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Abstract
This paper investigated Malaysia’s energy-growth nexus and environmental Kuznets curve (EKC)
hypothesis over the period 1971-2014 by taking the globalization variables of trade openness and
foreign direct investment (FDI) and the structural break dummy of the Asian financial crisis of
1997 into estimation. To give interference, the Granger causality tests were implemented in the
framework of two cointegration techniques: vector error correction model (VECM) and
autoregressive distributed lag (ARDL). As per Malaysia’s energy-growth nexus, referring to
different results of the two approaches, we concluded that the presence of the energy-growth
nexus was statistically confirmed, but it has not been fully established yet in the country. On the
other hand, both the VECM and ARDL results provided the same conclusion for Malaysia’s EKC
hypothesis, that is, in the initial stage, as the higher economic growth, the less CO2 emissions,
but after a threshold, the higher economic growth, the more CO2 emissions.
Keywords: Energy-growth nexus; Environmental Kuznets curve (EKC); Globalization;
Structural break; VECM; ARDL; Granger causality; Malaysia
1. Introduction
Energy is very important for economic development which has been typically enabled by fossil
fuel-based energy consumption. In the literature, the energy-growth nexus―the relationship
between energy consumption and economic growth―is a field attracting major research attention.
Studying the energy-growth nexus can provide the significant information to policy-makers who
consider energy conservation measures (Menegaki, 2019) because the implementation of energy
conservation policies may severely affect economic performance and retard economic
development (Ang, 2008). Since the late 1970s, many empirical studies on the energy-growth
nexus have been conducted, but the debate on the energy-growth nexus is so far inconclusive.
Meanwhile, as energy consumption is very relevant to rapid exhaustion of natural resources and
environmental pollution, the pattern of world energy consumption is becoming unsustainable. In
particular, the demand for energy in emerging countries has risen due to their increasing income.
In order to fulfil the growing demand for energy, emerging countries need more production,
which leads to more energy consumption. As a result, global warming has been one of the
biggest challenges to human being, and it is evident that the main source of this warming is CO2
emissions. As inferred from the fact that the United Nation's sustainable development goals
(SDGs) and the Paris Agreement have been the hottest topics, the relationship between
environmental sustainability and economic growth is an important issue in terms of policy and
academia. In this regards, the environmental Kuznets curve (EKC) hypothesis, which postulates
an inverted-U-shaped relationship between environmental pollutants and economic growth, has
been hotly discussed in the literature (see Grossman and Krueger, 1991).
The energy-growth nexus and EKC do not necessarily depend on economic growth, energy and
CO2 emissions only; other variables also must be very influential for them. For example, as the
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effects of international trade (exports + imports) and foreign direct investment (FDI) on
economic growth have been emphasized, their environmental impacts have been also recognized.
It is pointed out that cross-border movement of resources―brought about by the increasing
extent of globalization―must exhibit a significant impact on the economic growth as well as on
CO2 emissions pattern worldwide via the energy consumption channel (Shahbaz et al., 2021).
Hence we assume that there is a substantial relationship between globalization and
environmental sustainability; policymakers cannot target the sustainable growth in future if they
are not able to identify the linkages between the key economic variables (Arif et al., 2020).
The objective of the present paper is to empirically investigate Malaysia’s energy-growth nexus
and EKC hypothesis over the period 1971-2014 taking the globalization variables of trade
openness and foreign direct investment (hereafter FDI), together with a structural break dummy
of the Asian financial crisis of 1997 into estimation. Malaysia is an interesting case for this
research topic as it is known as a fast growing country but also is an energy-dependent country
consuming a large amount of natural resources and experiencing a high pace of globalization.
The present paper’s contribution to the literature is elucidated as follows. There are several
empirical studies examining Malaysia’s energy-growth nexus and EKC (e.g., Ang, 2008; Lean
and Smyth, 2010; Islam et al., 2013; Bekhet et al., 2013; Etokakpan et al., 2020), but we do not
see an in-depth analysis which extensively addresses the two topics simultaneously employing
latest data series. To provide clear policy implications for Malaysia's sustainable development,
we attempt to fulfil this vacant area by using two cointegration techniques of autoregressive
distributed lag (ARDL) and vector error correction model (VECM).
In the rest of the paper, the relevant literature is reviewed in Section 2.The basic models and data
are given in Section 3. Methodology is explained in Section 4. Empirical findings are presented
and discussed in Section 5. Finally, we present conclusions and policy implications in Section 6.
2. Literature Review
2.1 Energy-Growth Nexus
As initiated by the seminal work of Kraft and Kraft (1978) who investigated the United States’
case, the relationship between energy consumption and economic growth has been extensively
studied in the literature. As the “energy-growth nexus” economics is a field that attracts major
research attention, we can see several empirical studies on the energy-growth nexus, which focus
on different countries, time periods and proxy variables, using different econometric
methodologies. However, the energy-growth nexus outcomes are shown to be generally
inconclusive (Ahmad et al., 2020). As the reasons, we assume that different countries have
different endowments, histories, political and economic structures, development goals,
institutions, cultures, energy policies, and others.
There are four different hypotheses on the energy-growth nexus, which are growth, conversation,
feedback and neutrality (Ha & Ngoc, 2020). First, the uni-directional causality running from
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energy consumption to economic growth. It is known as the ‘‘growth hypothesis”. According to
this, energy is a limiting factor to economic growth, so that shocks to energy supply will have a
negative impact on economic growth (Ozturk, 2010). Second, the conservation hypothesis
mentions that economic growth encourages the demand for energy consumption, i.e.,
uni-directional causality running from economic growth to energy consumption. Thus, energy
consumption depends on the stage of economic growth (Islam et al., 2013). Third, the feedback
hypothesis suggests a two-way causality between energy consumption and economic growth
(Nazlioglu et al., 2014); these two impact one another. Forth, the neutrality hypothesis refers to
no causality between energy consumption and economic growth, that is, energy consumption and
economic growth are neutral with respect to each other (Ozturk, 2010; Nazlioglu et al., 2014).
An energy dependent economy can be represented by either the first or second or third
hypothesis whose causal direction is positive. It implies that higher economic growth can be
achieved by increasing energy consumption, or the former unsustainably increases the latter, or
economic growth and energy consumption increase each other. Such a pattern of economic
development is unsustainable, typically depending on the extensive use of non-renewable energy
resources and causing the cumulative amount of environmental pollutants. (Note1) On the other
hand, a more sustainable economy is associated with either the first or second or third hypothesis
whose causal direction is negative, or the fourth hypothesis. In such a scenario, the government
is expected to design energy and environmental conservation policies which can reduce the
release of various environmental pollutants and ameliorate high dependency on fossil fuels, not
adversely affecting economic performance (Sugiawan & Managi, 2019).
2.2 Sustainability
While the debate on the energy-growth nexus is heating up, rapid exhaustion of natural resources
and environmental pollution have been observed worldwide. In particular, global warming and
climate change are considered as severe crises that require all nations to manage the level of
energy consumption for reducing continuous and persistent pressure on the environment thus for
achieving sustainable economic growth. Non-renewable energy sources―such fossil fuels as
crude oil, coal, and natural gas―are known to emit a large amount of CO2 which is the main
cause of global warming and climate change. While CO2 emissions have increased due to
mounting energy consumption, there is an argument that the decline in CO2 emissions can be
attributed to the fall in the energy consumption (Shahbaz et al., 2021). However, such a measure
explicitly also has a negative impact on economic growth. Taking the nature of a long term
relationship between economic growth, energy consumption and CO2 emissions into
consideration, different countries may choose different strategies to fight against global warming
and climate change.
In this context, the importance of energy and its sustainability is emphasized in United Nation's
sustainable development goals (SDGs) that were adopted in 2015, as the most comprehensive
global effort towards sustainable development (United Nations, 2021). There are seventeen
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SDGs which aim at reconciling economic and social goals with ecological ones. The SDGs are
applied to all countries from the Global South to the Global North, covering economic and social
goals as well as ecological sustainability challenges (Eisenmenger et al., 2020). In connection
with the energy-growth nexus, such a pattern of economic growth, which targets to achieve the
objectives of SDG 8 (decent work and economic growth) only, has been speculated to be
unsustainable in nature (United Nations, 2019). On the other hand, the environmental and
health-related hazards caused by fossil fuels have raised concern and discourse among nations
(Etokakpan et al., 2020). Thus, high reliance on non-renewable energy requests nations to take
concreate actions to attain the objectives of SDG 12 (responsible consumption and production)
and SDG 13 (climate action).
2.3 Environmental Kuznets Curve (EKC) Hypothesis
As the solution to sustainable development, the Environmental Kuznets Curve (EKC) hypothesis
was suggested in the literature. The EKC hypothesis is centered on an inverted-U interconnection
between the level of CO2 emissions and the country's income (Adebayo and Akinsola, 2021),
that is, initially, environmental pollution increases up to a certain level as income goes up, but
after that level, it begins to decrease. (Note 2) Thus, we can detect a threshold at which the
increasing trend in environmental degradation will be reversed; environmental quality
deteriorates in the early stage of economic development but improves in the later stage as an
economy develops. It is also described as environmental pressure increases faster than income in
the early stage and slows down relative to GDP growth in higher income levels. (Note 3)
While the EKC debate has extended to whether economic growth would be the cause of
environmental deterioration as well as the means to eventual environmental improvement, the
interaction between economic growth, energy consumptions and CO2 emissions has been an
active research area (Odugbesan and Rjoub, 2020). Several economists (e.g., Grossman and
Krueger, 1991; Dinda, 2004; Stern, 2004) argued that an effective solution to environmental
problems is economic growth; it is a significant condition that only when income grows, the
effective environmental policies can be implemented (Dinda, 2004). Essentially, economic
development is associated with energy consumption because higher growth is expected when
more energy is consumed. Meanwhile, it is also equally likely that more efficient use of energy
leading to a reduction in energy consumption needs a higher level of economic development.
And as there is continuous and persistent demand for more energy sources putting pressure on
the environment, better economic performance may be a catalyst for energy efficiency (Ang,
2008).
While there is a heated debate among economists, policymakers and researchers who design and
formulate energy strategies, the primary motivation to conduct empirical studies on this issue is
to find out evidence of the linkage between economic growth and environmental degradation.
However, the empirical validity of the EKC hypothesis has been inconclusive for both
developing and developed countries as empirical analysis is very sensitive to different countries,
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variables and time spans. (Note 4) So far, we do not see any single policy recommendation
applicable for all countries to reduce pollution levels with rising economic growth.
3. Empirical Strategy and Data
We explain the empirical strategy to investigate Malaysia’s energy-growth nexus and EKC
hypothesis by referring to the following six-variable equations:
𝐸𝐸𝐸𝐸𝑡𝑡 = 𝑓𝑓1 �𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 , 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 , 𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡, 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 �

(1)

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 = 𝑓𝑓1 �𝐸𝐸𝐸𝐸𝑡𝑡 , 𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 , 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 , 𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡, 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 �

(3)

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 = 𝑓𝑓1 �𝐸𝐸𝐸𝐸𝑡𝑡 , 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 , 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 , 𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡, 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡 �

(2)

Equations 1, 2 and 3 indicate that the Granger causality tests are conducted―in the framework of
VECM and ARDL, respectively―to give interference to the causal linkage between the
economic growth (EG, real per capita GDP), energy consumption (ENC, kg of oil equivalent per
capita) and CO2 emissions (COTWO, metric tons per capita). While there are several pollutant
variables (e.g., SO2 and NOx), CO2 emissions are considered because they play a focal role in the
current debate on environment protection and sustainable development (Lotfalipour et al., 2010),
in particular on global warming and climate change. Importantly, the square of real per capita
GDP (EGSQ) is incorporated to check the non-linearity of the energy-growth nexus and the
validity of the EKC hypothesis. As the globalization variables, trade openness (TOP, exports +
imports, per cent of GDP) and foreign direct investment (FDI, net inflows, per cent of GDP) are
taken to address the omission-of-variable bias in estimation because Malaysia is one of highly
globalized countries receiving a large volume of international trade and FDI. (Note 5)
To give interference to Malaysia’s energy-growth nexus, the causalities of ENC→EG in equation
1 and EG→ENC in equation 2 are important; it can be either unilateral or bilateral having either
a positive or a negative impact, or totally no causality. In addition, the causalities of EG→ENC
and EGSQ→ENC in equation 2 are related to checking the non-linearity of the energy-growth
nexus. If both of these two causalities are statistically significant exhibiting different causal
directions, we confirm evidence of non-linearity. As per the EKC hypothesis, we look at the
coefficients of EG and EGSQ in equation 3. To prove the EKC hypothesis, the former is
expected to be positive, and the latter to be negative, respectively. In this case, the presence of an
inverted U-shaped curve is detected, that is, as the Malaysian economy grows, CO2 emissions
also increase until a threshold level of real per capita GDP is reached after which CO2 emissions
begin to decline. Moreover, we are interested in whether/how the globalization variables of TOP
and FDI impact EG, ENC and CO2 in the three equations. The coefficients of TOP and FDI are
assumed to be either positive or negative depending on the level of economic development. In
general, if developing economies have less stringent environment regulations, greater TOP and
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more FDI are expected to increase environmental pollution (Sajeev and Kaur, 2020).
All the underlying variables are converted into logarithm. We use annual data series of the World
Bank’s World Development Indicators (WDI). The sample period covers 1971 to 2014, because
of the availability of data series, in particular those of energy consumption and CO2 emissions
which are available until 2014.
4. Methodology
4.1 Initial Procedure
In conducting time series analysis, we look for the presence of a long-run, steady-state
equilibrium by employing vector autoregressive (VAR) with conditional error-correction models
(ECMs). To this end, two cointegration techniques are available to us: the vector error correction
model (VECM) of Johansen (1988) and the autoregressive distributed lag (ARDL) bounds test of
Pesaran et al. (2001). Both of them can indicate a causal direction by the sign of each underlying
variable’s coefficient in the cointegrating space. Thus, it allows us to confirm whether the
underlying variables of EG, ENC, COTWO, EGSQ, TOP and FDI have either positive or
negative impact on each of them. In the VECM assessment, some underlying variables are
treated as weakly exogenous variables that are taken into the cointegrating space but not as
endogenous/dependent variables. While the VECM approach imposes a strict condition that all
underlying variables must be I(1) (integrated order one), the ARDL approach accepts the mixture
of I(0) (integrated order zero) and I(1) variables in estimation. Considering these different
characteristics, we use the two cointegration techniques to add more robustness to the analysis of
Malaysia’s energy-growth nexus and EKC hypothesis.
The estimation is started with unit root tests so as to check the stationarity/integration of each
underlying variable. Unless non-stationary time series hold a long-run mean (i.e., their variance
is time dependent), the presence of unit root causes inaccurate estimation. (Note 6) As far as the
ARDL estimation is concerned, both I(0) and I(1) are okay but I(2) (integrated order two) is
unacceptable. Hence, to check whether each variable is either I(0) or I(1), we implement
augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979) and the Phillips and Perron (PP)
test (Phillips and Perron, 1988). One invention of the present study is that, in addition to
“intercept only” and “intercept and linear trend”, the two unit root tests are also computed
“intercept and structural break dummy 1997”as it is a well-known episode that the Asian
financial crisis severely impacted Malaysia in 1997. We refer to the argument that researchers
need to apply both the traditional and structural break unit root tests to make sure that the
variables are not I(2) (Menegaki, 2019).
4.2 VECM Procedure
We present the VECM system equations as follows:
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Δ𝐸𝐸𝐸𝐸𝑡𝑡−𝑝𝑝
𝐸𝐸𝐸𝐸𝑡𝑡−1
⎡
⎤
⎡ 𝐸𝐸𝐸𝐸𝐸𝐸
⎤
Δ𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑝𝑝 ⎥
𝑡𝑡−1
⎢
⎢
⎥
𝛼𝛼1𝑗𝑗
∆𝐸𝐸𝐸𝐸𝑡𝑡
𝑢𝑢�
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−1 ⎥
⎢∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−𝑝𝑝 ⎥
⎢
�
� = �𝛼𝛼 � [𝛽𝛽𝑖𝑖1 𝛽𝛽𝑖𝑖2 𝛽𝛽𝑖𝑖3 𝛽𝛽𝑖𝑖4 𝛽𝛽𝑖𝑖5 𝛽𝛽𝑖𝑖6 ]
+ Γ𝑖𝑖𝑖𝑖 ⎢
+ � 1𝑡𝑡 �
⎥
∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
2𝑗𝑗
𝑢𝑢�2𝑡𝑡
Δ𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑝𝑝
𝑡𝑡−1 ⎥
⎢
⎢
⎥
⎢ 𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−1 ⎥
⎢ Δ𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−𝑝𝑝 ⎥
⎣ 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦
⎣ Δ𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦
Δ𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−𝑝𝑝
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−1
⎡
⎤
⎤
Δ𝐸𝐸𝐸𝐸𝑡𝑡−𝑝𝑝 ⎥
𝐸𝐸𝐸𝐸𝑡𝑡−1
⎢
⎥
𝑢𝑢�
𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎥
⎢ ∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑝𝑝 ⎥
+ Γ𝑖𝑖𝑖𝑖 ⎢
+ � 1𝑡𝑡 �
⎥
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎥
𝑢𝑢�2𝑡𝑡
Δ𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑝𝑝
⎢
⎥
𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−1 ⎥
⎢ Δ𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−𝑝𝑝 ⎥
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦
⎣ Δ𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦

⎡
⎢
𝛼𝛼1𝑗𝑗
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡
�
� = �𝛼𝛼 � [𝛽𝛽𝑖𝑖1 𝛽𝛽𝑖𝑖2 𝛽𝛽𝑖𝑖3 𝛽𝛽𝑖𝑖4 𝛽𝛽𝑖𝑖5 𝛽𝛽𝑖𝑖6 ] ⎢
∆𝐸𝐸𝐸𝐸𝑡𝑡
2𝑗𝑗
⎢
⎢
⎣

(4)

(5)

In each of the above VECM specifications, two variables are taken as the dependent/endogenous
variables, and four variables are the weakly exogenous variables since it readily enables us to
find a single cointegration relationship (r = 1) which provides more comprehensible analysis.
Equation 4 is “Model I” in which EG and ENC are interchangeably treated as the
dependent/endogenous variable, and COTWO, EGSQ, TOP and FDI are the weakly exogenous
variables in the cointegrating space. Equation 5 is “Model II” where COTWO is the dependent
variables, EG is the endogenous variable, and ENC, EGSQ, TOP and FDI are the weakly
exogenous variables in the cointegrating space because the present study’s objective is to give
interference to Malaysia’s EKC hypothesis (so that we do not analyse the case whose dependent
variable is EG in Model II). The VECM estimation begins with the Johansen cointegration test to
check the presence of the long-run relationship among six underlying variables. In performing
the Johansen test, we seek a single cointegrating relationship (r = 1). Next, by normalizing each
of EG and ENC/COTWO to one, we carry out two types of the Granger causality test. The first
test is the weak exogeneity test that puts zero restrictions on α, i.e. H0: αij = 0; the rejection of the
null hypothesis implies that there is a long-run causality formed by all the underlying variables in
the system (Juselius and Johansen, 1992). The second test is the strong exogeneity test that is
performed by imposing a restriction on both α and either of β in the cointegrating space; i.e. H0:
αij βij = 0 (Toda and Phillips, 1993). Based on the significant results of the two Granger causality
tests, we give interference to Malaysia’s energy-growth nexus and the EKC hypothesis in terms
of the VECM analysis.
4.3 ARDL Procedure
The ARDL procedure is elucidated by the following system equations:
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𝐸𝐸𝐸𝐸𝑡𝑡−1
⎡ 𝐸𝐸𝐸𝐸𝐸𝐸
⎤
𝑡𝑡−1
𝑝𝑝−1
𝑝𝑝−1
⎢
⎥ 𝑝𝑝−1
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝑡𝑡−1
⎥ + � 𝜃𝜃1𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃2𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃3𝑗𝑗 ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−𝑗𝑗
𝐸𝐸𝐸𝐸𝑡𝑡 = 𝛼𝛼𝑖𝑖𝑖𝑖 ⎢
⎢ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎥ 𝑗𝑗=1
𝑗𝑗=1
𝑗𝑗=1
⎢ 𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−1 ⎥
⎣ 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦
𝑝𝑝−1

𝑝𝑝−1

𝑝𝑝−1

𝑗𝑗=1

𝑗𝑗=1

𝑗𝑗=1

𝑝𝑝−1

𝑝𝑝−1

𝑝𝑝−1

𝑗𝑗=1

𝑗𝑗=1

𝑗𝑗=1

𝑝𝑝−1

𝑝𝑝−1

𝑝𝑝−1

𝑗𝑗=1

𝑗𝑗=1

𝑗𝑗=1

+ � 𝜃𝜃4𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃5𝑗𝑗 ∆𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−𝑗𝑗 + � 𝜃𝜃6𝑗𝑗 ∆𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑗𝑗 �

𝑢𝑢�1𝑡𝑡
� + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 (6)
𝑢𝑢�2𝑡𝑡

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1
⎡ 𝐸𝐸𝐸𝐸
⎤
𝑡𝑡−1
𝑝𝑝−1
𝑝𝑝−1
⎢
⎥ 𝑝𝑝−1
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
𝑡𝑡−1 ⎥
+ � 𝜃𝜃1𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃2𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃3𝑗𝑗 ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−𝑗𝑗
∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 = 𝛼𝛼𝑖𝑖𝑖𝑖 ⎢
⎢ 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎥ 𝑗𝑗=1
𝑗𝑗=1
𝑗𝑗=1
⎢ 𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−1 ⎥
⎣ 𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦
+ � 𝜃𝜃4𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃5𝑗𝑗 ∆𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−𝑗𝑗 + � 𝜃𝜃6𝑗𝑗 ∆𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑗𝑗 �

⎡
⎢
∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 = 𝛼𝛼𝑖𝑖𝑖𝑖 ⎢
⎢
⎢
⎣

𝑢𝑢�1𝑡𝑡
� + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 (7)
𝑢𝑢�2𝑡𝑡

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−1
𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎤ 𝑝𝑝−1
𝑝𝑝−1
𝑝𝑝−1
⎥
𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎥
+ � 𝜃𝜃1𝑗𝑗 ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡−𝑗𝑗 + � 𝜃𝜃2𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃3𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 ⎥
𝑗𝑗=1
𝑗𝑗=1
𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−1 ⎥ 𝑗𝑗=1
𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−1 ⎦

+ � 𝜃𝜃4𝑗𝑗 ∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−𝑗𝑗 + � 𝜃𝜃5𝑗𝑗 ∆𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡−𝑗𝑗 + � 𝜃𝜃6𝑗𝑗 ∆𝐹𝐹𝐹𝐹𝐹𝐹𝑡𝑡−𝑗𝑗 �

𝑢𝑢�1𝑡𝑡
� + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑢𝑢𝑖𝑖𝑖𝑖 (8)
𝑢𝑢�2𝑡𝑡

Equations 6, 7 and 8 are “Models III, IV and V” in which EG, ENC and COTWO are treated as
the dependent variables, respectively. Firstly, we implement the bounds test, which is based on
F-statistics, so as to confirm the existence of cointegration between the underlying variables
which are either I(0) or I(1) (i.e., not I(2)). The null hypothesis of the bounds test is either
accepted or rejected depending on the valuation of F-statistics. When computed F-statistics are
greater than upper bound critical values, the null hypothesis is rejected and it is judged that there
is a cointegrating relationship between the underlying variables. In another case, when computed
F-statistics locate within lower and upper bound critical values, the result is inconclusive so that
we need to look at the results of unit root tests. Secondly, we determine the optimal lag order of
each variable by referring to either the Akaike information criterion (AIC) or the R-bar squared
criterion. (Note 7) Thirdly, both the weak and strong exogeneity tests are carried out to give
interference in the ARDL analysis. The weak exogeneity test addresses the null hypothesis of H0:
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αi = 0 to check the evidence of a long-run causality or the significance of the ECT coefficient.
Meanwhile, the ARDL strong exogeneity test is based on a different concept from that of the
VECM estimation. It examines the nulls of H0: all αj = θij’s = 0. Thus, the overall (long-run +
short-run) causality in the system is identified by the strong exogeneity test, irrespective of time
spans in the ARDL estimation (Charemza & Deadman, 1997).
4.4 Structural Break Dummy
Importantly, referring to Johansen et al. (2000) and Pesaran and Pesaran (2009) who suggest a
technique taking the element of structural break―in the form of level shift dummy―into the
cointegration analysis, we incorporate the structural break dummy (SBD). The dummy variable
is 0 before 1997 and 1 after that year in both the VECM and ARDL estimations due to the same
reason as stated for the unit root tests, that is, Malaysia experienced a critical financial crisis in
1997, which might be very influential for structuring the cointegration relationship between the
underlying variables. (Note 8)
5. Empirical Results
5.1 Unit Root Tests
In Table 1, the ADF and PP test results of Malaysia’s six underlying variables are reported. For
each variable, the judgement is different depending on either “intercept only” or “intercept and
trend” or “intercept and structural break dummy” in the two tests. For example, trade openness is
judged as I(1) in the PP test but not so in the ADF test (possibly be I(2)). Likewise, foreign direct
investment is I(1) in the ADF test, but it is I(0) in the PP test. Looking at these statistics as a
whole, we argue that all the variables are not perfectly okay but is fairly acceptable for the
VECM and ARDL cointegration analysis. Rather, such diverse unit root results validates the
simultaneous use of the VECM and ARDL techniques to put more robustness to the present
study.
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Table 1. ADF and PP Test Results (k = 4)
ADF Test

PP Test

Inpt. only

Inpt..
Trend

Inpt. only

Inpt.
Trend

-1.1819

-2.4545

-2.6492

-1.5443

-4.3963***

-2.7210

-3.0433**

-3.0480

-3.0344*

-9.9286***

-10.0991**
*

-9.2789**
*

COTWO

-1.1390

-1.9930

-2.2965

-.79134

-2.1397

-2.1148

∆COTW
O

-2.5773*

-2.5697

-2.6372

-7.6027***

-7.5500***

-8.3066**
*

ENC

-2.1978

-1.1597

-2.3641

-1.2020

-1.8164

-2.0481

-2.4081

-3.0919

-3.0430

-7.1445***

-7.5268***

-7.3321**
*

EGSQ

-.78872

-2.5332

-2.5828

-1.0760

-4.5521***

-2.6016

∆EGSQ

-3.0589**

-3.0187

-3.0130

-10.3930**
*

-10.3537**
*

-9.5540**
*

TOP

-1.8122

.16085

-1.4781

-1.7789

.32160

-1.6573

-1.5502

-2.2066

-2.5749

-5.1160***

-5.9307***

-6.0758**
*

-2.8589*

-2.9841

-3.2063*

-5.5705***

-5.5587***

-5.8999**
*

-3.9531**
*

-3.8632**

-4.0781***

-12.4712**
*

-12.2863**
*

-9.8467**
*

EG
∆EG

∆ENC

∆TOP

FDI

∆FDI

& Inpt.
SBD

&

& Inpt.
SBD

&

Notes. (***) 1%, (**) 5% and (*) 10% level of significance. The critical values are simulated
with 1000 replications.
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5.2 VECM Results
Table 2 shows the results of the Johansen cointegration test. Model I, whose
dependent/endogenous variables are EG and ENC and selected lag order is four, addresses the
energy-growth nexus. The test result indicates that there is a single cointegration (r = 1) at the 1%
significance level. On the other hand, for Model II, whose dependent variable is COTWO and
endogenous variable is EG, and selected lag order is two, we also find a single cointegration (r =
1) at the 1% significance level, so that it allows us to examine the EKC hypothesis. Before
proceeding, we see the diagnostic test statistics in Table 3. According to them, since both Models
I and II are free from such estimation problems of autocorrelation, non-normality and
heteroscedasticity, the VECM analysis is considered as statistically acceptable.

Table 2. Johansen Cointegration Test Results
Model I (VECM)

k=4

Dep./End. variable

Weakly exo. variables Det. components

Null

p-value

EG

COTWO, EGSQ

Intercept (rest.)

r=0

0.000***

ENC

TOP, FDI

SBD (rest.)

r<=1

0.319

Model II (VECM)

k=2

Dep. variable

Weakly exo. variables Det. components

Null

p-value

COTWO

ENC, EGSQ

Intercept (rest.)

r=0

0.005***

End. variable

TOP, FDI

SBD (rest.)

r<=1

0.217

EG
Notes. (***) 1% level of significance. The results are based on critical values simulated with 400
random walks and 2500 replications.
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Table 3. VECM Diagnostic Test Results
Test
Autocorrelation

Model I

Model II

Ljung-Box(11)

40.398 [0.036]

73.042 [0.000]

LM(1)

9.748 [0.045]

1.823 [0.768]

LM(2)

2.418 [0.659]

1.676 [0.795]

0.767 [0.943]

8.252 [0.083]

LM(1)

9.170 [0.422]

6.946 [0.643]

LM(2)

14.354 [0.706]

8.413 [0.972]

Normality
ARCH

Notes. The results are based on X2 statistics. P-values are given in parentheses.

Tables 4 and 5 show the VECM causality test results (1. Cointegrating vector; 2. Weakly
exogenous test; and 3. Strong exogeneity test) of Models I and II, respectively. First of all, since
the sign of each coefficient in the cointegrating vector exhibits the causal direction of each
underlying variable, the coefficient of EG/ENC/COTWO is normalized to one. Thus, the
direction of each underlying variable is identified with respect to each dependent variables, i.e.
whether one variable is either positive or negative to economic growth/energy consumption/CO2
emissions by checking each variable’s sign in the cointegrating vector (the direction of each
variable is extracted in the third column of the tables). Subsequently, each model’s “α” (the error
correction term (ECT) coefficient) shows the speed of adjustment back to the long-run
equilibrium whenever there is a deviation from a steady state in the system. Therefore, the ECT
coefficient is expected to be statistically significant with a negative sign. According to the
weakly exogeneity statistics in Tables 4 and 5, all three ECTs possess a negative sign. Model I’s
two ECTs are the 1% level significant. Meanwhile, in the case of Model II, when COTWO is the
dependent variable, the ECT is marginally significant at the 10% level.
5.2.1 VECM Energy-Growth Nexus
In Table 4, the strong exogeneity statistics of Model I, which are relevant to the energy-growth
nexus, show a negative bilateral causality between economic growth and energy consumption
(EG↔ENC(-)) as well as a positive causality from the square of economic growth to energy
consumption (EGSQ→ENC(+)). Combining the two causal results, we highlight the evidence of
non-linearity in Malaysia’s energy-growth nexus, that is, it is bilateral in a linear specification,
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but after going through a threshold, as the economy grows, more energy is consumed. In the
energy-growth nexus estimation, since CO2 is negative for economic growth at the 1%
significance level, more CO2 emissions are unsuitable for the Malaysian economy. As far as the
globalization variables in Malaysia’s energy-growth nexus are concerned, trade openness is
positive for both economic growth and energy consumption at the 1% significance level, whereas
FDI is negative for economic growth at the 1% significance level but a meaningful statistic of
FDI causing energy consumption is not detected.
5.2.2 VECM EKC Hypothesis
In Table 5, according to the strong exogeneity results of Model II, which are relevant to the EKC
hypothesis (i.e., COTWO is the dependent variable), economic growth is negative for CO2
emissions, whereas the square of economic growth is positive for CO2 emissions. (Note 9)
Joining the two causal results, we observe that Malaysia’s EKC is U-shaped, that is, in the initial
stage, as the Malaysian economy grows, less CO2 is released; after a turning point, however, as
the economy grows, more CO2 emissions are observed. We mention other Model II causality
results: 1) energy consumption is positive for CO2 emissions at the 10% significance level; 2)
trade openness increases CO2 emissions at the 1% significance level; and 3) FDI’s impact on
CO2 emissions is insignificant.

Table 4. VECM Results (Model I)
Model I (Dependent variable: EG)
1. Cointegrating vector
𝐸𝐸𝐸𝐸 = −2.707𝐸𝐸𝐸𝐸𝐸𝐸 − 1.567𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 0.542𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 1.668 𝐶𝐶𝐶𝐶𝑇𝑇 − 0.337𝐹𝐹𝐹𝐹𝐹𝐹 − 0.685 SBD + 4.461

2. Weakly exogenous test
ECT coefficient

Result

α = -0.029

CHISQR(1) = 16.268 [0.000]***

3. Strong exogeneity test
Regressors

Result

Direction

ENC & ECT(-1)

CHISQR(2) = 38.957 [0.000]***

Negative
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COTWO & ECT(-1)

CHISQR(2) = 19.620 [0.000]]***

Negative

EGSQ & ECT(-1)

CHISQR(2) = 16.653 [0.000]***

Positive

TOP & ECT(-1)

CHISQR(2) = 23.602 [0.000]***

Positive

FDI & ECT(-1)

CHISQR(2) = 23.335 [0.000]***

Negative

Model I (Dependent variable: ENC)
1. Cointegrating vector
𝐸𝐸𝐸𝐸𝐸𝐸 = −0.369 𝐸𝐸𝐸𝐸 − 0.579𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 0.200𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 0.616𝐶𝐶𝐶𝐶𝑇𝑇 − 0.124𝐹𝐹𝐹𝐹𝐹𝐹 − 0.253𝐸𝐸𝐵𝐹𝐹 + 1.648

2. Weakly exogenous test
ECT coefficient

Result

α = -0.721

CHISQR(1) = 19.243 [0.000]***

3. Strong exogeneity test
Regressors

Result

Direction

EG & ECT(-1)

CHISQR(2) = 19.924 [0.000]***

Negative

COTWO & ECT(-1)

CHISQR(2) = 22.622 [0.000]***

Negative

EGSQ & ECT(-1)

CHISQR(2) = 21.380 [0.000]***

Positive

TOP & ECT(-1)

CHISQR(2) = 24.236 [0.000]***

Positive

FDI & ECT(-1) §

―

―

Notes. (***) 1% level of significance. (§) Since the chosen normalization invalidates calculation
of the “standard error” for beta, the result is not provided.
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Table 5. VECM Results (Model II)
Model II (Dependent variable: COTWO)
1. Cointegrating vector
𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = −12.059 𝐸𝐸𝐸𝐸 + 0.602𝐸𝐸𝐸𝐸𝐸𝐸 + 1.174𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 1.069𝐶𝐶𝐶𝐶𝑇𝑇 − 0.059𝐹𝐹𝐹𝐹𝐹𝐹 − 0.466𝐸𝐸𝐵𝐹𝐹 + 22.659

2. Weakly exogenous test
ECT coefficient

Result

α = -0.199

CHISQR(1) = 2.835 [0.092]*

3. Strong exogeneity test
Regressors

Result

Direction

EG & ECT(-1)

CHISQR(2) = 16.094 [0.000]***

Negative

ENC & ECT(-1)

CHISQR(2) = 4.747 [0.093]*

Positive

EGSQ & ECT(-1)

CHISQR(2) = 15.470 [0.000]***

Positive

TOP & ECT(-1)

CHISQR(2) = 12.141 [0.002]***

Positive

FDI & ECT(-1)

CHISQR(2) = 4.546 [0.103]

Negative

Notes. (***) 1% level and (*) 10% level of significance.

5.3 ARDL Results
The ARDL bounds test confirms a cointegration relationship in the three models, in which we
treat EG (Model III), ENC (Model IV) and COTWO (Model V) as the dependent variables,
respectively. In performing the ARDL bounds test, it is important to select each underlying
variable’s lag order. While the lag orders of Models III and IV are specified by the Akaike
criterion, those of Model V are given by the R-bar squared criterion. Table 6 reveals that the
existence of cointegration is validated for all the models at the 5% significance level. According
to the diagnostic statistics in Table 7, as all the ARDL models are free from serious estimation
problems of autocorrelation, functional form (expect for that of Model III), non-normality and
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heteroscedasticity, we consider the ARDL analysis as statistically acceptable to precede.

Table 6. ARDL Bounds Test Results (F-statistics, k = 2)
Model III
Dep. variable

End. variables

Selected lag orders

Det. components

Statistic

EG

ENC,COTWO

(2, 0, 0, 2, 2, 0)

Intercept (rest.)

5.4067**

EGSQ,TOP,FDI

SBD (rest.)

Model IV
Dep. variable

End. variables

Selected lag orders

Det. components

Statistic

ENC

EG,COTWO

(1, 2, 1, 1, 0, 1)

Intercept (rest.)

4.3945**

EGSQ,TOP,FDI

SBD (rest.)

Model V
Dep. variable

End. variables

Selected lag orders

Det. components

Statistic

COTWO

EG,ENC

(2, 0, 1, 0, 2, 0)

Intercept (rest.)

4.8744**

EGSQ,TOP,FDI

SBD (rest.)

Notes. (**) 5% of significance. The selected lag orders are given as (EG, ENC, COTWO, EGSQ,
TOP, FDI) for Model III, (ENC, EG, COTWO, EGSQ, TOP, FDI) for Model IV, and as
(COTWO, EG, ENC, EGSQ, TOP, FDI) for Model V, respectively. The lag orders of Models III
and IV are given by the Akaike criterion, whereas that of Model V is by the R-bar squared
criterion.
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Table 7. ARDL Diagnostic Test Results
Model III

Model IV

Model V

Serial correlation

0.0942 [.759]

0.5150 [.473]

1.0554 [.304]

Functional form

41.851 [.000]

0.1343 [.714]

0.8683 [.351]

Normality

0.2569 [.879]

1.3628 [.506]

0.0694 [.966]

Heteroscedasticity

0.0275 [.868]

2.1576 [.142]

0.1328 [.716]

Tables 8, 9 and 10 present the ARDL results (1. Cointegrating vector; 2. Weakly exogenous test;
and 3. Strong exogeneity test) of Models III, IV and V, respectively. In the first line of each table,
the identified cointegrating vectors, in which the coefficient of EG/ENC/COTWO is normalized
to one, are provided in order to confirm each underlying variable’s causal direction to the
dependent variable. In the second line, the weakly exogeneity statistics show that each model’s
ECT coefficient is significant at the 1% level having a negative sign.
5.3.1 ARDL Energy-Growth Nexus
To give interference to Malaysia’s energy-growth nexus in terms of the ARDL analysis, we refer
to the strong exogeneity results of Models III and IV in Tables 8 and 9. From these statistics, we
detect a positive bilateral relationship economic growth and energy consumption (EG↔ENC(+)),
and a negative causality from the square of economic growth to energy consumption
(EGSQ→ENC(-)). Thus, the evidence of non-linearity in Malaysia’s energy-growth nexus is
confirmed, that is, it is bilateral in a linear specification, but after going through a threshold, as
the economy grows, less energy is consumed. In assessing the Malaysian energy-growth nexus,
we also find that CO2 emissions are negative for economic growth at the 1% significance level in
Model III, so that more CO2 emissions are not good for economic growth. In relevant to the
globalization variables, trade openness is positive for economic growth at the 1% significance
level and negative for energy consumption at the 1% significance level, whereas FDI is negative
for economic growth at the 1% significance level and positive for energy consumption at the 1%
significance level.
5.3.2 ARDL EKC Hypothesis
In Table 10, as far as Malaysia’s EKC hypothesis is concerned, the strong exogeneity estimates
of Model V show that economic growth is negative for CO2 emissions but the square of
economic growth is positive for CO2 emissions. Thus, in the ARDL analysis, we find out a
U-shaped EKC is observed in Malaysia, that is, in the initial stage, as the Malaysian economy
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grows, less CO2 is released; but after a turning point, as the economy grows, more CO2
emissions are witnessed. Other causality results show that: 1) more energy consumption
increases CO2 emissions at the 1% significance level; 2) trade openness is positive for CO2
emissions at the 1% significance level; and 3) FDI is insignificant for CO2 emissions.

Table 8. ARDL Results (Model III)
Model III (Dependent variable: EG)
1. Cointegrating vector
𝐸𝐸𝐸𝐸 = 0.020𝐸𝐸𝐸𝐸𝐸𝐸 − 0.065𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 0.098𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 0.095 𝐶𝐶𝐶𝐶𝑇𝑇 − 0.008𝐹𝐹𝐹𝐹𝐹𝐹 − 0.036 SBD + 2.039

2. Weakly exogenous test

ECT coefficient

Result

α = -0.562

CHSQR(1) = 14.1731 [0.000]***

3. Strong exogeneity test
Regressors

Result

Direction

ΔENC & ECT(-1)

CHSQR(2) = 21.0725 [.000]***

Positive

ΔCOTWO & ECT(-1)

CHSQR(2) = 14.6791 [.001]***

Negative

ΔEGSQs & ECT(-1)

CHSQR(3) = 3155.8 [.000]***

Positive

ΔTOPs & ECT(-1)

CHSQR(3) = 26.8330 [.000]***

Positive

ΔFDI & ECT(-1)

CHSQR(2) = 33.5618 [.000]***

Negative

Notes. (***) 1% level of significance.
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Table 9. ARDL Results (Model IV)
Model IV (Dependent variable: ENC)
1. Cointegrating vector
𝐸𝐸𝐸𝐸𝐸𝐸 = 7.131𝐸𝐸𝐸𝐸 + 0.211𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 − 0.595𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 0.322 𝐶𝐶𝐶𝐶𝑇𝑇 + 0.029𝐹𝐹𝐹𝐹𝐹𝐹 + 0.180 𝐸𝐸𝐵𝐹𝐹 − 12.420

2. Weakly exogenous test

ECT coefficient

Result

α = -0.559

CHSQR(1) = 20.2486 [.000]***

3. Strong exogeneity test
Regressors

Result

Direction

ΔEGs & ECT(-1)

CHSQR(3) = 20.3578 [.000]***

Positive

ΔCOTWO & ECT(-1)

CHSQR(2) = 32.4464 [.000]***

Positive

ΔEGSQ & ECT(-1)

CHSQR(2) = 20.2605 [.000]]***

Negative

ΔTOP & ECT(-1)

CHSQR(2) = 22.6874 [.000]***

Negative

ΔFDI & ECT(-1)

CHSQR(2) = 21.4775 [.000]***

Positive

Notes. (***) 1% level of significance.
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Table 10. ARDL Results (Model V)
Model V (Dependent variable: COTWO)
1. Cointegrating vector
𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = −7.372𝐸𝐸𝐸𝐸 + 0.379𝐸𝐸𝐸𝐸𝐸𝐸 + 0.770𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 0.875 𝐶𝐶𝐶𝐶𝑇𝑇 − 0.045𝐹𝐹𝐹𝐹𝐹𝐹 − 0.442 𝐸𝐸𝐵𝐹𝐹 + 11.84

2. Weakly exogenous test
ECT coefficient

Result

α = -0.585

CHSQR(1) = 19.933 [.000]***

3. Strong exogeneity test
Regressors

Result

Direction

ΔEG & ECT(-1)

CHSQR(2) = 23.4084 [.000]***

Negative

ΔENC & ECT(-1)

CHSQR(2) = 32.8617 [.000]***

Positive

ΔEGSQ & ECT(-1)

CHSQR(2) = 23.8273[.000]***

Positive

ΔTOPs & ECT(-1)

CHSQR(3) = 23.0357[.000]***

Positive

ΔFDI & ECT(-1)

CHSQR(2) = 21.1511[.000]***

Negative

Notes. (***) 1% level of significance.

6. Conclusions and Policy Implications
We investigated Malaysia’s energy-growth nexus and EKC hypothesis over the period
1971-2014 by taking the globalization variables of trade openness and foreign direct investment
(FDI) and the structural break dummy of the Asian financial crisis of 1997 into estimation. In
Table 11 the main findings of the present study are summarized.
Firstly, we highlight different results for Malaysia’s energy-growth nexus between the two
cointegration approaches. The VECM results show that the causal linkage is “negative and
bilateral” (EG↔ENC(-)), whereas the square of economic growth releases a positive impact on
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energy consumption (EGSQ→ENC(+)). According to the ARDL results, it is “positive and
bilateral” (EG↔ENC(+)), but the square of economic growth is negative for energy consumption
(EGSQ→ENC(-)). Taking these findings into consideration, we consider that although the
presence of the energy-growth nexus in Malaysia was statistically confirmed, it has not been
fully established yet. Ideally, “the less energy consumption, the higher economic growth” (as
indicated by the ARDL estimation) is desired for sustainable development in the future. Secondly,
as per the EKC hypothesis, both the VECM and ARDL results provided the same conclusion,
that is, in the initial stage, as the higher economic growth, the less CO2 emissions, but after a
threshold, the higher economic growth, the more CO2 emissions; it indeed exhibits a “not
eco-friendly pattern” in Malaysia. Thirdly, we also confirmed the effects of the globalization
variables. Trade openness is positive for economic growth as well as for CO2 emissions in both
the VECM and ARDL estimations. Not to mention, such a pattern of development is typically
unsustainable. As far as FDI is concerned, it is positive for economic growth in the VECM
estimation but it is negative in the ARDL estimation. FDI is positive for energy consumption and
negative for CO2 emissions in the ARDL estimation, whereas no significant estimate was
detected for energy consumption and CO2 emissions in the VECM estimation.
As our policy implication, we argue that Malaysia needs to surely transform into a
less-energy-consumption economy while attaining higher economic growth. So far, as indicated
by our findings, it is uncertain whether Malaysia will follow the above argument. To achieve
sustainable development, more precisely, to attain the objectives of SDG 12 (responsible
consumption and production) and SDG 13 (climate action), policymakers are required to form
national development strategies how to introduce and generalize renewable energy resources
(e.g., hydropower, solar power and wind power) which are very necessary to protect the
environment. At the same time, policymakers should evaluate and apply the impact of
globalization on Malaysia’s sustainable development. It is important to export and import such
products that contribute to environmental conservation, or to attract a large amount of FDI that
can bring environmental protection technologies to the country. Thus, we hope that Malaysia will
be ahead of other countries, leaving from such an undesirable scenario that developing countries
are more likely to attract polluting industries due to lower environmental standards.
Finally, while the sample period of our Malaysian study was limited to 1971-2014 (in fact it was
the best available period for us), we will investigate the energy-growth nexus and EKC
hypothesis in emerging economies by incorporating the impact of the COVID-19 crisis for the
future study.
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Table 11. Summary of Malaysia’s Energy-Growth Nexus and EKC hypothesis Results
1. Energy-growth nexus
VECM

ARDL

EG↔ENC(-)

EG↔ENC(+) (positive & bilateral)

EGSQ→ENC(+)

EGSQ→ENC(-)

2. EKC hypothesis
VECM

ARDL

U-shaped

U-shaped

[EG→COTWO(-); EGSQ→COTWO(+)]

[EG→COTWO(-); EGSQ→COTWO(+)]

3. Globalization
a. Trade openness
VECM

ARDL

TOP→EG(+)

TOP→EG(+)

TOP→ENC(+)

TOP→ENC(-)

TOP→COWTO(+)

TOP→COWTO(+)

b. FDI
VECM

ARDL

FDI→EG(+)

FDI→EG(-)

―

FDI→ENC(+)

―

FDI→COWTO(-)
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Notes
Note 1. “Globally, crude oil prices fell from 100US$ per barrel in mid-2014 to below 30US$ per
barrel in early 2016. Natural gas and coal prices also fell during this period. International
Monetary Fund (IMF) quantifies lower fossil fuel prices to act as a form of economic stimulus”
(Sajeev and Kaur, 2020).
Note 2. While the EKC hypothesis is applicable for other pollutants, the main concern is on CO2
due to its crucial impact on global warming and climate change.
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Note 3. The systematic, inverted-U relationship between income change and environmental
quality derives its name from the work of Kuznets (1955) who postulated a similar relationship
between income inequality and economic development.
Note 4. As there is no explicit reference to time, EKC is considered as a long run phenomenon.
Note 5. In empirically analysing the energy-growth nexus and EKC hypothesis, the
omission-of-variable bias has been pointed out by several economists (see Ozturk, 2010; Lean
and Smyth, 2010; Sajeev and Kaur, 2020).
Note 6. “The test of stationarity in time series econometrics literature is essential to ascertain the
order of integration of a variable before proceeding to test for cointegration and causality
test—to prevent spurious analysis and erroneous policy implications” (Etokakpan et al., 2020).
Note 7. While the Schwarz Bayesian criterion (SBC) is widely used, the R-bar squared criterion
provided better estimates to the present study (see “5.2 ARDL results”).
Note 8. Taking a level shift dummy into the cointegration test, we are more likely to find out a
single cointegration (r = 1) and no autocorrelation (see Fukuda, 2020)
Note 9. As the present study aims at giving interference to Malaysia’s EKC hypothesis, we do
not provide the Model II results of the case whose dependent variable is EG (see “4.2 VECM
procedure”). The results are provided on request.
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