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Abstract

This paper investigates the relationship between economic growth and CO2 emissions from 1994 to 2018 using a panel
approach from eight ASEAN countries. We found an established result using the Panel ARDL Pooled Mean Group
method. First, the panel Cointegration analysis shows a significant long-term relationship between GDP and CO2

emissions. Second, the error correction mechanism shows a stable and consistent value. Third, we found that GDP has
a significant long-term effect on CO2 emissions in ASEAN countries. Fourth, our results also show that GDP significantly
impacts CO2 emissions in the short term for four countries: Indonesia, Malaysia, Thailand, and Cambodia. Based on
these empirical results, implications and policy recommendations are presented. ASEAN countries should implement
green growth policies by encouraging economic development which does not suppress the environment.

Keywords: economic growth; gross domestic product; CO2 emission; panel ARDL

JEL classifications: C52; O40; O53; Q50

1. Introduction

Mankiw (2009) argues that economic growth is one
of the many proxies used in macroeconomic re-
search to determine a country’s level of welfare.
Economic growth can indicate income inequality
levels among countries through differences in in-
come levels (Acemoglu 2012) and reveal the com-
munity’s standard of living (Davis & Knauss 2013).
Consequently, economic growth has become an
important marker for gauging a country’s develop-
ment progress. Nevertheless, in recent years, high
economic growth has brought numerous concerns
in many countries. This is because environmental
protection and economic growth must be balanced.
(Todaro & Smith 2015). The trade-off between eco-
nomic growth and the environment occurs because
non-renewable natural resources are essential in-
puts for producing goods and services. If the use of
materials in production activities is not appropriately

∗Corresponding Address: Pertamina University, Jalan Teuku
Nyak Arief, Simprug, Kebayoran Lama, Jakarta 12220, Indone-
sia. Email: feriansyah@universitaspertamina.ac.id.

regulated, it will result in environmental degradation
(Grossman & Krueger 1995).

The trade-off between economic expansion and
the environment has so far been a topic of con-
tinuing discussion in several scholarly works, es-
pecially for countries from the Global South that
still concentrate on their economic growth, such
as in ASEAN (Association of Southeast Asian Na-
tions) (see. Coxhead 2003; Heidari, Katircioğlu &
Saeidpour 2015; Borhan, Ahmed & Hitam 2012).
Although most ASEAN countries experience declin-
ing economic growth empirically, environmental is-
sues have increased significantly. This is evidenced
by carbon dioxide (CO2) emission levels (ASEAN
Secretary 2019; Haseeb et al. 2019). According to
data, the realisation of the fourth industry, innova-
tion development, and technology use support eco-
nomic progress in ASEAN countries (ASEAN Sec-
retary 2019). ASEAN’s predominantly low-income
countries have their eyes on high economic growth.
Hence there has been a growing concern in the
region regarding increasing energy demand which
poses a high risk of increasing carbon dioxide emis-
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sions (International Energy Agency [IEA] 2019), il-
lustrated in Figure 1.

Figure 1. Shares of Selected Global Economic and
Energy Indicators in Southeast Asia
Source: International Energy Agency (2019)

The International Energy Agency confirms that an
increase in economic growth is compatible with an
increase in energy demand in all ASEAN countries
in the 2019 Southeast Asia Energy Outlook report.
However, this also means a rise in carbon emis-
sions between 2010 and 2018 in the countries in
question, showing the significance of taking envi-
ronmental factors—in this case, CO2—into account
as a result of economic activity. This study, there-
fore, intends to evaluate the link between economic
growth (GDP) and CO2 emissions from 1994 to
2018 using a panel approach from eight ASEAN
countries in light of its considerable importance and
relevance.

Numerous academics have been researching the
connection between environmental factors and eco-
nomic growth for some time. However, the sub-
ject of study on this topic is not merely developed
countries but also includes Southeast Asian coun-
tries. By demonstrating a non-linear link between
CO2 emissions and economic growth in Singapore
and Thailand using the ARDL time series method,
Saboori & Sulaiman (2013b) support the use of
the Environmental Kuznets Curve (EKC). There
are no long-term associations between related vari-
ables in the Philippines and Thailand, according
to a different study by Vo, Vo & Le (2019) using
the same methodology, namely the ARDL time se-
ries. However, there are relationships in Indonesia,

Myanmar, and Malaysia. In addition, the EKC phe-
nomenon is found in Myanmar but not in Indonesia
and Malaysia. However, at the same time, there
are other contradictory findings. Using the general-
ized method of moments (GMM) technique, Chen
et al. (2016) demonstrated a negative correlation
between global GDP and carbon emissions or en-
ergy consumption, particularly in emerging coun-
tries. Thus far, the impact of economic growth on
the environment as proxied by CO2 emissions is
still up for debate. This debate creates confusion
and raises crucial questions about the actual nature
of the relationship between those two parameters
in the ASEAN region.

This paper seeks to contribute to these discus-
sions empirically. Using panel ARDL with eight
ASEAN countries (including Indonesia, Philippines,
Singapore, Thailand, Malaysia, Brunei Darussalam,
Vietnam, and Cambodia) as a sample from 1994
to 2018, this paper attempts to establish a relation-
ship between economic growth and CO2 emission.
The main contribution of the present study is three-
fold. First, this study attempts to clarify several con-
fusions that were the results of previous findings.
For example, it was still unclear how to establish a
link between environmental issues and economic
growth, which was the initial puzzle. Second, the
Panel ARDL method becomes relevant compared
to other dynamic panel methods because this panel
ARDL produces a more consistent estimate and
comprehensive results explicitly. Third, studying en-
vironmental factors is crucial because the environ-
ment’s role and existence are closely related to
economic activities.

The use of natural resources in the production pro-
cess is primarily determined by environmental fac-
tors so that directly or indirectly, the role of the envi-
ronment will affect economic growth (Grossman &
Krueger 1995).

In addition to the three issues mentioned above,
environmental aspects in the long term are irre-
versible, which means they cannot be changed,
repaired, or returned to their original state (Prieur
2006). Therefore, investment in environmental pol-
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lution control is a form of investment in maintaining
the natural environment (Fisher & Hanemann 1986).
Based on these facts, this study offers empirical
evidence to evaluate economic expansion’s long-
and short-term impacts on the environment, partic-
ularly CO2 emissions. This study hypothesizes that
there is a positive link between economic growth
as measured by GDP and environmental quality as
measured by CO2 emissions. As a result, environ-
mental quality degradation is expected to continue
along with the acceleration of economic expansion
in its current form. The results of our research sup-
port the hypothesis that long-term economic growth
has a positive relationship with CO2 emissions in
ASEAN countries. In addition, our results also in-
dicate that the effect of GDP on CO2 emissions
has a significant positive value in the short run,
particularly in Indonesia, Malaysia, Thailand, and
Cambodia.

In the next section, we briefly discuss several ex-
isting research on the subject. Subsequently, we
describe our methodology and the sources of our
data. Section IV presents and discusses the empiri-
cal findings. The final part will discuss the conclu-
sion of our study by summarizing the main findings.

2. Literature Review

There is still disagreement regarding how economic
activity and environmental variables interact. Ac-
cording to a large body of literature, economic
growth and CO2 emissions correlate positively. How-
ever, several other studies demonstrate a non-linear
relationship between environmental and economic
growth, demonstrating that economic growth will
gradually lower CO2 after crossing a specific thresh-
old. According to research by Shan et al. (2021),
economic expansion harms the environment, while
fiscal decentralization has a nonlinear impact on
CO2 emissions reduction. These results imply that
improving the region’s economic growth and wisely
harnessing nature resources can improve the envi-
ronment’s quality.

Environmentally harmful economic activities worsen
the state of the economy and welfare while also
wreaking irreparable environmental damage (Prieur
2006). Research in the Middle East and North
Africa (MENA) region supports this finding, demon-
strating that economic activities, including industrial
opening, international trade, energy consumption,
and urbanization, trigger environmental degradation
over the long term (Al-Mulali & Ozturk 2015). Nev-
ertheless, Shaw et al. (2010) found different results
where the effect of income on the environment can
principally bring about environmental improvements.
Higher incomes translate into more significant in-
vestments in research and development (R&D), pro-
viding ways of controlling pollution with more sophis-
ticated technologies. The BRICS (Brazil, Russia,
India, China, and South Africa) study by Wang &
Zhang (2020), which confirms that there is a posi-
tive correlation between increasing R&D expendi-
ture and the decoupling of economic growth from
environmental harm, provides further support for
this finding. Further, lower carbon emissions often
accompany enhanced R&D spending.

However, Yang et al. (2018) offer conflicting find-
ings that demonstrate that while China’s economic
growth does have a significant positive impact on
technological advancement, the latter’s contribution
to reducing industrial smoke and dust emissions is
insignificant. This indicates that the emissions in
China’s prefecture-level cities are above the capac-
ity of existing technology advancements. In addi-
tion to technology, environmental regulation may be
able to limit emissions to some level, but it cannot
decrease the industrialization process’ positive stim-
ulative effect. One method to mitigate carbon diox-
ide emissions is to reduce the usage of fossil fuels.
However, reducing fossil fuel use will ultimately slow
down the economy (Saboori & Sulaiman 2013b).
So, pollution will not disappear along with economic
progress in low-income nations where fossil fuels
fuel it. Furthermore, the use of renewable energy
and carbon dioxide emissions have a negative cor-
relation, according to a recent study by Namahoro
et al. (2021) in East Africa.
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Additionally, there is a strong correlation between re-
newable energy development and economic growth.
This indicates that the adverse effects of energy
growth on the environment and carbon dioxide emis-
sions can be reduced if a nation uses a significant
amount of renewable energy. This is in line with
research by Radmehr, Rastegari & Shayanmehr
(2021) in the European Union, which claims that a
1% increase in renewable energy consumption per
person will result in a 0.05% reduction in carbon
emissions.

ASEAN, as an association for southeast Asian coun-
tries, has several objectives, one of which is accel-
erating the economic growth of its members, mainly
low-income countries. As a result, ASEAN’s eco-
nomic growth rate is the fastest among other eco-
nomic regions in the world, with an average growth
rate of 6.5% for the 2000–2008 period (Saboori
& Sulaiman 2013a). Nevertheless, the high eco-
nomic growth in ASEAN is still supported by the
activity of using high fossil energy consumption in-
puts. Most of ASEAN’s energy consumption—90%
of it—comes from fossil fuels like coal, oil, and gas
(Saboori & Sulaiman 2013a). Assuming that the
population growth rate and GDP development con-
tinue, ASEAN’s energy consumption will rise by an
average of 4.4% through 2030 (Saboori & Sulaiman
2013a).

Heidari, Katircioğlu & Saeidpour (2015) argued that
there is a non-linear link between economic growth,
carbon emissions, and energy consumption using
data from five ASEAN nations (Malaysia, Indonesia,
Philippines, Singapore, and Thailand). According
to their regression analysis, an increase in GDP
per capita can temporarily boost carbon emissions;
however, once it reaches its maximum level, car-
bon emissions start to decline. The ASEAN Secre-
tariat (2019) data showed that ASEAN countries’
average real GDP growth in 2018 was above 5%.
ARDL panels were utilized in earlier research by
Saboori & Sulaiman (2013b) to examine the con-
nection between energy use, economic growth,
and CO2 emissions. However, only five ASEAN na-
tions, namely Indonesia, Malaysia, the Philippines,

Singapore, and Thailand, are the subject of this re-
search. Therefore, further research is required to
determine the extent to which the impact of eco-
nomic growth on CO2 emissions in ASEAN coun-
tries has increased due to the region’s economic
expansion. For analyzing the relationship between
economic growth and CO2 emissions, this study
uses data from eight ASEAN countries between
1994 and 2018 to add to the existing scholarship.
To confirm the immediate and long-term effects of
the factors under investigation, we use the ARDL
panel approach.

3. Method

3.1. Data

Indonesia, Philippines, Singapore, Thailand,
Malaysia, Brunei Darussalam, Vietnam, and
Cambodia are the eight ASEAN nations included
in the study’s empirical research, which spans
the years 1994 to 2018. Unfortunately, a lack of
data limits the scope of this study. Nevertheless, a
sample of eight countries was used in this study
after excluding Lao PDR and Myanmar due to the
sufficiency of the country data. We concentrate
on three factors: trade openness, GDP per capita
(measured in constant 2010 US dollars), and CO2

emissions (measured in metric tons per capita).
The World Development Indicators (WDI) of the
World Bank is the data source of these variables.

Table 1 summarizes the standard descriptive statis-
tics as a whole and the countries in the sample. We
can deduce from the sample that an average CO2

value (metric ton per capita) is 0.005, with a mini-
mum value of 0.0001 found in Cambodia and a max-
imum value of 0.024 found in Brunei Darussalam.
The value of CO2 (metric ton per capita) listed from
above average to average respectively comprises
Brunei Darussalam, Singapore, Philippines, and
Malaysia, while the rest are below the average from
the lowest were Cambodia, Vietnam, Indonesia,
and Thailand respectively.

We can infer from Table 1 that there is a correla-
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Table 1. Descriptive Statistics of the CO2 Metric Ton per Capita and the GDP per Capita

CO2 (metric ton per capita) GDP per capita
Mean Max Min Std. Dev. Mean Max Min Std. Dev.

Full sample 0.0050 0.0240 0.0001 0.005 12142.00 59074.0 321.28 16011.00
By countries:
Indonesia 0.0010 0.0027 0.0010 0.0004 2865.70 4284.6 2071.50 712.02
Philippines 0.0090 0.0013 0.0007 0.0001 2089.20 3190.7 1530.60 494.89
Singapore 0.0100 0.0180 0.0043 0.0032 41845.00 59074.0 28341.00 9841.80
Thailand 0.0030 0.0042 0.0023 0.0005 4544.70 6370.0 3236.30 992.01
Malaysia 0.0060 0.0081 0.0047 0.0011 8478.20 12120.0 5861.70 1831.20
Brunei Darussalam 0.0170 0.0246 0.0119 0.0039 35504.00 37843.0 31436.00 1885.70
Vietnam 0.0010 0.0022 0.0003 0.0005 1131.00 1964.4 541.61 424.97
Cambodia 0.0003 0.0008 0.0001 0.0001 675.87 1202.6 321.28 276.30

tion between GDP per capita and CO2 per capita.
Therefore, it can be implied that countries with the
highest average value of CO2 per capita, such as
Singapore, Brunei Darussalam, and Malaysia, are
the top three countries with the highest GDP per
capita in ASEAN. Meanwhile, countries with low
GDP per capita, such as Cambodia, Vietnam, and
Indonesia, have low average CO2 values despite
the fact it is not the case in the Philippines. Regard-
less, the data is consistent with the basic theory
that a country’s economic activity, as measured by
its GDP per capita, will negatively affect the envi-
ronment, measured by its CO2 per capita.

3.2. Estimation Strategy

We used the Panel-ARDL model method developed
by Pesaran & Smith (1995) and Pesaran, Shin &
Smith (1999) to analyze the effects of economic
activity on CO2 emissions. This approach gains
appeal when compared to other dynamic panel
models, such as IV (Instrument Variable), GMM
(Generalized Method of Moments), and FEM
(Fixed Effect Model) (see Anderson & Hsiao
1982; Arellano 1989; Arrelano & Bover 1995),
since it can generate a more stable average
value of estimate by simulating PMG (Pooled
Mean Group) or MG (Mean Group) and then
testing it. The model used in this research was
adopted from Asongu, El Montasser & Toumi
(2016) and Da Silva, Cerqueira & Ogbe (2018).
We specifically estimate the following model:

∆CO2it = αi +

p−1∑
j=1

βij∆CO2i,t−j +

q−1∑
k=o

δik∆GDPi,t−k +
r−1∑
l=1

ϕit
′∆Xi,t−l + γ1CO2i,t−1 + γ2GDPi,t−1

+γ3
′Xit−1 + εi,t (1)

Where CO2, GDP and Xi are, respectively, the
logarithm of CO2 (metric ton per capita) and the
logarithms of GDP per capita and TO (Trade Open-
ness). ∆ and εi,t are the first difference operators
and a white noise term. Also, αi is an intercept of
a specific country. Meanwhile, subscript i shows
a cross-section that varies from 1 to N, whereas
we use the minimum SIC (Schwarz Information Cri-
terion) approach to select each variable’s optimal
lag.

In this study, we apply the Pedroni (2004) cointegra-
tion test. The Pedroni cointegration test has been

utilized extensively in earlier research since a panel
of unit root tests may not yield the same results.
These findings support the unit root null hypothesis
in various empirical situations. The Pedroni coin-
tegration test’s null and alternate hypotheses are
then established. There will not be a long-term link
between the variables if the null hypothesis of no
cointegration is not proven incorrect. On the other
hand, there is proof of a long-term association
between the variables if the alternative hypothesis
is not disproved. We estimate the long-term
relationship model for equation (1) as follows:
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CO2it = µi +

p−1∑
j=1

ρ1jCO2i,t−j +

q−1∑
k=o

ρ2jGDPi,t−k +

r−1∑
l=1

ρ3j
′∆Xi,t−l + v1i,t (2)

Additionally, the following describes the error cor-
rection model, which is used to take into account
the short-term relationship between variables:

∆CO2it = αi +

p−1∑
j−1

βij∆CO2i,t−j

+

q−1∑
k=o

δik∆GDPi,t−1 +

r−1∑
l=1

ϕit
′∆Xi,t−l

+σECTt−1 + ei,t (3)

Where the residual ei,t is independent and normally
distributed with zero mean and constant variances,
and ECTt−1 is the error correction term defined
from the long-term equilibrium relationship. The pa-
rameter σ shows the speed of adjustment to the
equilibrium level. Where ECTt−1 is the error correc-
tion term derived from the long-term equilibrium re-
lationship, the residual ei,t is independent, normally
distributed, has zero mean, and constant variances.
The parameter displays how quickly the equilibrium
level is reached after adjustment.

4. Results and Analysis

4.1. Unit Root Test

We employ two different sorts of tests to check sta-
tionarity. Im, Pesaran & Shin (2003), also known
as IPS, and Levin, Lin & Chu (2002), also known
as LLC, are the two tests used. The LLC unit root
testing method, which is restricted to the hypoth-
esis, has flaws made up for by the IPS unit root
testing method, especially the homogenous charac-
ter of the autoregressive root under the alternative
hypothesis.

According to Table 2, all data except for TO exhibit
non-stationary conditions at the level utilizing the
LLC approach at a significance level of 10%. Fur-
thermore, the results show that all variables are

stationary for both the LLC and IPS approaches,
with a significance level of 1%, proving that the vari-
ables included in the model are a combination of
I(1) and I(0), matching the criteria in ARDL panel
estimation.

4.2. Cointegration Results

The Pedroni (2001) Cointegration test, which es-
tablished seven statistical tests to evaluate the null
hypothesis that there is no cointegration in a non-
stationary panel, is summarized in Table 3. The
seven statistics allow for panel variation, including
the run’s slope, intercept coefficients, and short-
term dynamics. The seven test statistics are di-
vided into two categories: the panel statistic, which
includes data from several within-dimension non-
parametric (rho and t) and parametric (adf) test
statistics, and the group mean statistic, which av-
erages the test statistic findings for each country.

Because all test statistics are typically distributed to
N, statistical inference is reasonably straightforward
(0.1). Overall, the results demonstrated a cointegra-
tion link between the three variables, in the least,
as evidenced by the group-t statistic at the 10%
level, even though the majority cointegration test
results were not significant. Therefore, we can still
conclude that CO2, GDP, and TO have a long-term
association among eight ASEAN nations.

4.3. ARDL Results Panel

The short- and long-term coefficients affecting CO2

emissions in the ASEAN nations are shown in Ta-
ble 4. We then estimate the link between GDP per
capita and CO2 using two methods, employing the
panel ARDL estimation technique, which allows us
to run many models. In the beginning, we calcu-
late the static panel model using the Pooled Least

Economics and Finance in Indonesia Vol. 68 No. 2, December 2022

6

Economics and Finance in Indonesia, Vol. 68 [2022], No. 2, Art. 4

https://scholarhub.ui.ac.id/efi/vol68/iss2/4
DOI: 10.47291/efi.2022.04



Feriansyah, et al./Economic Growth and CO2 Emission in ASEAN: Panel-ARDL Approach108

Table 2. The Results of the Variable Stationarity Test At the Level and First Difference

Level First Difference
Intercept Intercept and Trend Intercept Intercept and Trend

CO2 LLC 0.0916 -0.9631 -6.4373*** -5.6243***
IPS 28.082 0.3690 -6.8329*** -6.0122***

GDP LLC 0.8458 -25.636 -6.6784*** -6.2677***
IPS 55.283 -0.5787 -6.5549*** -6.1330***

TO LLC -0.6186 -1.5354* -6.4138*** -5.7109***
IPS 0.1407 -0.9045 -7.3118*** -6.5105***

Notes: The stationarity test in the table uses CO2 data in the form of the logarithm of
metric tons per capita, GDP in the logarithm of GDP per capita and TO in
exports minus imports divided by GDP.

Asterisks, *, **, *** symbolizes statistical significance at the 10%, 5%, and 1%.

Table 3. The Results of the Pedroni Cointegration
Test

Test Stats Panel Probabilities Group Probabilities
V -0.453 0.674 .
Rho 0.234 0.407 1.366* 0.085
T -0.925 0.822 -0.179 0.571
Adf 0.555 0.289 0.902 0.183

Notes: All statistics are distributed N (0,1), under a null of no
cointegration, and diverge to negative infinity (save
for panel v).

Asterisks, *, **, *** symbolizes statistical significance at
the 10%, 5%, and 1%.

Square (PLS), Fixed Effect (FEM), and Random Ef-
fect (REM). Then, using Mean Group (MG), Pooled
Mean Group (PMG), and Dynamic Fixed Effect, we
estimate panel ARDL (DFE).

Using the Hausman test, we decided that PMG
is the best model compared to MG and DFE.
Hausman test results suggest no rejection of the
null hypothesis. This clearly shows that PMG is a
more consistent and efficient as well as a more pre-
cise estimation when compared to MG and DFE.
While the MG estimator permits heterogeneity in
both the short-term and long-term estimators, the
PMG estimator imposes homogeneity in the long
term but not the short term. These techniques are
suitable when the study variables have varying or-
ders of integration. Thus, the short-term effects ap-
pear to vary among the eight ASEAN countries.

As a comparison, we also estimate the coefficients
of GDP per capita against CO2 using a static panel
model. Long-term coefficient in static panel model
indicates overestimate values (OLS = 0.925, FEM
= 0.855, and REM = 0.822) compared to PMG. We

cannot currently determine the short-run associ-
ation between variables in the static panel model.
However, we can use PMG to estimate the short-run
association between variables fully or individually.

According to the results in Table 4, the PMG esti-
mate demonstrates that the GDP per capita in the
long-run model is statistically significant at the 1%
real level. The panel elasticity of GDP per capita
for ASEAN nations is 0.6173, which means that
every 1% rise in GDP per capita would result in a
0.6173% increase in CO2 emissions. These results
are consistent with those obtained through empiri-
cal research by Jalil & Feridun (2011), Shahbaz et
al. (2013), Begum et al. (2015), Salahuddin et al.
(2017), Sapkota & Bastola (2017), Borhan, Ahmed
& Hitam (2018). Their findings demonstrate that
economic activity in ASEAN nations still negatively
impacts the environment, particularly CO2 emis-
sions. In the long-term model, the impact of the
Trade Openness control variable on CO2 emissions
is not statistically significant.

The PMG estimation procedure provides short-term
estimates for each country. Table 5 offers a nega-
tive error correction term coefficient for all coun-
tries except Cambodia. These findings suggest
that the factors in these nations have a long-term
link. The speed of long-term balance adjustment
from fastest to slowest respectively is Malaysia at
-0.4854, Thailand at -0.4661, Brunei Darussalam at
-0.3422, Indonesia at -0.3076, Singapore at -0.1906
and Vietnam at -0.0779. These outcomes resemble
those of Prawoto & Basuki (2020), which prove that
Indonesia has a balance value of 37.25% adjusted
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Table 4. ARDL Long-Run and Short-Run PMG Estimation Panel for the Entire Sample

Dependent variable: CO2

PMG MG DFE PLS FEM REM
Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.

(p-value) (p-value) (p-value) (p-value) (p-value) (p-value)
Long-run estimation for the entire sample
GDP 0.617*** 2.0352 0.882*** 0.925*** 0.885*** 0.882***

(0.000) (0.119) (0.000) (0.000) (0.000) (0.000)
TO 0.0001 -0.009 0.002 -0.001*** 0.0006 0.0003

(0.869) (0.206) (0.242) (0.000) (0.361) (0.561)
Short-run estimation for the entire sample
ECT -0.250*** -0.321*** -0.167***

(0.000) (0.000) (0.000)
∆GDP 0.163 -0.198 0.194

(0.733) (0.776) (0.525)
∆TO -0.0004 0.0001 -0.001**

(0.661) (0.896) (0.046)
cons. -2.729*** -6.006* -2.303*** -13.55*** -13.55*** -13.48***

(0.000) (0.055) (0.000) (0.000) (0.000) (0.000)
N = 8

Hausman 2.80
(0.247)

Notes: This table reports Panel ARDL estimation results.
The dependent variables are noted in bar 1, while the independent variables

are noted in column 1.
The data sample covers eight countries in ASEAN over the period 1994–2018.
Asterisks, *, **, *** symbolizes statistical significance at the 10%, 5%, and 1%

levels.

for one year.

For illustration, Malaysia has a fast pace towards
the long-term, where 48.5 per cent of the adjust-
ment occurs in each period, and the time it takes to
reach long-term equilibrium is around two years.
This conclusion is consistent with Aslam et al.
(2022), which demonstrates that Malaysia expe-
riences speedy adjustment from disequilibrium to
equilibrium each year. Meanwhile, Vietnam has a
slow pace towards the long-term, where 7.7 per
cent of the adjustment occurred in each period, and
the time it took to reach a long-term equilibrium was
around 13 years. Sultana et al. (2021) explain that
the speed of adjustment for ASEAN countries is ap-
proximately 31% or comparable to 3 years, which
validates this finding. This means there is a span
between 7.7% to 48.5% to return to equilibrium.

The short-run coefficient for PMG in each coun-
try shows different results. However, in the short
term, the effect of GDP per capita on CO2 emis-
sions shows significant results for four coun-
tries: Indonesia, Malaysia, Thailand, and Cambo-

dia. These results conclude that for the cases in
Indonesia, Malaysia, Thailand and Cambodia, the
effect of GDP per capita on CO2 emissions has a
significant relationship in the short and long term.
This result is consistent with other research from
Adebayo (2021), Tang & Tan (2016) in Cambodia,
and Kim (2019), which finds a close association be-
tween economic growth and environmental issues
in the majority of low-income nations.

In the short run, the elasticity of GDP per capita
to CO2 emissions from the largest to the smallest,
respectively, is given by Indonesia at 1.085 per cent,
Cambodia at 0.950 per cent, Malaysia at 0.722 per
cent, and Thailand at 0.558 per cent. With a coeffi-
cient of 1.08 per cent for the case of Indonesia, this
study demonstrates a substantial relationship be-
tween the first difference in GDP growth per capita
and the first difference in CO2 emission increase.
This suggests that compared to other ASEAN na-
tions, Indonesia’s economic activity contributes the
most to CO2 emissions in the short term, as mea-
sured by GDP per capita.
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Table 5. Panel ARDL Long-Run And Short-Run PMG Estimation For Each Country

Dependent variable: CO2
Long-run estimation

Coef. Std. Error Z p-value
GDP 0.6173*** 0.0660 9.35 0.000
TO 0.0001 0.0007 0.16 0.869
Hausman 2.80

(0.247)
Short-run estimation for each country

Indonesia Philippines Singapore Thailand Malaysia Brunei Darussalam Vietnam Cambodia
Coef. Coef. Coef. Coef. Coef. Coef. Coef. Coef.

(p-value) (p-value) (p-value) (p-value) (p-value) (p-value) (p-value) (p-value)
ECT -0.3076* -0.1908 -0.1906* -0.4661*** -0.4854*** -0.3422** -0.0779* 0.0588

(0.065) (0.107) (0.090) (0.002) (0.002) (0.016) (0.050) (0.194)
∆GDP 1.0850* 0.3422 -1.911 0.5581** 0.7228** -1.9868 1.5466 0.9506*

(0.064) (0.586) (0.144) (0.015) (0.033) (0.223) (0.183) (0.078)
∆TO -0.0015 0.003** 0.0001 -0.0012* -0.0010 0.0025 0.0025 -0.0065***

(0.475) (0.029) (0.983) (0.052) (0.367) (0.576) (0.576) (0.000)
cons. -3.4973* -2.224 -2.1315* -5.072*** -5.1560*** -3.6283 -3.6283** 0.7587

(0.068) (0.106) (0.092) (0.005) (0.003) (0.017) (0.017) (0.174)
N = 8
Obs. = 192
Log likelihood = 238.59

Notes: This table reports Panel ARDL estimation results.
The dependent variables are noted in bar 1, while the independent variables are noted in column 1.
The data sample covers eight countries in ASEAN over the period 1994–2018.
Asterisks, *, **, *** symbolizes statistical significance at the 10%, 5%, and 1% levels.

5. Conclusion

This paper proposes and attempts to examine the
impact of economic activity, as measured by GDP
per person in ASEAN nations, on CO2 emissions.
Our paper further evaluates a vital question related
to environmental issues in the ASEAN region, espe-
cially in specific countries, whether economic activi-
ties still produce high carbon emissions. Compara-
tively, Shaari, Abdul Karim & Zainol Abidin (2020)
discovered that the effect of GDP on CO2 emis-
sions in the OIC (Organization of Islamic Coopera-
tion) group has an elasticity value of 0.214. Asongu,
El Montasser & Toumi (2016) discovered that the
effect of GDP on CO2 emissions in African coun-
tries has an elasticity value of 0.257; Al-Mulali &
Ozturk (2015) found that the impact of GDP on CO2

emissions in European countries has an average
elasticity value.

Our findings demonstrate that the ASEAN countries’
GDP effects on CO2 emissions have a high elastic-
ity value of 0.6173 per cent. This suggests that a
0.617 per cent increase in CO2 emissions results

from an increase in GDP of one per cent. These
findings imply that CO2 emissions from economic
activity in the ASEAN group of nations are still rela-
tively high when compared to the results of earlier
works by Asongu, El Montasser & Toumi (2016),
Al-Mulali & Ozturk (2015), and Shaari, Abdul Karim
& Zainol Abidin (2020). Additionally, our findings
indicate that in Indonesia, Malaysia, Thailand, and
Cambodia, the impact of GDP on CO2 emissions
is significantly favourable over the short and long
terms. These findings suggest that the effect of
high-emission economic activity is permanent.

With high carbon emissions from economic activ-
ity in ASEAN countries, policymakers in specific
member countries or all ASEAN committees should
agree to implement green growth policies. By en-
suring that natural resources and environmental
services that are essential to welfare continue to be
provided, this strategy aims to support economic
growth. A few things that can be done to prepare
a comprehensive policy framework for green eco-
nomic growth must include: encouraging invest-
ments that improve environmental sustainability,
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raising economic competitiveness, creating a better
quality of life, and preparing for technologies that
can cut costs, boost output, and lessen environmen-
tal impact.
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