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ASEAN-10: The Perspective of EKC Hypothesis
Duc Nha Lea
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Abstract: Environmental issues have been ranked among the most intense debates
over the past decades by governments around the world. Sustainable development
goals have been top priorities in the working agenda of national cabinets and
administrations which questions the chronic trade-off between environment and
economic performance. This paper aims at contributing further insights into the
above-mentioned linkage to the contemporary literature by testing the validity of the
environmental Kuznets curve (EKC) hypothesis. By conducting a panel data analysis
on ASEAN-10 countries’ statistics of carbon dioxide emissions per capita (COEpc), real
gross domestic product per capita (rGDPpc), foreign direct investment inflow (FDIif),
trade openness index (TOI), and urbanisation (URB), the findings have empirically
confirmed the valid causality running from economic growth, international trade and
demographic changes to environmental degradation. Additionally, the existence of
an earlier inverted U-shaped and a later N-shaped EKC has been investigated and
significantly confirmed the cyclical changes of the eco-enviro trade-off. Also, this
paper provides implications for policymakers to consider the cost-benefit issue in
the establishment and implementation of economic and environmental protection
policies.
Keywords: ASEAN-10, carbon emission, economic growth, EKC hypothesis
JEL classification: O13, Q56, Q58

1. Introduction
Along with the rising concern of Sustainable Development Goals (SDGs) increasingly
prioritised in policy objectives of worldwide nations, the environmental issue which
is considered as one of the three pillars of sustainable development has been taken
into serious account by diverse stakeholders and the entire community (Carley &
Christie, 2017; Fulekar, Pathak, & Kale, 2014; Rowledge et al., 2017). Among relevant
areas, climate change and its concomitant global warming are the grand challenges
facing the most vulnerable countries in Africa and Asia, especially the Southeast Asian
region (Allison et al., 2009; Amran, Ooi, Wong, & Hashim, 2016; Ford et al., 2015;
Loo, Billa, & Singh, 2015; Saito, 2013). Of the main causes of those environmentally-
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destructive phenomena, the emission of carbon dioxide (CO 2) has been blamed
for most of the cases (Ghosh, 2010; Gustavsson et al., 2017; IPCC, 2007; Paul &
Bhattacharya, 2004; Pittock, 2005; Skjærseth & Wettestad, 2016; Tang & Tan, 2015).
In the case of ASEAN-10 countries, the emission volume has been increasing over the
past three decades since the 1990s (Figure 1). Among which, Vietnam has observed
an unprecedented economic growth while also generating a large amount of CO2
gas (Al-Mulali, Saboori, & Ozturk, 2015; Tang & Tan, 2015; Zimmer, Jakob, & Steckel,
2015), specifically, the most recent emitted amount of CO2 recorded in 2014 has tripled
that recorded two decades ago in 1993, while this figure in Thailand, Malaysia and
Philippines has nearly doubled since the 1990s, Lao PDR nearly six times, Cambodia
and Myanmar nearly four times.
As can be seen in Figure 1, there is a strong correlation between ASEAN-10
economic growth (measured by GDP per capita US$, rGDPpc) and COEpc (metric tons
per capita) in the observed period. However, it seems that within the ten countries of
ASEAN there have been two separate trends showing the two reverse relationships
between rGDPpc and COEpc. Specifically, Figure 1 indicates similarities among
Indonesia, Cambodia, Lao PDR, Myanmar, Malaysia, Philippines, Thailand and Vietnam
which suggest the positive association between the two indicators. Conversely, the
situations of Singapore and Brunei Darussalam have shown a negative relationship
which seems to suggest the existence of environmental Kuznets curve (EKC) in the
higher stage of development of a country (Kasman & Duman, 2015; Heidari, Katircioğlu,
& Saeidpour, 2015).
In the Vietnamese situation, the call for economic development with low rate
of gas emission has been disseminated by high-profile officials of the Vietnamese
government.1 Carbon dioxide gas has also been officially blamed for most cases of
unsustainable development as stated in the Kyoto Protocol and has been placed first
among six types of greenhouse gases (GHG) of Kyoto basket consisting of carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons
(PFCs), and sulfur hexafluoride (SF6) (Lin, 2010; Lin & Sun, 2010).
Figure 2 indicates the domination of CO2 emission fraction in the Kyoto basket of
Vietnam as it accounted for almost 44.35 percent on average during the period 20032012. The volume of CO2 emission has also seemed to be positively associated with the
GHG emission in most cases of ASEAN-10 countries except for Singapore and Indonesia
(Figure 3).
By using data of ASEAN-10 nations, this paper will test whether the causality
between economic performance indicators and environment-related measurement
exists. In addition, the shape of EKC will be explored and confirmed. Contemporary
literature on EKC has also been consolidated as the country scope of this paper
confirms the generality of the trade-off between environment and economic growth
in economies of ASEAN-10. Various EKC studies have focussed on the context of
developed and high-income countries which creates potential room for that of
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Figure 1. Scatter plots of CO2 emission and economic growth of ASEAN-10 economies, 1990–2014
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Figure 2. CO2 emission per capita and GHG emission per capita of Vietnam, 2003–2012 (metric ton per capita)
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Source: World Development Indicators, World Bank.

Figure 3. Scatter plots of CO2 emission per capita and GHG emission per capita of ASEAN-10 countries, 2003–2012 (metric tons per capita)
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emerging and transitional economies in Asia including ASEAN-10. Furthermore, in
economies of tertiary sector-led structure and high-income population like Singapore
and Brunei Darussalam in ASEAN-10, the negative linkage may exist. As a result,
findings of the paper appear to contribute to the N-shaped EKC argument which
reveals the cyclical nature of the trade-off. Besides, international trade is arguably an
alleviating measure for the deteriorating air quality which is also empirically proven by
the findings of this paper. This would hopefully provide ASEAN-10 governments with
a rationale for deeper integration through the establishment of an ASEAN Economic
Community (AEC). Moreover, supporting the demographic approach to environmental
issues, the paper shows a positive link between population concentration in urban
areas and its environmental consequences. Policy implications are recommended based
on validated causality which orient national policies towards creating service industries
enabling climate, facilitating greater market access, and ensuring sustainable urban
planning activities.
The remainder of this paper is structured as follows. Section 2 provides a review
of relevant literature which has been built on a platform of eco-enviro interactions.
Section 3 includes the proposed research model and measurement to examine those
interactions. Section 4 shows results of the quantitative analysis on the established
panel data using STATA software. Section 5 includes conclusions and recommendations
for the policy-making process especially that of ASEAN-10 countries, and suggests
future research directions.

2. Literature Review
The relationships or more particularly the trade-off between environmental status
measured by COE and indicators of economic performance such as real GDP per
capita (rGDPpc), international trade (TOI), inward foreign direct investment (FDIif) and
urbanisation (URB) have been analysed and confirmed by various studies applied in
diverse global, national, regional or even provincial levels. Carbon emission volume
is the direct and best reflective evidence of national industrialisation achievements
which have contributed greatly to economic growth thus confirming the valid positive
relationship between the two concepts (Asumadu-Sarkodie & Owusu, 2016; Hartwell,
2017; Omri, Nguyen, & Rault, 2014; Xu & Lin, 2017). In the case of emitters achieving
miraculously rapid pace of growth, governments tend to promote and incentivise the
expansion of economic pie while ignoring the deteriorating environment and ecosystem
(Long, Naminse, Du, & Zhuang, 2015; Xu & Lin, 2017). Carbon dioxide gas can be
emitted from various economic activities especially those in industrial manufacturing
sectors which consumed large amounts of fossil fuels, specifically coal and natural gases
(Long et al., 2015; Xu & Lin, 2017).
Inversely, the output has also contributed to the deterioration of environment
especially in the early stages of development of emerging economies and economies
in transition whereby most sectors appear to depend largely on obsolete production
technologies (Lee, Hashim, Ho, Fan, & Klemeš, 2017; Yang & Li, 2017) and foreign direct
investors seeking natural resources and cost efficiency may target these economies
as an external engine for economic growth (Abbes, Mostéfa, Seghir, & Zakarya, 2015;
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Adams, 2009; Boateng, Hua, Nisar, & Wu, 2015). However, at later stages when
technology advancements have been achieved as a result of economic growth and
more demanding stakeholders with improved real income has raised their voices for
the need of a healthy living environment (Lee et al., 2017; Yang & Li, 2017), renewable
energy production technologies, which consume solar and biomass energy, electricity
and wind power instead of fossil fuels, would replace unclean ones thus mitigating the
environmental degradation (Hosseini & Wahid, 2016).
The above-mentioned two-way interconnectedness which is called bi-directionality
has been a hot issue attracting most scholar concerns and has been tested frequently
and widely in worldwide geographic regions (Begum, Sohag, Abdullah, & Jaafar, 2015;
Dogan & Aslan, 2017; Dogan & Turkekul, 2016; El Montasser, Ajmi, & Nguyen, 2018;
Long et al., 2015; Omri, Nguyen, & Rault, 2014; Salahuddin, Gow, & Ozturk, 2015;
Tang & Tan, 2015). To consider the trade-off between environmental degradation and
economic growth, previous research has tested the EKC hypothesis with the traditional
inverted U-shaped in various countries and regions (Bakirtas & Cetin, 2017; Begum et
al., 2015; Danish, Zhang, Wang, & Wang, 2017; Dogan & Turkekul, 2016; Pata, 2018;
Tang & Tan, 2015), thus suggesting policy implications for nations in pursuit of SDGs.
Nevertheless, separate and comprehensive attention to the presence of EKC in ASEAN
countries have not been paid adequately enough as this region is an emerging vibrant
pole in the multipolar world arena (Al-Mulali, Saboori, & Ozturk, 2015; Al-Mulali,
Choong, Low, & Mohammed, 2015; Borhan, Ahmed, & Hitam, 2012; Chandran & Tang,
2013; Katircioğlu, 2014; Lean & Smyth, 2010; Saboori, Sulaiman, & Mohd, 2012; Saboori
& Sulaiman, 2013; Zhu, Duan, Guo, & Yu, 2016).
To include external variables which may affect the central causality, it has been
argued that other economic performance indicators should be added to the research
model. Firstly, the positive relationship between environmental performance (carbon
emission and its major antecedent – energy consumption) and investment has been
statistically confirmed by most recent research (Alshehry & Belloumi, 2015; Azam,
Khan, Bakhtyar, & Emirullah 2015; Lau, Choong, & Eng, 2014; Omri, Nguyen, & Rault
2014; Pao & Tsai, 2011; Tang & Tan, 2015; Zaman, Shahbaz, Loganathan, & Raza,
2016). In these studies, scholars have posited that inward FDI may be a solution to
the lack of capital for economic development as the public purse of many developing
countries is not sufficient and domestic savings are weak and restricted. Thus, inward
FDI serves as the engine of economic growth for such countries. Also, the flow of
this external resources may entail the transfer of technologies, management knowhow and innovative processes, and facilitate market competition and subsequent
productivity enhancements which then ultimately spur the economic performance and
carbon emission. From the perspective of theories related to foreign direct investment
and environmental regulations, among deciding motivations of multinationals behind
global strategies, resource-seeking investors may choose developing countries as
attractive destinations for offshoring their production facilities with embedded
backward and high-carbon emission technologies due to the less strict environmental
rules and weaker enforcement which is known as pollution haven hypothesis (PHH)
(Millimet & Roy, 2016; Shahbaz, Nasreen, Abbas, & Anis, 2015; Zaman & Abd-el
Moemen, 2017).
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Secondly, international trade can accelerate or hamper the pace of carbon emission
as it influences both domestic production and foreign consumption (Al-Mulali, Ozturk, &
Lean, 2015; Bento & Moutinho, 2016; Ertugrul, Cetin, Seker, & Dogan, 2016; Kanemoto,
Moran, Lenzen, & Geschke, 2014; Lau et al., 2014; Ren, Yuan, Ma, & Chen, 2014).
Also, the concept of carbon emission embodied in trade has also been an increasingly
observed phenomenon (Böhringer, Carbone, & Rutherford, 2018; Sakai & Barrett, 2016;
Su & Ang, 2014; Wu, R., Geng, Dong, Fujita, & Tian, 2016; Yunfeng & Laike, 2010).
In line with this logic, Franzen & Mader (2018) have pointed out that, in the case of
carbon-intensive industries, outsourcing and offshoring activities of multinationals from
countries of stricter control over emission to easier ones, which is called carbon leakage,
may occur which means that trade flows could significantly affect air quality. To that end,
international trade is arguably a contributor to carbon dioxide emission. Additionally,
trade openness, which enables simultaneous increases in export and import, may
possibly either improve or worsen environmental degradation (Shahbaz, Tiwari, & Nasir,
2013) due to the three types of trade liberalisation’s impacts on environmental quality,
specifically scale, technique and composition effects (Shahbaz et al., 2013). Each of these
effects performs different associations with carbon emission (Cole & Elliott, 2003; Zhang,
2012). According to Cole and Elliott (2003), the scale effect means free trade regime
enhances both foreign and domestic market access thus expanding the current size of
the economy and creating more industrial manufacturing activities which ultimately
lead to the worsening environmental quality. In terms of the technique effect, when free
trade spurs income and capital accumulation, the production technologies may emit
less carbon dioxide gas as a result of the increased investment in technologies to gain
higher productivity and the rising demand for a healthy living environment of a richer
community of stakeholders. This implies that, ceteris paribus, technique effects will
mitigate the environmental degradation as trade is more open. The composition effect
is related to the national comparative advantage as each country will specialise in, as
a result of free trade, goods which they can produce more efficiently. Various national
characteristics lead to diverse comparative advantages which suggest that specialised
goods will vary among nations thus the different extent of carbon emission. To sum
up, the carbon leakage phenomenon and multi-effect approach have suggested the
incorporation of trade openness into the estimation for this paper.
Last but absolutely not least, the expansion of urban population leads to more
diverse and concentrated production and consumption activities which contributes
significantly to the environmental degradation by emitting a larger amount of CO2 gas
(Al-Mulali, Ozturk, & Lean, 2015; Liddle, 2014; Wang et al., 2016; Wang, Zhang, Kubota,
Zhu, & Lu, 2015; Wu, Y., Shen, Zhang, Skitmore, & Lu, 2016; Zhang, Liu, Zhang, & Tan,
2014; Zhang, Liu, Qin, & Tan, 2017). For example, Wang et al. (2015) have confirmed the
urbanisation-emission EKC hypothesis which means the inverted U-shaped curve of this
relationship in the OECD (Organization for Economic Co-operation and Development)
countries. Danish et al. (2017) and Zhang, Liu, Qin, & Tan (2017) have posited that nonrenewable energy consumption of urban regions with rapid expansion in China and
Pakistan is among the main causes of carbon emission, thus confirming the positive
association between urbanisation and environmental degradation. Similarly, Wu, Shen,
Zhang, Skitmore, & Lu (2016) validated the relationship between urbanisation, energy
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intensity (energy consumption per LCU of GDP), energy carbon emission coefficient
(CO2 emission/energy consumption) and carbon emission in developing countries while
stressing that increasing disparity between rural and urban development also worsens
the situation.

3. Research Model and Measurement
As stated in section 2, a cubic estimation equation has been recommended to validate
the causality between environmental degradation and economic growth:
COEpci,t = β0 + β1rGDPpci,t + β2rGDPpc2i,t + β3rGDPpc3i,t + β4FDIifi,t + β5TOIi,t +
β6URBi,t + ɛi,t
where the subscript i = 1,…,N denotes the country (N = 10 in this study) and t = 1,…,T
denotes the time period, ɛ is the error term, COEpc is the annual carbon emission
volume (metric tons per capita), rGDPpc is the annual real gross domestic product per
capita (thousand US$), FDIif is the annual foreign direct investment inflow (million
US$), TOI is the annual trade openness index (the sum of exports and imports of goods
and services measured as a share of gross domestic product), and URB is the annual
urbanisation rate (the number of people living in urban areas as defined by national
statistical offices as a share of total population). In the above equation, there are six
possible outcomes which reflect the shape of the causal curve as follows:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

β1>0, β2<0, and β3>0 suggests an N-shaped EKC curve;
β1<0, β2>0, and β3<0 suggests an inverted N-shaped EKC curve;
β1<0, β2>0, and β3=0 suggests a U-shaped EKC curve;
β1>0, β2<0, and β3=0 suggests an inverted U-shaped EKC curve;
β1>0, and β2=β3=0 suggests a monotonically increasing linear causality;
β1<0, and β2=β3=0 suggests a monotonically decreasing linear causality.

4. Data Collection and Results Analysis
Panel data regression will be used in this paper as the collected data includes both
time-series and cross-section dimensions (Baltagi, 2008). Panel data has also been
applied in recent studies (Ahsan, Man, & Qureshi, 2016; Alves & Francisco, 2015). All
of the data, collected for the period 1993–2014, has been sourced from World Bank
national accounts of ten ASEAN countries including Brunei Darussalam, Indonesia,
Cambodia, Lao PDR, Myanmar, Malaysia, Philippines, Singapore, Thailand and Vietnam.
The descriptive profile of variables is provided in Table 1.
Table 1. Descriptive statistics of variables
Stats

rGDPpc

COEpc

FDIif

TOI

URB

Mean

9.361666

4.193468

5566.091

126.3081

46.57305

SD

14.28231

5.72305

10750.15

94.15814

24.64008

Note: SD indicates standard deviation.
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Table 2. Correlation matrix of variables
COEpc

rGDPpc

FDIif

TOI

COEpc

1.0000				

rGDPpc

0.8276

1.0000			

FDIif

0.2463

0.5981

1.0000		

TOI

0.4775

0.7163

0.6468

1.0000

URB

0.7740

0.8684

0.5766

0.7639

URB

1.0000

The correlations among proposed variables are first tested to determine whether
the quantitative analysis is statistically worth employing (Table 2). The central
correlation between rGDPpc and COEpc is strongly confirmed as the coefficient is
0.8276, while demographic changes seem to be considerably correlated with both
economic growth and environmental degradation as their correlation coefficients
are 0.8684 and 0.7740 respectively. Also, the correlation between foreign direct
investment and economic growth seems to be relatively significant, specifically at
0.5981 while this may not necessarily be obtained at the expense of the environment
as the FDIif-COEpc correlation is only 0.2463. The impacts of international trade are
also statistically significant whose correlations with rGDPpc and COEpc are 0.7163 and
0.4775 respectively. This may pose a possible concern of multicollinearity as the three
independent variables FDIif, TOI and URB are 0.6468, 0.5766 and 0.7639 respectively
and their variance inflation factor (VIF) figures in the pooled OLS regression are greater
than the lower threshold of 2.0 (Sun et al., 2014), specifically at 5.78, 2.92 and 10.89
respectively. Also, the pooled OLS is considered as not able to take into account for the
heterogeneity of variables in the case of panel data (Galindo & Méndez, 2014). Thus,
the fixed effects model (FEM) and random effects model (REM) will be used to lessen
this phenomenon (Baltagi, 2008). Also, the opposite situations of Brunei Darussalam
and Singapore out of the ten ASEAN countries have challenged the use of pooled OLS
as this regression method ignores the heterogeneity among individuals in the sample
(Baltagi, 2008). Furthermore, the panel data of this research is an unbalanced set
which can be analysed by FEM (Qureshi, Ahsan, & Azid, 2017; Wooldridge, 2015). Also,
as the time dimension is limited to 22 consecutive years and the number of spatial
observations is ten countries, FEM is considered to be appropriate for panel data
analysis of this size (Galindo & Méndez, 2014) while allowing for examining the changes
of y-intercept of regressive graphs which is meaningful for cross-country analyses
(Galindo & Méndez, 2014; Gambacorta, Hofmann, & Peersman, 2014; Wooldridge,
2015). Additionally, the Hausman test is also employed to determine which model, FEM
or REM, is chosen (Baltagi, 2008; Wooldridge, 2015).
The Hausman test in Table 3 indicates that the FE models appear to be more
appropriate for the cubic estimation function. It appears that the two FE estimations
confirm a positive linkage between economic growth and environmental degradation
and the alleviating impact of international trade activities on domestic carbon dioxide
emission. Nevertheless, in the FE estimation with time-fixed effects incorporated,
the shape of the EKC turns out to be linear and the positive relationship between
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Table 3. FEM & REM analysis results
Variables

Fixed Effects Model (FEM)
COEpc

rGDPpc

0.789*
(0.095)
-0.058***
(0.000)
0.0007***
(0.0000)
0.0000
(0.906)
-0.011**
(0.03)
0.084*
(0.054)
YES
NO
25.335***
(0.0000)

rGDPpc2
rGDPpc3
FDIif
TOI
URB
Country FE
Year FE
Constant
Observations
Hausman testa (Prob>Chi2)
R-squared

205
0.000
0.942

Random Effects Model (REM)

COEpc

COEpc

-0.225
1.850***
(0.709)
(0.0000)
-0.029
-0.048***
(0.135)
(0.000)
0.0005**
0.0003***
(0.027)
(0.0000)
-0.0000
-0.0000**
(0.834)
(0.048)
-0.015**
-0.013***
(0.016)
(0.0000)
0.074
-0.065***
(0.102)
(0.0000)
YES		
YES		
36.824***
1.563***
(0.0000)
(0.000)
205
205
0.0000		
0.948
0.908

Notes:		 P-value in parentheses: *** p<0.01, ** p<0.05, and * p<0.1.
a
Hausman test under null hypothesis shows that estimators of FEM and REM are consistent, and if
p-value<0.05, FEM is more favourable than REM.

urbanisation and environmental degradation is not significant. The incorporation of
time-fixed effects into the estimation, on one hand, increases the number of independent variables and decreases the degree of freedom which may consequently weaken
the accuracy of parameters and reduce statistical power. In other words, time-fixed
effects should be absent from the estimation as the period of 1993-2014 would lead
to the incorporation of 20 additional dummy variables into the equation. On the other
hand, from the perspective of policy-making activities, the FE model with more valid
coefficients allows more implications for practitioners. In addition, two distinct trends
of nations in the ASEAN-10 data set as mentioned in Section 1 would be well reflected
and explained by the FE model which validates the N-shaped EKC. The N-shaped EKC
describes the changing nature of the central causality as the economy further grows,
specifically when income gets higher and the economy increasingly applies carbonneutral technologies. Thus, the findings extracted from the FE model without time-fixed
effects are selected for subsequent analysis and policy implications.
As reported in Table 3, there is valid causality running from real gross domestic
product per capita and its squared and cubic variables, trade openness and urbanisation
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to carbon emission, except for inward foreign direct investment. As questioned in
Section 1 when considering the scatter plots of Singapore and Brunei Darussalam in
Figure 1, the results in Table 3 reveal the existence of an early inverted U-shaped and
N-shaped EKC in the long run (Begum et al., 2015; Fodha & Zaghdoud, 2010; Heidari
et al., 2015). However, in the context of this paper, the slight negative relationship
of the two central variables may generate some implications for re-orienting ecosocio policies. Meanwhile, accelerating urbanisation may be the signal of increasing
consumption and large clustering production sites. This means overwhelmingly
accelerated and ill-planned development may be achieved at the expense of the
environment. Interestingly, the findings also explore the negative impact of trade
openness on carbon emission which could be found in other previous academic work
(Ali, Law, & Zannah, 2016; Al-Mulali, Ozturk, & Lean, 2015; Shahbaz, Sbia, Hamdi,
& Ozturk, 2014) and confirm the existence of the carbon emission embodied in
trade phenomenon in ASEAN-10 (Böhringer et al., 2018; Sakai & Barrett, 2016; Su &
Ang, 2014; Wu, Geng, Dong, Fujita, & Tian, 2016; Yunfeng & Laike, 2010) or carbon
leakage (Franzen & Mader, 2018). This implies that policies for greater market access
and deeper integration, as discussed by Al-Mulali, Ozturk and Lean (2015), can help
ASEAN-10 authorities proactively hamper the environmental degradation. Before
coming to section 5 of the research, Table 4 provides a summary of valid linkages which
have been significantly confirmed by findings of the FE estimations.
Table 4. Summary of causality

COEpc (without timefixed effects)

rGDPpc

rGDPpc2

(+)

(–)

rGDPpc3

FDIif

(+)		
The explored N-shaped EKC			

COEpc (with time-			
fixed effects)

TOI

URB

(–)

(+)

(+)		(–)

5. Conclusions and Policy Implications
This research has confirmed both positive and negative causality between carbon
emission and economic growth in the case of ASEAN-10 countries, specifically the
inverted U-shaped EKC in the early stages of development and the N-shaped EKC
hypothesis in the long run. Also, the findings support policies towards achieving SDGs
by enhancing environmental control and protection while encouraging economic
activities of low-carbon technologies which limits negative environmental externalities.
ASEAN-10 nations can choose alternative energy which is carbon neutral such as
nuclear energy, photovoltaic energy, wind, water and geothermal energy to mitigate
negative impacts of human economic activities on the environment. In addition, tax
policies imposed on carbon emission should also be considered as this may help
restrict the emission volume. As the coefficient of the cubic variable of real income
appears to be positive, it reveals the cyclical characteristic of the trade-off as a larger
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size of the economy may further deteriorate the environment after just a short time of
improvement. It is also critical that policymakers should calculate accurately the local
maxima and minima of the N-shaped EKC as these values are the turning points which
signal the better and worse prospects of environment consistent with the growth of
the economy. This helps governments to synchronize their economic policies with the
environmental degradation, specifically as can be seen in Figure 4, when real output
has not yet reached the maxima point (0  Y1), stricter emission restraint needs to
be put into effect and a more relaxing one may be considered as advanced production
technologies and expanding international trade has alleviated the negative impacts
(Y1  Y2), and again, the repetition of the positive causality may occur but at higher
levels of carbon emissions (Y2  +∞). The existence of an N-shaped EKC has been
investigated and significantly confirmed which reveals the cyclical changes of the ecoenviro trade-off and a suggested multi-phase approach to related debates as can be
seen in Figure 4.
Additionally, the findings indicate that governments can in one hand accelerate
economic growth while mitigating the environmental degradation and on the other
hand by promoting greater market access and deeper integration through multilateral and bilateral trade agreements. Trade facilitation policies also need to be
further shaped and implemented to diversify and encourage more international
business transactions which ultimately result in increased trade openness and the
concomitant environmental improvement. Finally, the increase of urban population
seems to be a worrisome issue against environmental protection efforts taken by
ASEAN-10 governments. This opens up another concern related to spending more
public expenditure on basic infrastructure to establish new satellite and peripheral
centres for economic development surrounding current large cities in ASEAN-10
countries, which alleviates the pressure of urbanisation on the environment. These
newly-established satellite cities can be magnets for rural migrants, thus eliminating

COEpc

Phase 1

Phase 3

Phase 2
Local maximum

Focal causality EKC
Local minimum

rGDPpc
O

Y1

Y2
Figure 4. The explored N-shaped EKC
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the dense concentration of production and consumption in large cities. Urban
planning should also be well-planned with expanded public consultation before
the implementation. Obtaining and sustaining the balance between environmental
degradation and overwhelmingly accelerated economic growth, accompanied by
flourishing urban infrastructure and facilities, should be taken into account by ASEAN-10
countries. Policies towards encouraging efficient energy consumption of households
and institutions and use of renewable energy in production should go hand in hand
with industrialisation and modernisation strategies to offset the adverse influences of
urbanisation on the environment.
This research uses FEM & REM estimations to test the validity of proposed linkages
which can be more deeply examined by other regression methods to panel data sets
such as Granger causality test which allows exploring the two-way relationships among
variables. Furthermore, the cross-sectional dimension of the data set includes only ten
ASEAN economies which may weaken the generality and applicability of the findings,
thus including more data of Northeast Asian countries is a future prospect as this
allows examining the differences among groups of nations. Also, carbon emission is
only one of many indicators of environmental impacts, thus, future research should
include more related yardsticks such as energy consumption (per capita), GHG emission
(per capita), electricity consumption (per capita), fossil fuels consumption (per capita),
energy intensity (energy consumption per LCU of GDP), energy carbon emission
coefficient (CO2 emissions/energy consumption), etc. to more comprehensively assess
proposed causality between economic performance and environmental impacts,
especially the consumption of non-renewable energy as a stepping stone between
carbon emission and other economic indicators. Additionally, the nexus of urbanisation
and carbon emission also needs to be separately investigated in future research
especially the existence of the urbanisation-carbon emission EKC hypothesis. Similar
concerns should also be imposed on the relationship between trade and carbon
emission as the aggregate impact of three component effects of free trade on the
environment may be either positive or negative depending on individual magnitude.
Further research needs to calculate the specific value of rGDPpc at turning points of
the EKC to help nations better design environmental protection policies in pace with
estimated economic growth.
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