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Abstract

The paper examines the impact of energy consumjptitheconomic growth on G@missions in Malaysia,
covering 1965-2015 period. Simple ordinary leasiasgs technique was employed to achieve the obgedthe
result indicated that CCemission decreases with an increase in incomdrenelases with an increase in trade
openness. While environmental Kuznets curve is xistent. We therefore recommended that,@@tigation
policies should be prioritized.
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1. Introduction

One of the most topical issues and a subject @ stigation by researchers in the recent timesolsajlwarming
and its resulting effects. IPCC (2007) projecteat tjlobal temperature may rise from 1.1 to’6.4 the current
greenhouse gas (GHG) emissions level is maintaifbid. projection signals future danger of rise é&a $evel
from 16.5 to 53.8 cm by the year 2100 if the trendrent remains. World Bank report suggests thatntiain
component of the GHG that contribute to global wiagrand climate change is G@missions (Mendelsohn,
2010). Thus, C@emissions largely contribute to global warming.nyi@xisting literature have investigated the
relationship between energy consumption,,@missions and economic growth in different costrand
regions, using different methodologies and varysample sizes. These investigations mostly relied on
econometric methodologies and a framework of emvirental Kuznets curve (EKC) hypothesis. Howeveg, th
results of the studies still remain controversiad @ambiguous. The ambiguity or mixture of the firgi can be
attributed to the sample periods used, variablegl@mad, methodologies used or country/region foduse.
Due to the non-consensus and identified weaknefseethodologies used by some previous studiestoie

is still opened to further research.

This study focuses on Malaysia as a country ofystlitie choice of Malaysia as a case study is mi/hased
on the fact that it is one of the fastest growiryaloping economies (Saboori et al., 2012), withagerage
economic growth rate of 7.7% in 1970s to 1980s%biB 1990s and average of 6.5% after 2000. At 2€Hg!,
growth rate was 6.0 %, which is far above the dlalvarage of 2.5%. This growth can be connectet slitft
from agriculture to industrial production. The myindustrialization withnessed by country has le@moncrease
in productive activities, which in turn facilitageenhouse gas emission, particularly,@missions. To show
the enormity of the problem, Saboori et al., (208iclose that in 2007, while the global averageCah
emission was 4.63 metric tons, Malaysian emissid@ was 7.32 tons, which is quite above the glabatage.
The Malaysian C@emission in 2011 stood at 7.9 metric tons, whias above the World average of 4.9 metric

tons. The continuous increase in £&€mission in Malaysia can be linked to continuoonsréase in energy
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consumption to facilitate productive activitiesrigcent times. This can be further observed from boergy
consumption in the country rose from 908 kg ofemjliivalent per capita in 1981 to 2, 799 kg of giliealent
per capita in 2012. From the forgoing, it can leensthat C® emissions and energy consumption have
continued to increase over time. At the same tithe, economic growth remains high and above World’s
average.

The relationship among these three interest varsald empirically investigated in this study. Thedy also
checks the existence of EKC in Malaysia. This tdphs been of great interest by many researchess taf
pioneer study of Kraft and Kraft (1978) who revehle one-way causality running from output to energy
consumption for USA. These researchers found differesults (see Saidi and Hammani, 2015; Ajmilet a
2015; Inglesi-Lotz et al., 2015; Sulaiman, 2014;r2013; Mugableh, 2013; Jalil and Mahmud, 200&jrQet

al., 2014; Chindo et al., 2015; Nasir and Rehm@fi,12Pao and Tsai, 2011; Lotfalipour et al., 20410y, 2008;
Wolde-Rufael, 2010). The mix nature of the outcoofethese studies therefore calls for further eroplri
investigation.

The remainder of the paper is structured as follo@sction two explains the theoretical frameworld an
methodology employed in the study. The results disdussions are presented in section three ofpiyer.

While section four concludes and discusses poécgmmendation.

2. Theoretical framework and M ethodology

2.1 Theoretical framework

The theoretical framework for this study is basadenovironmental Kuznets curve (EKC) hypothesis. fleory
states that at the early stage of the economiclalevent, pollution/environmental degradation inses until it
reaches particular level after which the trend wilirt reversing (see Figure 1). This asserts #iatery high-
income level, economic growth could result in tiimiovement of the environment. Mathematically repreed

as:
ED=a,+a,Y +aY? @)
whereED represents environmental degradation (pollutidhjs per capita income and is the turning point

level of income after which environmental degraatativill start falling with rise in income.

\ Turning point

Enwvironment Environment
worsens improves

Environmental Degradation

Per Capita Income

Figure 1. Environmental Kuznets curve
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2.2 Model Specification
To achieve our objective of investigating the rielaship between energy consumption, ;C&nission and
economic growth in Malaysia, we follow Omri (2018sed on environmental Kuznets curve (EKC) theady a

specified our model as thus:
INC, =17, +7,InY, +7,In Y +7,IN EN, +77,InTO, +¢, (2)

whereC, is CO, emissions measured in kg of oil equivalent peitaalY, is economic growth measured by
real GDP per capitalEN, is energy consumption[ O, is trade opennessé, is the error termin is the natural

logarithm, /7, is the intercept andj, -/7, are coefficients of the variables in the model.tAé data collected on

the variables for the period 1965-2015 (51 obs@mwaj} are sourced from World Bank database.

The impact of economic growth and energy consumptio CQ emissions are analyzed through Equation 2.
Wang et al. (2011) disclose that energy consumptmud increase COemissions. Energy use per capita is
used as a measure of energy consumption. Econaowtlgas hypothesized by environmental Kuznetseisv

directly associated with G@missions. A control variable of trade opennegsdsided in the model.

2.3 Method of Estimation
This study employs ordinary least squares (OLShowbf time series to achieve our objective. ibng of the
most common techniques of multivariate analysisS®as some important statistical properties thateniteone

of the most powerful methods of regression analydigse properties comprise the Gauss-Markov theofa

estimator such aﬁz (in Equation 3 for example) is referred to as tkethinear unbiased estimator (BLUE) of

B, if:
First property: it is linear. The estimator muselar function of a random variable.
Second property: it is unbiased. The mean (exppewdeE(/S,) , is equal to the true valug, .

Third property: it has a minimum variance in thass of all such linear unbiased estimators. An ased

estimator with the least variance is called arciffit estimator.
Y =Bt BX tg ©)
However Gauss-Markov Theorem states that, giverafisemptions of the classical linear unbiased ssge

model, the least-squares estimators, have minimaniance of the class of unbiased estimators, thahéy are

blue. Therefore, these assumptions will be captirélde diagnostic tests in this study.

3. Resultsand Discussion

Prior to estimating Equation 2, unit root and cegration tests were conducted to assess the drétgegration

of the variables and long-run relationship amoregrthrespectively. For unit root test, augmenteck&yeFuller
(ADF) and Phillips-Perron (PP) test statistics weammployed. While, for cointegration test, Johansen
cointegration test was employed. The results farnaot and cointegration tests are presented Wiela and 2,
respectively. The unit root test results in Tablshbws both ADF and PP test statistics indicaté dfathe
variables are stationary at level. Thus, givendtagionarity nature of the variables OLS can betrsagable

method for estimating Equation 2. The Johansent@giation test result reported in Table 2, suggthsisthere
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exist three cointegrating equations. This means tthe variables have long-run relationship. Conifignthe

long-run relationship among the variables, we catged to the estimation of our main model usingsOL

Table 1. Unit root test results

Level First Difference
ADF PP ADF PP
Variables Constant  Constant Constant Constant Constant  Constant Constant Constant &
& trend & trend & trend trend

INCO, ~ -8:523™" -8.433™ 8463 83T - - - -
(0.000)  (0.000)  (0.000)  (0.000)

InY, -6.203%%*  -6.214%% 6209  -6.214% - ; ] .
(0.000)  (0.000)  (0.000)  (0.000)

INEN,  -7.221%* -7.153"* .7.240%* -7.183* - ] . )
(0.000)  (0.000)  (0.000)  (0.000)

INTO, -5.236%** -5 ATE* 5108 5423wk . ] . )
(0.000)  (0.000)  (0.000)  (0.000)

Note: **indicates significance at 1% level. Pafeetes arp-values.

Table 2. Johansen cointegration test results

Hypothesized No of CE (s) Eigenvalue Trace Statisti p-value
None* 0.550 97.966 0.000
At most 1* 0.443 59.598 0.002
At most 2* 0.347 31.479 0.031
At most 3 0.199 10.974 0.213
At most 4 0.006 0.304 0.581

Note: *denotes rejection of the hypothesis (no wgjration) at the 0.05 significant level.

Next, we present the estimated result for our maadel specified in Equation 2, in Table 3. The leisdicates
that economic growth has significant negative refehip with CQ emissions. This suggests that £O
emissions decreases with an increase in economwetlyr Income-squared, which represents a turningt for
growth, yields a significant positive impact of €@missions. This indicates that at certain poineafnomic
growth in Malaysia, CO2 emissions will begin tornease with further increase in economic growth.eBasn

the obtained coefficients of income and income-sggiawe can safely conclude that EKC does not éxitie
case of Malaysia. Because, for EKC to exist, theffament of income and income-squared must beifiagmtly
positive and negative, respectively. However, wikatevealed in Table 3 is the opposite. The coieffic of
energy consumption is found to be positive butgnsicant. This implies that energy consumption sloet
increase C@emissions significantly. The control variable dgaopenness yields correct sign and is significant.

It entails that C@emissions increase with a rise in trade openndsishvis in accordance with the theory.
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Table 3. OLS estimated result of the impact of gp&onsumption and economic growth on &missions

Dependent variabldn CO,,

Regressor Coefficient t-statistigz-yalue)
InY, -3.489*** -4.840 (0.000)
InY?2 0.248*** 5.463 (0.000)

t
In EN, 0.237 1.618 (0.112)
InTO, 0.356*** 4.420 (0.000)
Constant 9.442%** 3.119 (0.003)
Adjusted R-squared 0.987
F-statistic 1013.956 (0.000)***
Durbin-Watson stat (DW) 1.529
Akaike info criterion (AIC) -2.370
Schwarz criterion (SC) -2.297

n =51 observations

Note: ***indicates significance at 1% level. Pafestes arp-values.

The adjusted R-squared (0.987), which is the atiefit of determinstion, indicates that the modejasd fit.
The F-statistic shows that all explanatory variabieluded in the model have joint explanatory poae CQ
emissions. The DW, AIC and SC show that the es@ithatodel is reliable.

To further assess the reliability and efficiencytlid model, the estimated model has been subjéatdifferent
diagnostic tests, whose results are presented oheT4 The diagnostic tests conducted included &ieu
Godfrey serial correlation LM test for autocorr@dat Ramsey RESET test for mis-specification, JarBera
for normality, heteroskedasticity test: Breuschdta@odfrey for normality, and CUSUM and CUSUM of
squares for stability. Their estimated results a¢e@ that the model passed all the tests as wedfadl reject
their null hypotheses at 5% significant level. VHBUSUM and CUSUM of squares illustrated in Figan? 3,

indicate that the model is fairly stable. Thus, th@del is acceptable for inference.

Table 4. Diagnostic test results

Diagnostic test F-statistic p-value
Breusch-Godfrey Serial Correlation LM Test 13.504 196
Ramsey RESET Test 1.387 0.245
Jarque-Bera 3.295 0.192
Heteroskedasticity Test: Breusch-Pagan-Godfrey 9.47 0.050
CUSUM Stable

CUSUM of Squares Stable
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Fig. 2. CUSUM test
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Fig. 3. CUSUM of Squares test
4. Conclusion and Recommendation

This study investigated the impact of energy comsion and economic growth on Ge&missions in Malaysia

from 1965 to 2015. Simple OLS method was employféer ainit root and cointegration tests were coneldct
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The results show that GOemissions decrease with an increase in econonuevthr and that EKC is
nonexistence. Energy consumption is found to hasggmificant impact on COemissions. Whereas trade
openness is shown to be influential in increasi@y €mission in the country.

Thus, policy makers must embark on economic pdithat will mitigate C@ emissions. Similarly, since trade
openness is found to be a driver of {&nissions in the country, trade related polidieg will reduce emissions

are needed.
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