the
ASEAN-5 countries displayed an upward trend in terms of N2O and F-GAS emissions.

Regarding the determinants of growth observed in this study, both the short-run and long-run
estimates of the ASEAN-5 countries’ GDP illustrated an upward trend. For renewable energy
consumption, Malaysia, Indonesia, Philippines, and Thailand showed a downtrend, while Singapore
displayed an increase in its RNW over time. Despite the fact that Singapore had limited access to
renewable energy, energy efficiency was one of their core carbon emission mitigation strategies
(UNFCCC, 2018). In terms of trade openness, Indonesia, Malaysia, Philippines, and Singapore
established an inverted U-shaped, fluctuating trend. Thailand, although showing fluctuation, displays an
uptrend in terms of the country’s TOP. It should be noted that Thailand’s value of exports and imports was
equivalent to about 135% of GDP in 2010 (WTO, 2012). The outward-orientation of this country
contributed to the resilience of the economy in adapting to challenges, thus the uptrend. Lastly, the
inflation rate of the ASEAN-5 countries showed constant fluctuations from 1990 to 2018.
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4.2 Panel OLS, FE model, and RE model Results

Dependent Variable: CO2

Sample: 1990 - 2018
Periods included: 29
Cross-sections included: 5
Total Panel (balanced) observations: 145

Table 4.2
Summary of Panel OLS, Fixed Effects, and Random Effects model results

POLS FE RE*
Variable Coefficient Prob. Coefficient Prob. Coefficient Prob.
constant 391.8958 0.0000 681.2422 0.0139 440.4231 0.0426

GDP 2.72E-13 0.0000 1.57E-13 0.0493 4.83E-14 0.4700
SGDP -1.65E-29 0.0000 -6.99E-30 0.2144 9.34E-31 0.8418
POP -4.23E-07 0.5973 -5.28E-06 0.0422 -1.40E-06 0.4427
RNW -4.941419 0.0019 -11.35368 0.0185 -5.399148 0.1209
TOP -0.0913124 0.0000 1.071875 0.0365 0.212026 0.5697
INF 0.853642 0.6780 -0.121845 0.9549 -0.265441 0.8855

Table 4.3
Correlated Random Effects - Hausman Tests Results

Test period random Effects
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Period random 13.710851 6 0.0330
**WARNING: estimated period random effects variance is zero.

Table 4.2 shows the three panel regression runs for the EKC on selected macroeconomic
variables and carbon dioxide emission of the ASEAN-5 countries. POLS showed the hypothesized
relationship that in the short-run, there was a direct significant relationship between GDP and CO2
emissions, while there was a negative relationship between GDP in the long-run (as represented by the
SGDP) and CO2 emissions. Likewise, RNW was also significant and had proven a negative relationship
with the selected emission. TOP was also statistically significant, but with a negative
relationship—opposite of the predicted relationship. The FE model showed that only SGDP and INF were
insignificant. Hence, EKC was not present in ASEAN-5 countries. As GDP continued to increase, so did
the CO2 emissions of the countries tested. RNW echoed the same results from POLS, while as POP was
significant, the resulting relationship was negative. TOP remained significant, and exhibited a positive
relationship. No variables were significant in the RE model. Therefore, after running the Hausman Test
(Table 4.3), the FE model was fit to be the appropriate model used for further discussion.

The hypothesis was partially confirmed on CO2 emissions and variables on determinants of
growth. Evidence suggested that economic growth had an effect on this particular emission in ASEAN-5
countries. However, there was no proof that the EKC existed within these parameters, consistent with the
findings of Chandran and Tang (2013) on the ASEAN-5, as well as findings amongst low to middle
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income countries (Leal & Marques, 2020). These findings stressed that most of the countries tested were
still in their earlier stages of development. Meanwhile, the employment of renewable energy resources did
mitigate CO2 emissions. Liu et al. (2017), Bekun et al. (2021), and Wang et al. (2022) all suggested in
their papers that these alternative energy resources were helpful in lowering CO2 in the country.
Subsequently, as countries opened up in trading more across borders, it also generated more CO2
emission. This was true to developing countries whose CO2 emissions were higher as they produced and
traded more as compared to developed countries (World Trade Organization, 2021). Meanwhile, the
results on the relationship between POP and CO2 emissions defied existing studies (Wang et al., 2022;
Yeh & Liao, 2017). To support this paper’s claim, a study by Oxfam International (2020) found that the
world’s richest top 10% individuals were responsible for more than 52% of the cumulative carbon
emissions while the poorest members of the entire population only accounted for 7% of the emissions.
This suggested that the population increase from the ASEAN-5 countries, who were mostly composed of
low to middle income populations, did not necessarily affect carbon emissions, for these individuals’
general consumption was much more controlled compared to the upper-class minority in the society.
Lastly, INF did not affect carbon emissions in any way even if it influenced economic growth which
contradicted existing studies (Musarat et al., 2021). This may be because there were other measures, such
as investments in projects to stimulate economic performance, that can be better used in measuring effects
related to INF.

Dependent Variable: CH4

Sample: 1990 - 2018
Periods included: 29
Cross-sections included: 5
Total Panel (balanced) observations: 145

Table 4.4
Summary of Panel OLS, Fixed Effects, and Random Effects model results

POLS FE RE*
Variable Coefficient Prob. Coefficient Prob. Coefficient Prob.
constant 23.70475 0.1619 125.7324 0.0863 134.6586 0.0204

GDP 7.96E-14 0.0000 3.09E-15 0.8837 -1.06E-15 0.9527
SGDP -6.81E-30 0.0000 -9.47E-31 0.5272 -8.32E-31 0.5050
POP 5.31E-07 0.0154 -1.46E-07 0.8315 2.61E-09 0.9957
RNW 0.112595 0.7900 -0.559680 0.6593 -1.200306 0.1954
TOP -0.058749 0.2656 0.005717 0.9663 -0.011507 0.9078
INF 0.432747 0.4372 0.535801 0.3523 0.351564 0.4750

Table 4.5
Correlated Random Effects - Hausman Tests Results

Test period random Effects
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Period random 5.257409 6 0.5112
**WARNING: estimated period random effects variance is zero.
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In Table 4.4, the results of the POLS revealed that there was a significant positive correlation
between GDP and CH4 emissions in the short run, while there existed a negative relationship between the
aforementioned variables in the long run. The coefficient of POP also had a positive and significant
relationship with CH4 emissions. Meanwhile, RNW, TOP, and INF were all insignificant; with RNW and
INF showing a positive relationship with CH4 emissions and with TOP exhibiting a negative relationship
with CH4 emissions. The FE model results showed that all of the variables utilized in the study were
insignificant. However, aside from GDP having an indirect relationship with CH4 emissions in the long
run, POP and RNW also showed a negative relationship with the said emission. In comparison, the RE
model yielded the same results as the FE model in terms of significance, but with a negative relationship
between GDP and CH4 emission in the short- and long-run. In this method, the POP and INF showed a
positive relationship with CH4 emissions, while RNW and TOP showed a negative relationship with CH4
emissions. The result of the Hausman test indicated that RE is the more appropriate method for the data
set as the p-value signified the acceptance of the null hypothesis.

In this case, the alternative hypothesis was not accepted on CH4 emissions and macroeconomic
variables. The findings of the RE model showed that there was no direct relationship between GDP and
CH4 emissions, and that there was no inverted U-shaped EKC that exists in ASEAN-5 countries. This was
consistent with the studies of Ari and Senturk (2020) on G7 countries, and Williamson (2017) on 181
countries. According to Jiahui and Wong (2022), several Southeast Asian countries faced similar
challenges in mitigating methane emissions. The UN Environment Programme (2021) identified that
around 60% of the global methane emissions are human-caused, and a large part of it came from
agriculture, fossil fuels, and waste. When it came to agricultural methane, the focus was on livestock. As
the population continues to grow, so is the demand for animal protein; and an increase in consumption
tends to increase the methane emissions. However, given the projected future growth in the demand for
meat, whether or not population continues to grow, its effect on methane emissions would be relatively
small because demographic changes influence the consumption patterns of people (National Science
Foundation, 2010; Sharma et al., 2018). Thus, it varies across different countries and it is not dependent
entirely on how much population increases. In relation to that, one of the suggested actions to reduce
methane emissions is to provide animals with more nutritious feeds (UNEP CCC, 2021), and it was
expected that trade openness gave these countries an opportunity to do so. However, evidence suggested
that trade openness did not significantly impact nutrient use (Dang et al., 2018) which might explain the
results for TOP.

Contrary to what most of the previous studies suggested, RNW in this case did not have a direct
impact on CH4 emissions. There is an ongoing discourse as to whether or not renewable natural gas
(RNG) could be used as an alternative for fossil natural gas. It was mentioned by Grubert (2020) that
RNG was produced from waste methane which could still end up being discharged into the atmosphere.
Although it would be better to use RNG than fossil natural gas, doing so was not enough to respond to the
urgency of climate change. Meanwhile, even though environmental changes influenced inflation, it’s not
exactly the same the other way around. The insignificant effect of inflation to CH4 emissions aligned with
the results found by Majeed et al. (2021). This was because the source of CH4 emissions largely came
from land management activities and human practices, and not on how much the price of goods and
services increase or decrease.
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Dependent Variable: N2O
Sample: 1990 - 2018
Periods included: 29
Cross-sections included: 5
Total Panel (balanced) observations: 145

Table 4.6
Summary of Panel OLS, Fixed Effects, and Random Effects model results for N2O

POLS FE RE*
Variable Coefficient Prob. Coefficient Prob. Coefficient Prob.
constant 9.841442 0.0000 21.72200 0.0000 12.16118 0.0008

GDP 1.18E-14 0.0000 3.57E-15 0.0073 1.93E-15 0.0828
SGDP -6.69E-31 0.0000 5.61E-32 0.5461 7.51E-32 0.3325
POP 1.23E-07 0.0000 -1.75E-08 0.6810 1.32E-07 0.0000
RNW -0.123642 0.0280 0.045641 0.5621 -0.087819 0.1270
TOP -0.006302 0.3649 -0.008506 0.3117 0.005682 0.3573
INF 0.031696 0.6659 0.069967 0.0517 0.060073 0.0504

Table 4.7
Correlated Random Effects - Hausman Tests Results

Test period random Effects
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Period random 85.307959 6 0.0000
**WARNING: estimated period random effects variance is zero.

Only TOP and INF were not significant in Table 4.6 from the results of the POLS model. The
EKC was evident and had a positive and negative correlation in the short-run and long-run, respectively.
POP was significant and had a positive relationship with N2O, while RNW exhibited negative correlation
at significance level. As reflected from the FE model, the EKC did not exist, hence, as GDP—which is
statistically significant—increases, N2O emissions would only increase over time. INF also had a positive
correlation with the selected GHG, consistent with the predicted relationship. The remaining
macroeconomic variables were not statistically significant. The EKC was also not present when the RE
regression was employed. While GDP remained significant and had a positive relationship with the GHG,
there was no relationship between N2O and SGDP. POP had a negative effect on the independent variable
and was significant. The outcome of the Hausman test determined that the FE model was the most
appropriate for the macroeconomic variables and N2O.

The hypothesis was partially confirmed on N2O emissions and macroeconomic variables. The
appropriate panel model, FE, discredited the existence of the inverted-U curve between GDP andN2O
emissions. The economies within the ASEAN-5 countries are still in their early stages of development,
thus, no turning point was established (Och, 2017). INF’s positive relationship with N2O was consistent
with its relationship towards economic growth as general production in the region increased, resulting in
more N2O emissions in the atmosphere. POP, RNW, and TOP did not have any direct relationship with
N2O due to the nature of this emission. Since N2O emissions are primarily generated in the agricultural
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sector of the ASEAN-5 countries (except for Singapore), the increase in POP did not encourage an
increase in crop production. In fact, crop production has slowly been declining in Southeast Asian
countries, in general (Liu et al., 2020). Food production does not also have a direct impact on RNW, and
therefore does not affect N2O. Lastly, TOP had a relatively small effect to be significant to the emission
that’s largely originating from the agriculture sector (Cole & Elliot, 2003 as cited in Van Tran, 2020).

Dependent Variable: F-GAS
Sample: 1990 - 2018
Periods included: 29
Cross-sections included: 5
Total Panel (balanced) observations: 145

Table 4.8
Summary of Panel OLS, Fixed Effects, and Random Effects model results

POLS FE RE*
Variable Coefficient Prob. Coefficient Prob. Coefficient Prob.
constant -0.261835 0.9475 -3.941445 0.7685 -48.35648 0.0000

GDP -7.19E-15 0.0005 9.55E-15 0.0151 -8.91E-15 0.0073
SGDP 3.11E-31 0.0350 -7.61E-31 0.0066 4.32E-31 0.0613
POP 1.92E-07 0.0002 1.66E-07 0.1904 5.32E-07 0.0000
RNW -0.250806 0.0128 0.002725 0.9907 0.522838 0.0025
TOP 0.008873 0.4747 0.111429 0.0000 0.043830 0.0177
INF -0.210224 0.1103 -0.135922 0.2004 -0.165125 0.0696

Table 4.9
Correlated Random Effects - Hausman Tests Results

Test period random Effects
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Period random 105.551543 6 0.0000
**WARNING: estimated period random effects variance is zero.

In Table 4.8, the POLS model revealed that the relationship between GDP and F-GAS emissions
was negatively significant but positive and significant in the short- and long-run, respectively, as opposed
to the concept of EKC. POP exhibited a positive and significant relationship, while RNW showed a
negative and significant relationship—both aligned with their predicted relationships. Meanwhile, only
TOP and INF had insignificant relationships with F-GAS emissions; TOP displayed a positive
relationship while INF was negative. The FE model resulted in GDP, SGP, and TOP as significant and
followed their expected signs. In contrast to the POLS model, GDP and F-GAS had a direct and
significant relationship initially but an inversely significant relationship in the long-run, proving the
existence of EKC. However, the relationships between the said emission and POP, RNW, and INF were
insignificant. The RE model exhibited the same result for GDP in the short run, but SGDP was positive
and insignificant which invalidated the EKC. While POP and TOP were positively significant with
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F-GAS emissions, RNW was significant but did not follow the anticipated relationship. INF remained
negative and insignificant, like in the previous models. For the Hausman test result, the FE model was the
most suitable method for the data set as the null hypothesis was accepted.

H4 was partially confirmed due to varying reasons. The ASEAN-5's economic growth and
F-GAS had a direct relationship in the short-run, but the mentioned GHG emission would eventually
decrease as economies continuously flourish. Contrary to the results yielded by Okon (2021), the findings
suggested that the ASEAN-5 might have reached the turning point wherein an inverse relationship would
be evident in the long-run. The study about the relationship between the Italian geographical location and
F-GAS (specifically benzene and sulfur hexafluoride) supported the EKC validity, while the opposite
occurred to hydrofluorocarbons even though the inverted U-shaped relationship was established (Sica &
Sušnik, 2014). Due to these, the difference in income and developmental stage per region or country were
important determinants for the EKC presence and the effect of the said GHG emission on the economy.
ASEAN-5 countries were the leading producers in the industrial sector, especially in electronics (ASEAN
Secretariat, 2012), proving the positive relationship between TOP and F-GAS, as the TOP and the
industrial sector were closely woven with each other. It also reflected the study on Africa by Twerefou et
al. (2019) regarding the "Direct Trade Effect"; however, it is noteworthy to distinguish that the former is
focused only on consumption. Additionally, free trade in the Asia-Pacific region encouraged more
production and consumption, hence, increasing the impact of climate change. Meanwhile, POP, RNW,
and INF did not have a direct influence on F-GAS. Due to the focus on production and the nature of
ASEAN-5 as developing countries, utilizing renewable energy was not viable because the economies may
not be able to sustain it and cover the equipment costs. Another reason was that manufacturing renewable
energy machines also uses materials that increase the dangerous effects of climate change. Iwata and
Okada (2012) pointed out that the Kyoto Protocol mainly focused on CO2 reduction and less on the other
GHGs, therefore, laws and regulations on F-GAS may not be sufficient in minimizing the detrimental
consequences to the environment. Furthermore, POP had an insignificant relationship because of the
difference in lifestyle and financial capability to afford household appliances or factory machinery.
Likewise, price changes were not vital factors to establish a positive relationship between INF and
F-GAS.

As with Buenavista and Palanca-Tan (2021), this paper acknowledged the existence of
cross-sectional dependence and heteroskedasticity in the data at hand. The limits of the study posed that
FE and RE models exhibit inconsistency when tested with cross sectional dependence and non-normality
(Le & Ozturk, 2020). Moreover, all equations revealed that there was no excessive to moderate
collinearity in the data.

CO2, CH4, N2O, and F-GAS are dominantly present in the agricultural and industrial sectors. The
appropriate model for CO2, N2O, and F-GAS was the FE method, but the RE was most fitting for CH4.
There were mixed results on the EKC existence in the relationship between GHG emissions and
macroeconomic variables. CO2, CH4, and N2O discredited its existence, for ASEAN-5 countries are still
in the early stages of development. Only F-GAS exhibited an inverted-U diagram in economic growth,
but other variables were held insignificant. It is also noteworthy that this emission was considered to be at
the Environmental Improvement stage even though much is still needed in its mitigation. In the case of
POP, the results remained to not affect its relationship with the GHGs due to several underlying factors. It
was inconclusive for RNW as its relationship to CO2 yielded the predicted negative sign, but the other
emissions had no impact because of the debatable nature of using renewable energy. Moreover, the
relationships of TOP with CO2 and F-GAS were consistent with their expected positive signs, indicating
that as the ASEAN-5 countries traded more, there would be a consequent increase in these emissions.
Only the relationship of INF to N2O showed a positive and significant influence on the environment
which puts the risk of further pollution as the economy grows. Based on the various test results, only H2
was confirmed while the others were partially true.
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V.  CONCLUSION

The researchers tested the Environmental Kuznets Curve hypothesis against the level of pollution,
as represented by the four leading Greenhouse Gas released from various industries and economic
expansion for ASEAN-5 countries from 1990 - 2018. Furthermore, other macroeconomic variables,
namely population, renewable energy consumption, trade openness, and inflation, were also tested against
the chosen GHGs to evaluate the relationship between these variables. The data went through three Panel
Regression tests, namely the POLS, FE, and RE model.

The EKC theory presents that in the short-run, environmental degradation and economic growth
have a positive relationship with each other until such time that continued growth of a country would lead
to a decrease of environmental degradation in the long-run (Grossman & Krueger, 1995). In this paper,
environmental degradation was represented by four major GHGs (CO2, CH4, N2O and F-Gas) while
economic growth was represented by GDP. The validity of EKC in the linkage between greenhouse gas
emissions and macroeconomic indicators showed varied results in this research, with only F-GAS as the
only one consistent with the EKC hypothesis as presented by GDP and SGDP.

As for the other macroeconomic variables, due to a number of underlying reasons, the population
of ASEAN-5 countries did not contribute to any of the GHG emissions’ increase. The results for RNW
showed varying results. Its relationship with CO2 remained consistent with the simulacrum, while the
other emissions showed that there was no impact due to the nature of the major contributor industries.
TOP's ties with CO2 and F-GAS levels were in line with the expectations, indicating that emissions will
rise when the ASEAN-5 trades goods or raw materials with other countries. Only the relationship between
INF and N2O has a favorable and large impact on the environment, putting the economy at danger of
greater pollution as it increases. Overall, only H2 was confirmed, while the rest of the hypothesis
statements were only partially accepted.

Based on the results of the study, the researchers would like to recommend the promotion of
environmentally-sound policies amongst ASEAN-5 countries. As for CO2 emissions, strategies should be
focused on transitioning to renewable energy resources such as solar, wind, geothermal, hydroelectric,
ocean, and other forms of bioenergy. Government incentives could also be implemented to encourage
their citizens and corporations to make use of various low-carbon technologies. For CH4 reduction,
reformation and innovation in the agricultural and waste sector is a must. The government and other
relevant industries should help farmers in providing them with feed additives that would provide more
nutritious and healthier livestock with less resources all while reducing the animals’ methane production.
Other mitigation practices that should be used more include capturing and burning methane gas from
landfills. Reducing fuel consumption would greatly reduce N2O emissions, for N2O is a byproduct of fuel
combustion. Government incentives for citizens to buy electric vehicles or plug-in hybrid models are one
way to promote the use of cars with little to no exhaust pollutants. Moreover, N2O is also an emission
coming from the agricultural industry, hence, government policies and subsidies to help farmers use less
nitrogen-based fertilizers. There are tools to test the soil and plants, and visual signs to know how to
manage nitrogen consumption on crops, and minimizing excess use. More research and innovation should
be done for a more effective way to mitigate nitrous oxide emissions in the agricultural sector. Lastly,
fluorinated gases are often found as by-products, reactants, and leaks throughout various industrial
processes and even from some home appliances, such as refrigerators. Governments and other concerned
industries could begin by adopting F-GAS capturing and recycling. Furthermore, they can promote the
research and development of alternatives that are less harmful to the environment.

Moving forward, the various economic sectors and the government should invest more in
building a greener future for everyone in the ASEAN-5 region. In general, investments on useful
instruments and methods for authorities to help with monitoring the effects of environmental degradation
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to optimize, control, and even forecast economic performances to stabilize the GHG emissions to a more
sustainable level. Economic stability and achieving sustainable development goals shouldn’t be seen as
two separate entities that restrict each other. In fact, the government should develop and support goals and
policies that are interdependent with both economic growth and climate action.
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