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ABSTRACT

This paper examines dynamic causal relationships between pollutant emissions, energy consumption and output for a panel of 4 Asian (MMVT) 
countries over the period 1971-2005, except for Vietnam (1990-2005). In long-run equilibrium energy consumption has a positive and statistically 
significant impact on CO2 emissions. In the short term, changes in emissions are driven mostly by the error correction term and short term energy 
consumption shocks, as opposed to short term output shocks for each country. Short-term deviations from the long term equilibrium take from 
0.77 years (Myanmar) to 4.84 years (Malaysia) to correct. The panel causality results indicate there are energy consumption–emissions bidirectional 
strong causality and energy consumption–output bidirectional long-run causality, along with unidirectional both strong and short-run causalities from 
emissions and energy consumption, respectively, to output. Overall, in order to reduce CO2 emissions and not to adversely affect economic growth, 
increasing energy supply investment and energy efficiency, and stepping up energy conservation policies to reduce unnecessary wastage of energy 
can be initiated for energy-dependent MMVT countries.

Keywords: CO2 Emission, Error Correction Model, Malaysia, Myanmar, Vietnam and Thailand 
JEL Classifications: Q2, Q4

1. INTRODUCTION

The one of the essential engines of monetary development is 
energy consumption, and the energy utilization is related with an 
increase in CO2 emissions. Current studies, has more focused on 
the causality relation between environmental degradation, energy 
consumption and economic growth, as connected them with other 
indicators such as financial development, foreign direct investment 
(FDI) or trade openness (Keppler and Mansanet-Bataller 2010; Pao 
and Tsai, 2011; Ozturk and Acaravci, 2013). Meanwhile, in both the 
developed and developing economies the agriculture is always an 
important determinant of the economies. Environmental troubles 
particularly, the growth in earth temperature and change in climates 

has become more interest. Increase in world ocean temperatures 
and average air, extensive melting of ice and snow, and growing 
international standard ocean degree are a few evidences of 
international warming. The predominant greenhouse fuel is CO2 
emission, which is a international pollutant that causes 58.8% of 
worldwide warming and weather alternate (Bank 2007).

Dantama, Abdullahi et al. (2012), estimated electricity impacts 
all aspects of development containing monetary, social or even 
first-rate of lifestyles. Energy is likewise tested as an essential 
detail in the industrialization and advances generation Jumbe 
(2004). It became also determined that the multiplied in strength 
consumption indicates the high financial repute of a country, as 
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well as its function in fostering the productivity of exertions, 
capital, and different elements of manufacturing. Energy can 
be disaggregated into multiple elements which include oil, gas, 
energy, and coal. However, among those forms of strength, oil 
appears to be the maximum frequently used proxy for power 
within the past studies to decide economic growth both by 
means of thinking about the charge or the intake of the power 
itself, for example, (Masih and Masih (1996), Asafu-Adjaye 
(2000), Ozturk et al. (2010); Lau et al., (2011); Dahmardeh et al. 
(2012)). Even though many researches on energy economics use 
oil becomes as a proxy for energy, energy is also regarded as an 
amazing fine strength element as it helps a wide range of services 
and products that encourage increase in growth, Adom (2011). 
Excluding, oil projected as the slowest developing power for the 
next two decades Finley (2012). In recently, researchers carried 
out studies on the causality relation among economic growth and 
energy consumption. The effects are unique in all of the nation’s 
deliberate. Indonesia has a causal one way relation among energy 
consumption and economic growth, Hwang and Yoo (2014). For 
some extra studies, it’s miles that there is no causative relation 
among economic growth and energy consumption in Greece, 
Netherlands, Sweden, Spain, France, Italy and Portugal Xue et 
al. (2014). Some estimations have revealed two way causative 
relation between economic growth and energy consumption in 
India(Paul and Bhattacharya 2004) and Sri Lanka (Morimoto 
and Hope 2004).

Energy is an essential branch of the long term energy accessibility 
hypothesis which could change economic growth Stern (2011). 
Malaysia has high rates of energy consumption Due to the service-
based and manufacturing economy in Malaysia, (Lean and Smyth 
2014). As related by Lean and Smyth (2014), Islam et al. (2009) 
and Bari, Yusuff et al. (2012), the energy demand had increased 
rapidly in the past three years in Malaysia. The demand for 
energy in industry was increasing for above than 300% from 1985 
to 2015 this status is steady with the information in Malaysia 
energy records Hub. Hence, it is very clear evidence that there 
is an increasing growth in demand for energy in Malaysia. In 
Malaysia, there is very high economic growth, especially in the 
industry region involvement changed into approximately 38% 
of the entire GDP in 2016 Bank (2017). Malaysia is strongly 
dependent on fossil fuels. Unfavorably, Malaysia’s confirmed 
natural gas reserves and oil are projected to be exhausted within the 
future19 and 33 years, correspondingly if different measures are 
not revealed to maintain the reserves, Yusoff and Bekhet (2016). 
According, (Oh, Pang et al. 2010) also recognized that Malaysia 
becomes a nation of net oil importer through the year 2030. This 
scenario shows Malaysia to discover a different energy sources 
to replace the fossil fuels.

Vietnam is a one of the very fastest developing growing economies 
in Asia; it’s mean around 7.1% annual GDP growth from 2006-
2009, 6.8% in 2010, and 6.0% in 2011. However, rapid economic 
growth is usually accompa-nied by increase in energy consumption 
and may create unexpected results on environment and energy 
assets. Vietnam’s energy intake became four times higher in 2010 
than its consumption in 1980, growing from 14.39.

The impact of economic growth on environmental-pollutants, in 
addition to economic growth and energy consumption, has been 
purposefully examined experimentally during the last twenty 
years. Though, they found results remain argumentative and 
inconclusive to this point. The first catena is associated with 
testing the effectiveness of the Environmental Kuznets Curve 
speculation. The Environmental Kuznets Curve speculation 
estimates the impact of financial improvement on environment 
seems as an U shape inverted curve Ang (2007). It implies 
environmental-pollutants level growth as a rustic develop; 
however provoke to reduce as growing earning exceed faraway 
from a turning point. The Environmental Kuznets Curve (EKC) 
speculation became first determined and proved via Grossman 
and Krueger (1991). Dinda (2004) and Stern (2004) present 
analysis research of these findings. moreover these cases are 
consistent with Managi and Jena (2008), Dinda and Coondoo 
(2006), Martı́nez-Zarzoso and Bengochea-Morancho (2004) 
and Friedl and Getzner (2003). Though, greater country wide 
income does not always allow better efforts to keep the CO2 
emissions pollutants. Recently, Lee and Lee (2009) and Coondoo 
and Dinda (2008) offer evaluation of time series among income 
and CO2 to interpret the causality-path. The experimental 
findings arise to be indeterminate. The 2nd point is relevant to 
the growth and energy consumption link. This link shows that 
GDP and energy intake each are can be collectively expected, 
because better economic development calls for higher energy 
intake. In the same way, more energy uses need a more plane of 
economic-development. However, the causality route might not 
be predicted earlier. subsequent the fundamental study by Kraft 
and Kraft (1978), offer growing some studies have determine the 
observational records by means of the use of Granger causality 
and cointegration models. The modern-day research encompass 
the ones by (Pao, 2009), (Belloumi 2009), (Narayan and Prasad, 
2008; Narayan et al., 2008) and (Mehrara 2007).

In Accordance to the World Bank, GDP consistent with a country 
per capita is assessed into four classes: higher middle income, 
High earnings (GDP consistent with 12476 USD per capita 
or extra), low income (GDP in line with 1025 USD per capita 
or much less) and lower middle income (GDP consistent with 
1026 USD-4035 USD per capita). According to given category, 
there are 4 ASEAN nations that commonly represent the upper 
middle income countries are Malaysia and Thailand, Singapore is 
a high income country, and Myanmar and Vietnam are the lower 
middle income countries.

Various studies related to the connection with economic growth 
and CO2emissions Alam, Murad et al. (2016); Rezitis and 
Ahammad (2015); Abidin, Haseeb et al. (2015); Al Mamun, Sohag 
et al. (2014); Magazzino (2014). The each of the country studies 
has different results. There is a one way causative linkage among 
GDP growth and CO2emissions in France, Ang (2007) Pakistan 
Shahbaz et al. (2012), Bangladesh Alam, Begum et al. (2012) and 
South-Africa Menyah and Wolde-Rufael (2010). For some another 
findings, there may be no causative linkage between economic 
growth and CO2 emissions in Turkey Ozturk and Acaravci (2010) 
and the United States Soytas et al. (2007). Some another findings 
have determined a two way causative linkage between economic 
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growth and CO2emissions in India and Brazil (Pao and Tsai, 2011), 
South Korea (Kim et al. 2010).

The organization of this study is as following parts. Part 2 Data. 
Part 3 model and methodology. Part 4 provides the estimated 
results. Part 5 presents a final section discussion and polices, with 
concluding remarks.

2. DATA

Panel data is accumulated for 4 Asian nations from the WDI on 
their CO2 emissions, real GDP and energy use over the duration 
1971–2005, besides for Vietnam (1990–2005). Per capita CO2 
emissions are measure by using the flaring of fossil fuels and 
consumption. Per capita energy use is measured in oil-kg and 
Per capita real GDP is measured in 2010 US constant dollars. 
Table 1 gives a summary statistics without taking logarithm of 
three variables for every country. Myanmar having the very best 
in keeping with capita emissions approach (11.996) and energy 
use (4678.81), with the very high mean of real GDP per capita 
(3513.30) is in Malaysia. The very low mean of emissions per 
capita (1.048), energy use (428.80) and real-GDP (320.27) are 
in Vietnam. Myanmar has the very high variation in per capita 
emissions by the standard deviation (1.738), energy use (512.23) 
and real-GDP (236.23), even as Vietnam has the lowest variation in 
all variables. According to, for 4 Asian countries, Myanmar having 
the very high mean and variance of per-capita CO2emissions and 
energy use, even as the very low mean and variance for per-capita 
CO2  emissions, output and energy use is in Vietnam.

The Table 2 represents the growth-rates in percentage for 
all variables of MMVT (Malaysia, Myanmar Vietnam, and 
Thailand) countries. Five-year, ten-year and fifteen-year growth 
rates are estimated similar to growth between the years 1990 
to 2005, 1995 to 2005 and 2000 to 2005. Thailand had the very 

high fifteen (year), ten (year), and five (year) growth-rates in 
per-capita emissions (4.78%, 4.83%, and 9.99%), energy use 
(3.74%, 4.25%, and 8.54%) and real GDP (9.13%, 8.24%, 
8.88%). Malaysia had the minimum growth-rates in the recent 
five-years (2000to2005), in per capita CO2 emissions(0.18%), 
energy use(1.28%) and real- GDP(1.34%), which became in the 
world less than the growth rates for all variables. The data for 
these studies are to be had beginning from 1971, besides for 
Vietnam beginning from 1990 and Vietnam behave otherwise 
than the opposite three international locations, this studies 
makes use of panel statistics for the analysis both unbalanced 
MMVT and balanced MMT (Malaysia, Myanmar and Thailand) 
international locations. The MMT evaluation is completed as a 
check of robustness. For modeling purposes, to accomplishing 
the empirical estimation the data has been transformed into 
log form.

3. THE MODEL AND METHODOLOGY

3.1. The Model
The findings of studies in energy-economics, its miles logical 
within the long run relation among CO2 emissions, energy 
consumption and economic growth in linear logarithmic 
quadrate form with a vision of proofing the effectiveness of the 
Environmental Kuznets curve hypothesis (EKC) by way of the 
usage of panel statistics structure as follows:

LCOit oi iLECit iLGDPit iLGDP it it= + + + +β β β β ε1 2 3 2  (1)

Here t=1, T indicates the time-period and i=1, N indicates the 
country. The natural logaritham of the variables CO2 emission, 
total energy consumption and real GDP represents by employing 
the LCO, LEC and LGDP, respectively. The energy consumption 
anticipated has advantageous signal because a better degree of 
energy consumption must result in higher degree of economic 

Table 1: Summary statistics, 1990-2005 (without taking log)
CO2emission Energy-use RealGDP

Mean Standard deviation Mean Standard deviation Mean Standard deviation 
Malaysia 1.523 0.150 1142.34 66.43 3513.30 182.60
Myanmar 11.996 1.738 4678.81 512.23 1836.81 236.23
Vietnam 1.048 0.137 428.80 34.07 320.27 73.71
Thailand 3.662 0.487 912.07 150.7 734.004 334.62

Table 2: Average growth-rates for CO2emissions, energy-use and real GDP (prior to taking log) 1990 to2005
Malaysia Myanmar Vietnam Thailand The world

Panel A: CO2 emissions, in metrictons per-capita
15 year growth 1.73 2.34 3.18 4.78 0.36
10 year growth 1.24 0.25 2.65 4.83 0.92
5 year growth 0.18 1.28 2.26 9.99 2.17

Panel B: Energy use, equivalent oil in k.g per-capita
15 year growth 1.51 1.72 1.78 3.74 0.43
10 year growth 1.47 0.66 1.68 4.25 0.91
5 year growth 1.28 1.66 1.76 8.54 1.48

Panel C: Real-GDP US $2000 per-capita
15 year growth 1.24 0.52 4.29 9.13 1.41
10 year growth 0.87 4.31 4.81 8.24 1.71
5 year growth 1.34 6.70 5.29 8.88 1.48
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activity. According to the EKC hypothesis, the expected coefficient 
for β2 is to be positive, where the expected coefficient for β3 is a 
negative. If results shows the LGDP is statistically-insignificant, 
it indicates the linkage among per-capita CO2emissions and 
per-capita income in a monotonic increase(Halicioglu, 2009). 
The stochastic term indicates by u it is assumed to be errors are 
impartial and randomly distribute and its mean is zero and variance 
is constant.

3.2. Cointegration Methodology
The existences of a long run relation some variables are within the 
empirical analysis, we test for evaluation of Equation 1 at the same 
time as the ECM (Error-Correction-Model) takes the variables 
shortrun effects. There are three steps for estimation of the results. 
The 1st. step is to check the variables integration-order due to the 
co-integration assessments is in general applicable when order 
of integration is same for all the variables. The panel unit-root 
tests has four types, Im, Pesaran et al. (2003), Levin et al. (2002), 
Breitung (2001), and Fisher kinds of tests the usage of Augmented-
Dickey Fuller (FADF) (Choi 2001) (Maddala and Wu 1999);, are 
applied.

2nd-step is, while all variables has same order of integration, the 
Johansen Fisher (Kao 1999; Maddala and Wu 1999; Pedroni 1999, 
2004) techniques are applied to check the co-integration relation 
in panel. Engle and Granger (1987) Two step of tests co-
integration encompass Kao and Pedroni assessments, for testing 
no co-integration of null hypothesis in different panels Pedroni 
provides statistics are seven. These tests may be categorized as 
panel tests (within dimension) or group tests (between 
dimensions). These all tests are depend on errors from Eq1 and 
are alternatives of the augmented dickey-fuller are Phillips and 
Perron (1988) tests. The Kao-test indicates cross-section 
particular intercept and same co-efficient throughout the first-
stage, this test comply the fundamental approach similar as the 
Pedroni-tests. The test of Fisher is a combination of Johansen 
and Juselius (1990)-test. In case the variables are co-integrated, 
ordinary lest square (OLS) is implemented to ensure that the 
estimation of equation.1 doesn’t have spurious-regression results. 
The variables determined by ordinary lest square are highly 
consistent (Alves and da Silveira Bueno 2003). The consumption 
coefficients in long run energy are β1, β2 and β3, real-GDP and
�GDP2, correspondingly.

The final step, if all variables are included stationary at 
first difference and co-integrated, following Masih and 
Masih (1996), short run effects can be predicted by the 
Vector-Errors-Correction-model(VECM) recommended 
through using Engle and Granger (1987). within this technique, 
results of co-integration among the collection of variables 
manner so that there is exists a Error-Correction-Mechanism 
through such adjustments inside the established variables are 
modelled like a feature of the dis-equilibrium level within 
the co-integrating relation, capture via the ECT, in addition 
to adjustments inside the different independent variables to 
captured all short term linkage amongst variables. The Vector 
Error Correction Model (VECM) is constructed, for one country 
as follow:

∆ ∆ + ∆

+ ∆
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=
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−
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∑
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Where ECTt=LCOt-βo–β1LECTt–β2LGDPt–β3LGDPt
2.

Here t=1 and the time-period indicates by T, optimal-lag denotes by 
pi the estimated through the Schwarz-Bayesian-criterion(SBC), and 
vt is unrelated error-term. The More specification of the version, the 
ECT indicates the Error-Correction Term, and the sign   λ is provide 
an explanation for to be the speed of adjustment for all shocks main 
to version equilibrium in the long run. The Vector Error Correction 
Model (VECM) indicates each equilibrium in long run (with the aid 
of co-integration) and short run equilibrium (with the aid of changes 
in explanatory variables). Estimations for these models are OLS 
method of regression and the normality-tests for errors are estimated 
through the Jarque-Bera (J-B) (Jarque and Bera 1980) facts.

3.3. Granger Causality
Error Correction Model (ECM) and Vector Auto Regression (VAR) 
are frequently employed to explore the granger-causation among 
the variables. If all variables are at first difference order I.(1) by 
means of no cointegration, a vector auto regression in order of 
first differences the variables might be proceeded. If all variables 
had been to be co-integrated then Error Correction Model can be 
performed. The Vector Auto Regressive technique aimed by Toda 
and Yamamoto (1995) (there after T-Y) can be used for every 
autocratic degree of co-integration. It cannot entail awareness on 
co-integration. If instability exist then the same as to unless the 
variables are at level or first difference, VAR method is become 
conducted on the secure area (Zapata and Rambaldi 1997). The 
VAR technique is not appropriate in this article due to the fact each 
and every one variables are at first difference I(1) in Equation.1.

The presence of co-integration proved that here is association 
amongst the variables in at-least single long run equilibrium, and 
at least single direction Granger causality among them Oxley 
and Greasley (1998);Engle and Granger (1987). For improving 
disequilibrium in the cointegration association VECM is used, 
taken by the ECT, moreover long run and short run causality check 
amongst co-integrated variables. For panel causality take a look at, 
panel primarily based Vector Error Correction Model is as follow:
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Here t =1 and T  denote the time-period i =1 and N  denote the 
country, pij shows the optimal lags estimated via the SBC (Schwarz 
Bayesian criterion), ECT (Error-Correction-Term) is exposed in 
Equation 2 and the error-term indicate by e it is implicit that 
randomly distributed with a constant variance and zero mean. The 
WLS(Weighted Least Square) technique used for fixed-effects is 
employed for estimation of Equation.3; the various methods are 
accessible in E-Views for estimation of panel data. The Vector 
Error Correction Model applied for two causation sources: 1st is 
short-run causality (lag dynamic term) or 2nd is long-run causality 
(error correction term). In two causality sources, we be able to 
execute three dissimilar tests of causality, same as, short run no 
causality test, weak-erogeneity (long run no causality test) and 
tests for strong-erogeneity (Ang 2008).

In Equation 3, to check either real-output (growth) each in D-GDP 
and D-GDP2 cannot Granger cause energy-consumption (growth) 
or CO2emissions in the shortrun growth, we estimate the lagged 
dynamic term of significance with the aid of the null hypothesis 
testing together β β

13 14
0ip ip ip= = ∀, ,  or β β

23 24
0ip ip ip= = ∀, ,  the 

use of the Wald-Test. The null hypothesis rejection shows that 
output-growth granger causes energy-consumption (growth) or 
emissions (growth), in the short run. The causal determination 
from whether D-LCO or D-LEC to output (growth) (D-LGDP and 
D-GDP2), fractious equation limits can be conducted on 
Equations 3, 4. In case the null-hypotheses β31ip = 0, ∀ip and 
β41ip = 0, ∀ip are rejected then Short run Granger-causality from 
DLCO to real output is supportive, in case the null-hypotheses 
β32ip = 0, ∀ip and β42ip = 0, ∀ip are rejected then energy consumption 
to real output from causality is supportive Apergis and Payne 
(2009), (Masih and Masih (1996), Asafu-Adjaye 2000) explained 
dependent variable returns just to short-terms shocks to the random 
surroundings in fragile short run Granger causality.

The fragile exogeneity check of the structured variable, which is 
a perception of long run no causality check, implies pleasing the 

null-hypothesis θ1 0i i= ∀  for noncausality equilibrium in long run 
divergence in the preceding duration to emissions. For no causality 
equilibrium in long run divergence to real output, this calls for 
null hypotheses of non-rejection θ3 0i i= ∀  and θ4 0i i= ∀ . In Final, 
we will execute the dependent variable strong-exogeneity test, 
which impose more potent limitations through checking out the-
significance-jointly of each the lag dynamical conditions and Error 
Correction Term. This implies pleasing mutually Granger no 
causality and weak exogeneity. In precise, if the joint null-
hypothesis β β θ

13 14 1
0ip ip i ip= = = ∀  is not rejected, the real-output 

growth does not Granger cause emissions growth, if the joint null 
hypothesesβ θ

31 3
0ip i ip= = ∀  and β θ

41 4
0ip i ip= = ∀  are not 

rejected then the emissions-growth do not Granger cause real-
output-growth. This relation indicated to as strong granger 
causality tests Mehrara (2007), Mahadevan and Asafu-Adjaye 
(2007), Yoo (2005). Comparable reasons are possible for exploring 
either the real-output stronger granger cause energy-consumption. 
The jointly test specify certain variables accept the trouble of short 
run adjustments to reset up equilibrium in long run, as a result a 
shocks to the structure (Asafu-Adjaye 2000; Shiu and Lam 2004; 
Yoo, 2005; Yuan et al. 2007).

4. ESTIMATED-RESULTS

4.1. The Panel Co-integration Tests and Panel 
Unit Roots Test
In Equation 1 variables are examined by panel unit root tests of 
four types for balanced MMT and un-balanced MMVT (Malaysia, 
Myanmar and Thailand) panel-data, wherever the robustness check 
of MMT analysis can be used. The penal unit root testes FADF, LLC, 
IPS, and Breitung used a null hypothesis of a unit-root. The tests of 
FADF, LLC, IPS, and Breitung suppose that here is an individual’s 
unit-root technique through cross-section, and the alternate-hypothesis 
is use without unit-root means stationary. Findings of Appendix A for 
MMT and Table 3 for MMVT shows that each and all variables in 
Equation 1 arise to restrain a unit root of panel for their degrees, yet 
stationary at first differences, that they are incorporated at first order 
of integration(1). The robust-ness of un-balanced unit-root panel test 
is examined through the findings of Appendix A.

The four variables are at first order of integration, the panel co-
integration among CO2emissions and other sporting variables are 
verified by tests of Kao, Pedroni and Fisher for balanced MMT 
and un-balanced MMVT panel-data, the findings of these panels 
are displayed in Table 4 and Appendix B. The findings of Pedroni 
test expose the null hypothesis rejections of no co-integration for 
each test at 5% level or best significance level excluding for the 
group and panel R-tests and panel U-test. Hence, in accordance 

Table 3: Unit root test results
Liven-Lin-Chu Breitung Im-Pesarn-Shin FADF

Level First-diff Level First-diff Level First-diff Level First-diff
L.CO −0.03 −4.1*** −0.1 −5.1*** 0.07 −4.0*** 7.9 39.5***
L.EC −0.8 −4.3*** −0.5 −5.1*** −1.1 −4.0*** 4.3 36.2***
L.GDP −0.8 −3.2*** 1.4 −3.3*** 0.2 −5.0*** 8.35 39.6***
L.GDP2 −0.7 −3.7*** 1.3 −3.9** 0.9 −4.4*** 6.1 41.9***
The lag selection is base on SBC. *** indicates that the null-hypothesis rejection at 1% significance levels



 Phrakhruopatnontakitti, et al.: Energy Consumption, Economic Growth and Environmental Degradation in 4 Asian Countries: Malaysia,  
Myanmar, Vietnam and Thailand

International Journal of Energy Economics and Policy | Vol 10 • Issue 2 • 2020534

with Pedroni (2004), Pedroni three check statistics cannot rejected 
the null hypothesis might also have a extremely small down control 
inside the casing of little time proportion. The reality is likewise 
with Al-Iriani (2006). Consequently the variables in Equation 1 
can conclude that are in reality co-integrated panel. The test of 
Kao also indicates co-integration in penal at 1% significance level. 
Similarly, Johansen-Fisher test indicates the presence of two vector 
cointegration at 5% significance level. Generally CO2 emissions, 
GDP, GDP2  and energy consumption have strong statistical 
essentials in support of panel co-integration for MMVT countries. 
The identical findings are exposed in Appendix B for MMT 
countries. The cointegration equation of penal can be written as

LCO = -15.18 + 1.85LEC + 1.35LGDP - 0.12LGDP2

 (-14.4)*** (13.7) *** (6.2) *** (-6.7) ***  (4)

Wherever the statistics in brackets indicate standard-errors and 
*** denotes 1% level of significance. JB-statistic determined that 

errors are distributed normally. R2 value is 0.995 which means 
that model is 99% good fit. The un-balanced and balanced panel 
in the long-run estimations is exposed in Table 5 through last two 
columns. The robustness of un-balanced panel co-integration tests 
is verified with the findings of Appendix B.

4.2. The Panel Estimation in Long Run and Short Run
The presence of a co-integration association among the variables, 
the second step is to estimation of the long-run and short-run results 
of Equations.1 and 2. The long run estimation of the effect of output 
and energy consumption on CO2emissions for all MMVT countries 
and for both balanced MMT and unbalanced MMVT are presented 
in Table 5. The errors were distributed normally for each of the six 
equations, as estimation with the JB statistics, wherever the auto-
regressive conditional heteroscedasticity GARCH model is employed 
to manage heteroscedasticity in the residuals for the equation of 
Thailand. Energy consumption results evaluated from Equation. (1) 
with Country specification are all above then unity and significant at 
1%. The effects range from 1.23 for Thailand and 1.55 for Vietnam. 
Real-GDP results are varied by the significant and positive values for 
Vietnam and Thailand, significant and negative values for Myanmar 
and insignificant for Malaysia. The GDP2 results show significant and 
negative values for Vietnam and Thailand, significant and positive 
values for Myanmar and insignificant for Malaysia.

The panel results for each variable, declared in Table 5 in the last 
two columns indicate that each and every variable is significant 
at 1% level from Equation.1. The long run panel results For 
MMVT unbalanced panel data of CO2emissions with appreciate 
to energy consumption, is more than then one (1.85), denotes that 
1% raise in per-capita energy consumption leads per-capita raise in 
CO2 emissions through 1.85%. The findings show that the turning 
point of the Environmental Kuznets Curve appears at a level of 
income 5.39 (=1.35/0.25, in logs). These findings are in line with 
Apergis and Payne (2009) and Ang (2007), the estimated findings 
of the Environmental Kuznets Curve hypothesis are favorable 
for the level of CO2emissions through income 1st rise, stable, and 
after that decrease. Wagner (2008), estimated that an inverted U 
shaped linkage among GDP growth and CO2emissions is not in 
long term significant. These results suggested that a very high 

Table 4: The findings of the un-balanced panel co-
integration tests for MMVT countries

Pedrono test
Test statistics Statistics
Panel v stat(weighted statistic) 0.24
Panel ρ stat (weighted statistic) 1.41
Panel PP stat (weighted statistic) −1.67**
Panel ADFstat (weighted statistic) −1.97**
Group ρ.stat 2.21
Group PP.stat −7.61***
Group ADF.stat −2.26**
Kao-test
ADF.stat. −3.20 (0.00 )***

Johansen-fisher test
Null hypothesis Maximum-

eigen.value
Trace.value

R=0 57.7 (0.000)*** 65.7 (0.000)***
R≤1 17.4 (0.01)** 21.5 (0.007)***
R≤2 11.3 (0.24) 8.01 (0.35)
R≤3 4.5 (0.89) 4.5 (0.89)
Lags are selected by using SBC. In this table R show the numbers of co-integrating 
equation. ***indicates the null hypothesis rejection at 1% significance level. **indicates 
the null-hypothesis rejection at 5% significance level 

Table 5: CO2 emission long-run estimation
Malaysia Myanmar Vietnam Thailand

Intercept −46.59 (-1.27) 19.89** (2.39) −34.98*** (−10.21) −10.19*** (114.8)
LEC 1.31*** (3.68) 1.39*** (29.60) 1.55*** (3.99) 1.23*** (77.6)
LGDP 9.56 (1.07) −7.53*** (−3.46) 8.47*** (5.09) 0.88*** (245.8)
LGDP2 −0.60 (−0.15) 0.48*** (3.36) −0.69*** (−5.51) −0.06*** (-283.3)
R2 0.87 0.99 0.99 0.99
JB 1.63 1.58 0.007 0.16
p-value 0.44 0.45 0.99 0.92
Panel (MMVT) Panel (MMT)
-15.18*** (-12.81) −17.37*** (−24.44)
1.85*** (13.23) 1.95*** (25.97)
1.35*** (5.73) 1.88*** (9.51)
-0.12*** (-5.96) −0.16*** (−9.88)
0.99 0.99
0.02 0.27
0.98 0.87
Figures in parenthesis denotes T-statistics and Z-statistics, appropriately. ***denotes 1% significance level. **denotes 5% significance level
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reactivity of CO2emissions to variations in energy-consumption 
and real. GDP in long run.

The short run results found in Table 6 are estimated by 
Error-Correction-Model in Equation 2 for MMVT countries. 
Besides for Vietnam, the selected optimal lag is one, based on SBC, 
by normally distribution of errors as estimated by JB-statistic, the 
GARCH model (2,0) is applied on Vietnam equation. R2 shows 
ranges from 0.65 for Vietnam to 0.76 for Malaysia.

The short run results values are lesser than the long-run values. The 
short-run finding shows that the coefficients on energy consumption 
are significant and positive at 1% level, besides for Vietnam its 
coefficients is insignificant and positive. The coefficients for real 
output is mostly statistically insignificant. The ECT estimated 
coefficient is significant and negative at 10% level or best for 
four MMVT countries. The value of the ECT is arrangements 
from disequilibrium to equilibrium. The ECT coefficient indicates 
that how much time required for variation from dis-equilibrium 
to come back to equilibrium. Thus, Myanmar can get as small as 
now more than nine-months(0.77years) (Myanmar) to come back 
on equilibrium, or as longer as 5.84years(Malaysia).

4.3. Panel Causality-tests
The presence of a long-run co-integration linkage amongst 
CO2 emissions, GDP, energy- consumption, and GDP2 �suggested 

that there should be minimum one direction granger causality. The 
causality test findings from Equation.3 with the use of E-Views 
are shown in Table 7 used for MMVT countries. A 10% level of 
significance is assumed in this paper. The short-run results suggest 
causal relation in unidirectional among CO2 emissions, 
energy-consumption and in real-output and here is bidirectional 
causal relation among energy-consumption and CO2emissions. 
The Error-Correction-Term co-efficient are significant in GDP2 
and energy-consumption. CO2emissions and energy consumption 
in the long-run Granger cause real output and mutually CO2 
emissions and real output Granger-cause energy consumption. 
The Granger endogeneity confirmed in all variables by joint Wald-
Test findings in columns 6, 8 of Table 7. The energy consumption 
significances result of interactional terms of vary, by the CO2 
emissions, ECT and GDP �equations recommend that, in the jointly 
short run and long run, energy-consumption is strong granger 
causes the CO2emissions and output-growth. In a same way, 
findings suggested that CO2emissions strong granger cause the 
energy-consumption and output-growth. This shows that when 
the shocks appear in organization, CO2emissions and energy-
consumption accept the trouble of adjustment in short run to 
reestablish equilibrium in long run. Though the GDP result is 
insignificant in interactive terms, by the ECT, CO2emissions and 
energy-consumption equation it imply that here is no stronger 
granger causality as of output-growth to CO2emissions and 
energy-consumption. Therefore, we can conclude that according 

Table 6: CO2 emissions short run findings for all of the MMVT countries
Malaysia Myanmar Vietnam  Thailand

Intercept −0.002 (−0.41) −0.003 (−0.45) 0.02** (2.44) −0.01 (−1.10)
∆LCO (−1 ) 0.42** (2.33) 0.68* (2.04) −0.41** (−2.08) 0.22 (1.09)
∆LEC 0.93*** (3.2) 0.98*** (4.05) 0.12 (0.40) 1.14*** (7.68)
∆LEC (−1) −0.78** (−2.12) −0.86* (−2.10) 0.59* (1.75) −0.04 (−0.16)
∆LEC (−2) - - 0.64** (1.97) -
∆LGDP 7.64 (0.62) −1.33 (−0.37) 0.17 (0.10) 0.58 (0.46)
∆LGDP (−1) −6.73 (−0.66) 1.05 (3.30) - 0.36 (0.28)
∆LGDP (−2) - - 10.9*** (4.1) -
∆LGDP2 −0.44 (−0.55) 0.08 (0.36) 0.02 (0.18) −0.02 (−0.22)
∆LGDP2 (−1) 0.42 (0.67) −0.05 (−0.24) - −0.04 (0.34)
∆LGDP2 (−2) - - −0.99*** (−4.2)-
ECT (−1) −0.17* (−1.98) −1.29** (−2.82) −0.28** (2.44) −0.80*** (−3.13)
R2 0.76 0.98 0.65 0.86
P-value 0.71 0.77 0.24 0.50
JB 0.66 0.51 2.79 1.35

Short run elasticities 
LGDP 0.90-0.03GDP −0.28+0.05GDP 12.17-1.9GDP*** 0.95-0.13GDP
LEC 0.154*** 0.116*** 1.37 1.10***
Adjustment (years) 4.84 0.77 4.53 2.24
Figures in brackets denotes that t-statistics and z-statistics, appropriately. ***denotes 1% significance level. **denotes 5% significance level. *denotes 10% significance level

Table 7: Findings of un-balanced panel-tests of causality for MMVT countries
Dep. var. Causation of independent variables

Short run Long run (short run/long run) R2

∆LCO 
F-statistics

∆LEC ∆LGDP  and 
∆LGDP2

ECT 
t-statistics

∆LCO,ECT 
F-statistics

∆LEC,ECT ∆LGDP and 
∆LGDP2 , ECT

∆LCO 6.96 (+)*** 1.09 -0.16 3.60** 1.41 0.72
∆LEC 1.69 (+)* 2.01 1.89* 4.60** 1.69 0.87
∆LGDP 6.28 (-)*** 8.60 (+)*** -1.57 6.27*** 7.45*** 0.84
∆LGDP2 5.31 (-)** 7.83 (+)*** -2.03** 5.52*** 7.17*** 0.80
The lag selection is base on SBC. *denotes10% significance level, **denotes5% significance level, ***denotes1% significance level
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to the overall results,: (1) here is a bi-directional stronger 
Granger-causality in energy consumption and CO2emissions; 
(2) here exists bi-directional long-run relation between energy 
consumption and real output, although here is a causal relation 
between energy consumption to real- output in short run; (3) here 
exists stronger causal relation from CO2emissions to real output 
and the effect of CO2emissions on real output is significant and 
negative. The results of unbalanced panel causality testes in 
robustness are verified with the findings of Appendix C.

5. DISCUSSIONS AND POLICES

The study investigates a long-run equilibrium relation among 
CO2 emissions, energy consumption and real-output used for the 
MMVT countries panel. The policy-makers must be known of 
panel evaluated elasticities of energy-consumption and real output, 
are significant at 1%-level in the long term, however highlight 
the value of these two variables in serving to give details on CO2 
emissions.

During the long-run from CO2emissions to output the results of 
causality are favorable of CO2emissions energy-consumption and 
output energy-consumption in bi-directional causal relation and as 
well as uni-directional causal relation. These findings pose main 
issues for policymakers to MMVT countries. The Granger causality 
in bidirectional results among energy-consumption and real output 
indicates that energy-consumption and economic-growth are 
jointly estimated. These developing nations are energy dependent 
nations, in a panel. This result is same as to the results of Ang 
(2008), Oh and Lee (2004), Mahadevan and Asafu-Adjaye (2007), 
Apergis and Payne (2009). The economic growth in low level 
brings to energy demand in low level and economic growth in 
high level brings to energy demand in high level. The estimation 
also indicates that energy consumption and CO2emissions 
accept the trouble of the short-term adjustments to reestablish 
long term equilibrium level. Therefore the economic growth 
may restrain by shortage of energy consumption infrastructure. 
Industries productions such as transportation, construction and 
manufacturing, demands a large quantity of energy-infrastructure. 
Increase in real GDP required huge energy-consumption. The 
policies for energy consumption that plan at decrease energy use 
exclusive of moving the end use advantages should relatively 
find-out ways of decreasing consumer demand.

The estimated results of strong bidirectional Granger causal 
relation between energy consumption and CO2emissions shows 
that energy consumption increase leads to emissions increase, 
particularly in the fossil fuel consumption. Therefore, policies 
appear to be a dynamic way to reduce CO2emissions with 
decreasing demand for energy in MMVT countries. The results 
of bidirectional causality of CO2emissions energy-consumption is 
in line by the experiential finding of Halicioglu (2009), although 
contradict from that of (Zhang and Cheng 2009).

In addition essential finding is that the sum up of the coefficients 
lag on CO2emissions is negative and CO2emissions strongly 
Granger-cause real-output, however the inverse is cannot accurate. 
These results suggests that environment degradation has a causative 

effect on economic growth, and a consistence decrease in value 
of environment can strive a negative externality to the economy 
throughout effect on human health, and also decrease production 
in long run. The reduction in emissions pollutant, the perfect 
level of pollutants in environment that it creates and imported 
through industries and areas must be estimated for all countries, 
and solutions are depend on market in the type of taxes pollutant 
could reduce the volume of this trouble Halicioglu (2009). The 
causality empirical results outline is in line with Ang (2008), but 
contradict by Halicioglu (2009), Ang (2007), Apergis and Payne 
(2009). In conclusion, demands of energy decreasing, efficiency 
energy increasing and energy supply investment could be activated 
by never harmful effect on the MMVT countries economic growth 
and it could be decrease CO2emissions. In the similar time period, 
motivate industries to take up new technologies to reduce pollution 
with the intention to stand by way of the guidelines of the post-
kyoto-protocol.

6. CONCLUDING REMARKS

This study is an attempt to analyze the determining-factors of CO2 
emissions with the four Asian (MMVT) countries and using data 
over the period 1971–2005, excluding for Vietnam (1990–2005). 
The estimation of CO2emissions and to explore the sensitivity 
problems of energy consumption and real-output in long-run and 
short-run the Panel cointegration techniques were applied. The 
ECM was use to attain the short run results for all countries. The 
multi-variate Vector Error Correction model was applied to confine 
the un-balanced panel dynamic relations between the variables.

The analysis of results discovered definite properties of MMVT 
countries CO2emissions. First the estimation finding out the 
equilibrium in long-run relation among, CO2emissions energy 
consumption and real-output for MMVT, countries. Second, the 
energy consumption in long-run is significant and computed to 
be higher than one for four countries of MMVT. These results 
recommend that responsiveness of higher energy consumption to 
variations in CO2emissions. Third, the real-output for four of the 
MMVT countries shows an inverse U-shape significant relation. 
The estimated findings are supported of the Environmental 
Kuznets Curve hypothesis; CO2emissions first increase, stabilize 
and then decrease with real-output. Therefore a real-output increase 
essentially CO2emissions decrease while the environmental 
demand for value increase and such economies growing. Fourth, 
the short-term energy consumption has significant effect for three 
countries and positive effect for each of the four MMVT countries. 
Real-output results are mostly in-significant in Short-run. The 
results show that response of emission to both real output and 
energy consumption could be large in the long time then inside 
the short term.

The better policy implication for energy consumption and economic 
growth is to raise effectiveness of energy and supply outlay and to 
set up energy-consumption policies to decrease inessential wasted 
of energy. Generally, through the development and approach 
of economic-background in 4 Asian (MMVT) countries, for 
energy-dependent developing country the environmental policy 
should be applicable.
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APPENDIX

Table A1: Appendix A. Balanced panel of unit root tests for MMT countries
Liven-Lin-Chu  Breitung Im-Pesarn-Shin FADF

Level First-diff Level First-diff Level First-diff Level First-diff
LCO −0.2 −5.1*** 0.2 −2.7*** −0.3 −4.2*** 5.3 26.2***
LEC 2.4 −6.4*** 0.7 −4.6*** 2.2 −5.1*** 0.5 36.4***
LGDP 1.2 −2.1*** −1.1 −3.5*** 2.7 −2.8*** 1.3 34.7***
(LGDP) 2 2.4 −3.8*** −0.04 −1.005** 3.5 −2.8*** 1.1 35.06***
The lag selection is base on SBC. ***indicates the null-hypothesis rejection at 1% levels. **indicates the null-hypothesis rejection at 5% levels

Table B1: Appendix B. Balanced panel of co-integration tests for MMT countries
Pedrono test

Test statistics Statistics 
Panel ρ-stat. (weighted statistic) −0.36
Panel v-stat. (weighted statistic) −0.07
Panel ADF-stat. (weighted statistic) −2.75***
Panel PP-stat. (weighted statistic) −1.20**
Group PP-stat. −4.11*** 
Group ρ-stat. −0.61
Group ADF-stat −5.38***
Kao test 
ADF-stat −3.66 (0.000 )***

Johansen Fisher test 
Null-hypothesis Maximum-eigenvalue Tracevalue
R=0 38.5 (0.000)*** 46.5 (0.000)***
R≤1 12.7 (0.06)** 15.1 (0.02)**
R≤2 9.3 (0.21) 5.9 (0.32)
R≤3 2.7 (0.93) 2.7 (0.9)
The lag selection is base on SBC. R indicates the cointegratinon equation. ***denotes the null hypothesis rejection at 1% level. **denotes the rejection of null hypothesis at 5% level. 
*denotes the rejection of null hypothesis at 5% level

Table C1: Appendix C. Balanced panel of causality tests for MMT countries
Dep var. Causation of independent variables

Short run Long run (Short run and long run) R2

∆LCO 
Fstatistics

∆LEC ∆LGDP 
and ∆ LGDP2 

ECT 
t-statistics

∆LCO, ECT 
F-statistics

∆LEC, 
ECT 

∆LGDP and 
∆ LGDP2, ECT 

∆LCO 9.73 (+)*** 1.42 0.06 5.45*** 1.30 0.73
∆LEC 0.15 (−)* 0.32 2.66** 3.66** 3.8** 0.83
∆LGDP 10.27 (−)*** 20.26 (+)*** −0.92 8.41*** 14.09*** 0.74
∆LGDP2 46.13 (−)*** 122.20 (+)*** −4.31*** 23.70*** 62.43*** 0.90
The lags are selected using SBC. **denotes significance level at 5% level. ***denotes significance level at 1% level


