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Abstract

This study aims to examine the role of education on CO> emissions in Malaysia from 1974 to
2014. The unit root tests indicated that the variables were integrated in the same order. As such,
the Johansen Co-integration Approach can be employed in this empirical analysis to analyze the
impacts of the selected variables. The long-run estimation revealed that economic growth (GDP)
and energy consumption (ENERGY) has a negative effect on CO; emissions. Meanwhile,
secondary school education (EDU) demonstrated a significant positive relationship with
environmental degradation in the long-run. This can be inferred that secondary school education
has a negative effect on environmental quality. However, a negative relationship was found
between CO; emissions and economic growth in the long-run. Besides that, this study had
highlighted a positive association between gross fixed capital (GFC) and CO; emissions. The
findings from this study shed light on the vital importance of education in affecting environmental
degradation. Empirical evidence suggested that the current education system will need to be
redesigned for the reduction of CO» emissions in the future. This is supported by the result
that indicated the secondary level education promotes higher consumption of technologies
that emit pollutants rather than promoting environmental awareness.

Keywords: Environmental degradation; Johansen cointegration; Education; Energy consumption

Introduction

The increase in CO> emissions has exerted
much pressure on global environmental issues.
Following this, many researchers had attempted
to analyze the main causes of such increased
emissions. A plethora of empirical studies has
largely considered the Environmental Kuznets
Curve (EKC) and other factors such as energy
consumption, growth of population, trade open-
ness, financial development, among others.

https://doi.org/10.35762/AER.2021.43.4.9

Although these past studies had provided con-
tributions that explained the determinants of
CO2 emissions, however education as an im-
portant driver in the development of human
capital and clean technology was largely omitted
from the analysis [1].

UNESCO [2] advocated the importance of
education and learning as a catalyst in solving
environmental problems. The level of education
can improve the economic condition of any
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economy while raising the environmental aware-
ness among the people [3]. Meanwhile, Pfeiffer
and Mulder [4] advocated that high schooling
levels can accelerate the diffusion of renewable
energy technology. Similarly, Jin et al. [5] agreed
that individuals that gained more skills and
knowledge can create sustainable environmental
technologies that would reduce pollution problems.
Pablo-Romero and Sanchez—Braza [6] further
supported that human capital helps to reduce
environmental pollution issues by shedding light
on the substitutability relationship between
human capital and energy consumption.

Despite the significance of education in re-
ducing environmental degradation, the studies
that involve the education variable remain rela-
tively scarce and limited. Besides, past researches
have been reporting inconsistent and conflicting
results. For example, Gangadharan and Valenzuela
[7] and Hill and Magnani [8] reported a positive
relationship between education and environ-
mental pollution. Meanwhile, Danish et al. [9]
concluded that human capital does not contri-
bute to environmental quality in the long-run.
Similarly, Williamson [10] and Ehrhardt-Martinez
et al. [11] revealed an insignificant relationship
between the two variables instead. On the other
hand, Eyuboglu and Uzar [1] indicated a statis-
tically negative relationship between education
and CO; emissions. Hence, suggesting that higher
education can be used to overcome environ-
mental problems.

Muhammad [12] draws light to the competing
theoretical possibilities of the role of human
capital in determining the environmental quality
of a country. For countries with very low educa-
tion levels, an increase in enrolment will likely
accelerate the use of non-renewable energy
resources which aggravates environmental de-
gradation. However, when the enrolment traverse
to certain threshold levels, an increase in enrolment
would increase the utilization of environment-
friendly products and increase awareness among
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the population of the need to promote environ-
mental sustainability.

This study would be similar to that of Balaguer
and Cantavella [13] by considering education in
the EKC model. As such, the assumption by past
researches that the increase of education rates
would affect the environment in a single direc-
tion will be relaxed in this study. Instead, the
research will be based on the two competing
theories that explained the relationship between
education and environmental degradation. The
main contribution of this study would be to fill
the literature gap by examining the role of
education on CO2 emissions in Malaysia. This
paper will further contribute to the literature by
examining the influence of education on the
environment within the EKC model.

Besides that, this study will particularly focus
on secondary education enrolment as most popu-
lations benefited from this level of education and
are more aware of environmental problems through
the knowledge gained at this education level.
Besides, secondary level education is the most
suitable indicator to show the level of human capi-
tal stock for developing countries [ 14]. Lastly, this
study will also seek to analyze the other deter-
minants of environmental degradation in Malaysia.
The remainder of this paper is organized as follows.
Section 2 presents the literature review, Section
3 will discuss the methodology employed in this
study, Section 4 presents the findings, and Section
5 provides the conclusion.

Literature review

Most of the literature in the past such as [15—
16] had focused on exploring the determinants
of carbon dioxide emissions by examining it
against the theory of the EKC. The EKC theory
indicated that there is an inverted U-shaped
relationship between economic growth and CO>
emissions. The EKC theory explained that the
development of a country as it becomes more
industrialized will result in higher pollutants
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emission. However, the changes in the econo-
mic structure as the country becomes wealthier
will lead to the reduction of emissions. This has
led to several studies that had been conducted to
examine the links between environmental de-
gradation and economic growth. Chin et al. [15]
had pointed out that economic growth is the
main contributor to carbon emissions (CO2) in
Malaysia by employing the ordinary least squares-
based autoregressive distributed lag (ARDL)
method. Similarly, Mugableh [16] corroborates
that EKC hypothesis supported the relationship
between economic growth and CO; emissions
in Malaysia. These studies appeared to confirm
the validity of the inverse U-shape relationship
between CO, emissions and economic growth
in Malaysia.

Further studies [17-19] had included the
energy consumption to test the EKC model.
Sharma [17] pointed out that energy consump-
tion has a significant positive effect on CO>
emissions. Higher consumption of energy would
contribute to the increase in emissions. In
another study by Vo et al. [18], the level of CO>
emissions was found to have a positive asso-
ciation with energy consumption in Malaysia
and Myanmar. Similarly, Adebayo and Kalmaz
[19] revealed a significant and positive inter-
action between energy consumption and CO»
emissions in Egypt. This shows that energy con-
sumption deteriorates the environmental quality.
In contrast, Alkhateeb et al. [3] posited that energy
consumption has a negative short-run effect on
the CO2 emissions in Saudi Arabia.

Table 1 Summary of literature review
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Meanwhile, some studies have also included
gross capital formation in their investigation of
the EKC theory. On a separate note, Adebayo
and Kalmaz [19] shed light that there is no evi-
dence of a significant link between gross capital
formation and CO> emissions. Meanwhile,
Etokakpan et al. [20] indicated a positive and
statistically significant trend association is
observed between gross capital formation and
CO; emissions. This finding seems to be con-
sistent with the explanation by Yao et al. [21].
If physical capital investment is used to imple-
ment innovations, it could exacerbate CO;
emissions [20]. The increase of physical capital
investment therefore could worsen the envi-
ronmental quality instead.

Higher education attainment has a positive
effect on environmental quality as an educated
population would be more likely to demand green
products [22]. Besides, investment in human
capital through education may decrease energy
used in the production process. Education is
required for people to understand better of envi-
ronmental risks [23]. Besides, human capital
helps improve techniques as well as promote
innovations [24]. The positive impact of human
capital on CO; emissions was supported by a
number of studies such as Gangadharan and
Valenzuela [7] and Cole et al. [25]. It is cited,
therefore, that the increasing levels of education
may raise environmental awareness that con-
tributes to the emergence of the EKC theory.
Hence, there is a need to include human capital
within the analysis to test the EKC model.

Author(s) Sample

Method

Finding

Economic growth — Carbon dioxide emissions

Chin et al. (2018) Malaysia

Autoregressive distributed
lag and decomposition-type

Economic growth is the main
contributor to CO, emissions

threshold method
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Table 1 Summary of literature review (continued)
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Author(s) Sample Method

Finding

Mugableh (2013) Autoregressive distributed
lag

Malaysia

Energy consumption is
positively associated with
GDP. On the other hand,
energy consumption is
positively associated with CO,
emissions. The higher GDP,
therefore, increases the CO»
emissions.

Sharma (2011) 69 countries  Panel ordinary least squares

(OLS)

Per capita GDP and energy
consumption have positive
effects on CO, emissions.

Vo et al. (2019) ASEAN Johansen cointegration EKC hypothesis observed in
countries approach, the bounds- Myanmar but not in Indonesia
(Indonesia,  testing approach to and Malaysia.
Myanmar,  cointegration, Granger
Malaysia, the causality test
Philippines
and Thailand)
Determinants of carbon dioxide emissions
Adebayo and Egypt ARDL bounds test Positive significant interaction
Kalmaz (2021) between energy consumption
and CO; emissions. Besides,
GDP growth impact CO»
emissions positively.
Etokakpan et al. Malaysia ARDL approach and Increase in energy
(2020) Granger Ccausality consumption increases
approach economic growth. In addition,
a positive collaboration can be
found between gross capital
formation and economic
growth. Positive empirical
evidence between economic
growth and CO, emissions.
Alkhateeb et al. Saudi Arabia ARDL approach Energy consumption has positive
(2020) effect on CO, emissions.

Education — Carbon dioxide emissions

Yao et al. (2020) 20 OECD  Linear estimation dummy Human capital complement
countries variable estimation physical capital formation in

(LLDVE) method abating CO; emissions.

Goetz et al. (1998)  United States Instrumental variables Rising education attainment
estimation has independent positive effect

on environmental quality.
Ulucak and Bilgili 15 countries =~ CUP-FM and CUP-BC Environmental degradation will
(2018) estimation decrease as human capital increases.
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Table 1 Summary of literature review (continued)

Author(s) Sample Method Finding

Audi et al. (2016) Lebanon ARDL bound test method Significant negative relationship
between secondary school
education with environmental
degradation.

Mahmood et al. Pakistan Three-stage least square and ~ Human capital mitigates CO;

(2019) ridge regression method

Williamson (2017) 181 countries Regression Insignificant finding on the

relationship between education
levels and emission outputs.

Bashir et al. (2019) Indonesia

model

Vector error correction

No causal evidence from the
human capital towards CO,
emission in the long-run.
However, human capital
granger cause CO; emission in
the short-run.

Latin
America

Sapkota and

Bastola (2017) (OLS)

Ordinary least squares

Increase in human capital
reduces pollution for low-
income countries. However,
increase in human capital for
high-income countries lead to
higher level of pollution.

Methodology

This paper will focus on examining the in-
fluence of education on environment degrada-
tion within the EKC model. By integrating the
education variable into the theory of EKC, a
newly adjusted empirical model is formed to
investigate the effect of education on the
environment in Malaysia from 1974 to 2014.

1) Theoretical model

The EKC theory indicates the interconnection
between real output and CO; emission that
demonstrates an in-verted U-shape, suggesting
that an increase in CO; emission as real GDP
increases at the early stages of growth and a
decline in pollution emissions as the real output
increases [19]. It is believed that as a country
begins to develop, they become more indus-
trialized. Thereby, increasing the pollutants emis-
sions. However, the increase of wealth will
changes the economic structure eventually which

then promote cleaner industrial practices [10].
Besides that, improvement in environmental
regulations, technological advancement, and better
public awareness could reduce environmental
pollution.

Human capital is often associated with envi-
ronmental services. Formal education attainment
is frequently used as a measure of the stock of
human capital. It is hypothesized that formal
education may promote awareness and a better
understanding of the cause-and-effect relation-
ships involving environmental pollution [22].
Education levels affect the environmental aware-
ness of a country as well as the environmental
regulations that are put in place [10]. Higher
education levels will lower the harmful emissions
to the environment. Hence, it is hypothesized
that an increase in a country’s education level
will shift the environmental Kuznets curve down-
wards due to the decreases in pollution. However,
a counterintuitive finding was found by Hill [8].
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It is suggested instead that the improvements in
education levels have provided poor people with
greater access to polluting technologies. This
hypothesis is supported by Danish [9]. The non-
existent role of human capital was found in re-
ducing environmental degradation. The theoreti-
cal model presented here, therefore, suggests
that education provided could in some ways im-
part consequences to the environment quality.
The education attainment could be translated
into behaviors that would either protect or harm
the environment.

2) Empirical model

The EKC hypothesis suggested that the
pollution level increases earlier when income
increases in a country, and then after income
(GDP) reaches the optimum level the pollution
level will decline [27]. As the country makes eco-
nomic progress, it has to rely on energy con-
sumption. Hence, a close association between
energy consumption and environmental degra-
dation is portrayed by Kaygusuz [30] and Lise
[31]. The use of primary energy which constitutes
fossil fuels for economic growth will emits CO»
emissions that contaminate the environment [32].
As such, this study’s variables include both the
real gross domestic product (GDP) and energy
consumption (ENERGY). Literature signified
that education is crucial in forming the environ-
mental behavior of the people in the country [3].
Hence, the education variable (EDU) will be
incorporated into the model of this study. Besides
that, Cobb Douglas’s function shed light on the
contribution of physical capital input in economic
development. Similar to Afolayan et al. [33], gross
fixed capital formation (GFC) is included as a

CO,, = f(GDP,, EDU,, GFC,, ENERGY,)
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proxy of physical capital input. Therefore, the
model developed for this study follow as Eq. 1.

This study analyzes the time series data in
Malaysia over the period of 1974 until 2014.
The data for all the variables are obtained from
the World Development Indicators sourced by
World Bank [35]. In order to investigate the
long-run relationship between the variables, the
Johansen co-integration approach is employed.
Table 2 shows the description for each selected
variable. Figure 1 presented the carbon dioxide
emissions in Malaysia during the period of 1974
to 2014. Based on the figure, it is clearly observed
that there is a worrying persistent increase in
pollutants emissions over the past 40 years. The
arising issue of concern, therefore, provided
support and motivation for the study on the de-
terminants of environmental degradation.

This study will begin by employing unit root
tests such as Augmented Dickey-Fuller (ADF)
and Phillips-Perron (PP) to examine the order of
integration for each series [36]. This analysis is
crucial to avoid spurious regression problems.
The unit root tests are considered as pre-requisite
in co-integration analysis. Subsequently, this study
will proceed with the Johansen co-integration
test to analyze the long-run relationship between
the variables. The Johansen approaches allow
for estimation of all possible cointegrating vec-
tors between the set of variables and it is the most
reliable test to avoid the problems that stem
from the Engle and Granger procedure [36].
Additionally, a number of diagnostic tests are
conducted to ensure that the selected model is
free from heteroscedasticity problems, auto-
correlation, and specification errors.

(Eq. 1)

Where CO; represents carbon emissions, GDP denotes the real gross domestic product, EDU
signifies the secondary school enrolment as education proxy, GFC is the gross fixed capital
formation as a proxy of physical capital, and ENERGY indicates the fossil fuel energy
consumption. For the purpose of regression and estimation, all the series will be converted into
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logarithm form. Log-linear conditions provide better and more efficient results than simple linear

methods [34]. Hence, the model is specified as follow:

InCO, =By + L1 InGDP; + o INEDU; + f3In GFCy + B4 In ENERGY; + &; (Eq.2)
Where t represents the time period and € denotes the error term.
Table 2 Description of variables
Variable Description of variable  Measurement of Source Expected
variable signs
(Long-run)
Carbon dioxide  Carbon dioxide emissions Kiloton World Dependent
emissions (CO,) are those stemming from Development variable
the burning of fossil fuels, Indicators
including solid, liquid, and
gas fuels and gas flaring.
Real gross Measurement of total Ringgit Malaysia World Negative
domestic product production by the entire Development
(GDP) residents in a country for Indicators
(Constant 2010)  a certain period before
deducting the allocation
for fixed capital
consumption.
Secondary school Gross enrolment ratio is the % gross World Positive
enrolment (EDU) ratio of total enrolment, enrolment ratio  Development
regardless of age, to the (ratio of total Indicators
population of the age group enrolment)
that officially corresponds
to the level of education
shown.
Gross fixed Acquisition of produced  Ringgit Malaysia World Positive
capital formation assets, including the Development
(GFCO) production of such assets Indicators
(Constant 2010) by producers for their
own use, minus
disposals.
Energy Fossil fuel consumption % of total energy World Negative
consumption which comprises coal, consumption Development
(ENERGY) oil, petroleum, and Indicators

natural gas products.
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Figure 1 Carbon dioxide emissions in Malaysia.

Results
1) Estimation results based on Johansen
Co-integration test

The stationary test on the variables is con-
ducted by using both the Augmented Dickey-
Fuller (ADF) and Phillips Perron (PP) test. The
unit root testing is important to determine whether
the variables are stationary or non-stationary and
to determine their order of integration. Most
macroeconomic time-series have unit roots and
this yields spurious regression results. The esti-
mates from the unit root test indicated that all the
variables are non-stationary at levels but are
stationary after first differencing. The result im-
plied that the variables are integrated of order
I(1). As such, the Johansen Co-integration approach
will be the best method to be employed to in-
vestigate the long-run relationship between the
variables without resulting in the spurious
problems. Table 3 presented the Augmented
Dickey-Fuller (ADF) result and Table 4 showed
the Philip-Perron (PP) result.

Before proceeding with the Johansen co-
integration test, the optimal lag length needs
to be estimated. The lag length selection can
be estimated based on the unrestricted Vector
Auto-regressive (VAR) model. The following
Table 5 showed the VAR lag order selection
criteria. The lag length selection is vital to
ensure that the research findings reflect the real
economic scenario and are consistent with the
economic theories.

Based on Akaike’s Information Criterion
(AIC), and Final Prediction Error (FPE) criterion,
the selected lag length 2 was the lowest criterion
value. Hence, lag order 2 was suggested to be
the optimal lag length to be used to conduct
the Johansen co-integration test. The following
Table 6 and Table 7 depicted the result of the
Johansen co-integration test. Both of the Johansen
co-integration test (Trace) and Johansen co-
integration test (Max Eigenvalue). The empirical
result of both the trace test and maximal eigen-
value supported the existence of two co-inte-
grating vectors in the system. Thus, implying the
existence of long-run relationship between the
variables carbon dioxide emissions (CO»), gross
domestic product (GDP), secondary school enrol-
ment (EDU), gross fixed capital formation (GFC),
and energy consumption (ENERGY).

The normalized co-integrating coefficients
as presented by Table 8 revealed the existence
of a significant long-run negative relationship
between CO» emissions and real gross GDP. This
implied that an increase in real gross domestic
product will lead to a fall in CO2 emissions in
the long-run. This finding therefore supported
the EKC hypothesis that there is an inverted U-
shaped relationship between CO> emission and
economic growth. The environmental pressure
increases in the early stage of economic growth
due to the increased emission of pollutants with
extensive exploitation of resources. However,
when the income rises up to a certain level, the
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emission of the pollutants decreases due to the
growing public awareness and concern about
environmental degradation [37]. For example,

green energy use when income increases. The
empirical finding from this research, therefore,
corroborates to Chin et al. [15], Bekhet and
there could be an introduction of production Othman [38].

technologies that are more oriented towards

Table 3 Augmented Dickey Fuller (ADF) test result
Augmented Dickey Fuller (ADF) test

Variable Level First difference
Intercept Trend and Intercept Trend and
intercept intercept

LNCO:; -1.109636 -1.457658 -7.224420* -7.358537*
LNGDP -1.296182 -1.283875 -5.492333* -5.775816*
LNEDU -1.403686 -4.202276** -6.162017* -6.070953*
LNGFC -1.499994 -2.725697 -4.446196* -4.448113*
LNENERGY -3.659398* 0.897213 -5.121765* -4.826385*

Note: * Significant at 1% significance level, ** Significant at 5% significance level

Table 4 Philip-Perron (PP) test result

Phillips Perron (PP) test

Variable Level First difference
Intercept Trend and Intercept Trend and
untercept untercept
LNCO; -1.164859 -1.536445 -7.172768* -7.300943*
LNGDP -1.258504 -1.402331 -5.502389* -5.785064*
LNEDU -1.403762 -2.471779 -6.162664* -6.073157*
LNGFC -1.027243 -1.987910 -4.405700* -4.394579*
LNENERGY -4.465587* -2.172468 -5.118463* -6.145633*
Note: * Significant at 1% significance level
Table 5 VAR lag order selection criteria
VAR lag order selection criteria
Lag LogL LR FPE AIC SC HQ
0 361.9284 NA 4.78e-15 -18.78571 -18.57023 -18.70904
1 573.2047 355.8338 2.67e-19 -28.58972 -27.29689* -28.12974*
2 601.8761 40.74346*  2.37e-19* -28.78295* -26.41276 -27.93965
3 614.4267 14.53228 5.54e-19 -28.12772 -24.68017 -26.90111

Note: * indicates lag order selected by the criterion (each test at 5% level), LR: sequential modified LR test
statistic, FPE: Final prediction error, AIC: Akaike information criterion, SC: Schwarz information
criterion and HQ: Hannan-Quinn information criterion
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Table 6 Johansen co-integration test (Max Eigenvalue)

Johansen co-integration test (Max Eigenvalue)

Hypothesized Eigenvalue Max Eigen 0.05 Critical Prob.**
No. of CE(s) statistic value
None* 0.603013 35.10636 33.87687 0.0355
At most 1* 0.546971 30.08839 27.58434 0.0233
At most 2 0.323709 14.86301 21.13162 0.2986
At most 3 0.185884 7.814792 14.26460 0.3978
At most 4* 0.096968 3.875890 3.841465 0.0490
Note: Max-eigenvalue test indicates 2 co-integrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
** MacKinnon-Haug-Michelis (1999) p-values
Table 7 Johansen co-integration test (Trace)
Johansen co-integration test (Trace)
Hypothesized No. Eigenvalue Trace statistic 0.05 Critical Prob.**
of CE(s) Value
None* 0.603013 91.74844 69.81889 0.0004
At most 1* 0.546971 56.64208 47.85613 0.0060
At most 2 0.323709 26.55369 29.79707 0.1130
At most 3 0.185884 11.69068 15.49471 0.1724
At most 4% 0.096968 3.875890 3.841465 0.0490
Note: Trace test indicates 2 co-integrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
Table 8 Normalized co-integrating coefficients
Normalized co-integrating coefficients
Dependent Independent variables
variable
LNCO; LNGDP LNEDU LNGFC LNENERGY
Coefficient -1.826850 1.649431 0.538039 -3.366895
Standard Error (0.11987) (0.34673) (0.11405) (1.03141)
t-statistic value [-15.24026]* [4.75710]* [4.71757]* [-3.26436]*

Note: * Significant at 5% significance level

In addition to this, the result also pointed out
a significant negative relationship between energy
consumption and CO; emission. This indicated
that the increase of energy consumption lead to
a reduction of the CO; emission. It has been
highlighted in some studies that energy consump-
tion has a strong relationship with CO; emission.
According to Henriques and Borowiecki [39],
the pattern of CO» emission is in line with the
transition of energy consumption. At a low level
of economic growth, the fuel consumption switch

from biomass to fossil fuels. However, upon
reaching a certain income threshold with the
technological improvement that switch the con-
sumption from fossil fuels to more sustainable
energy instead. Thus, reducing the emission of
COz in the long-run. Similarly, Kim and Heo
[40] had demonstrated that technology-intensive
capital goods can help in lowering energy inten-
sity and shift the energy consumption patterns
towards cleaner energy instead. The negative
estimated coefficient for energy consumption
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(ENERGY) obtained in this study, therefore sug-
gests that the increase of consumption of energy,
in the long-run, will emit less pollutants with the
introduction of new innovation that reduces the
emissions through energy efficiency.
Meanwhile, the positive relationship between
gross fixed capital formation (GFC) and CO>
emissions indicated that the increase in investment
resulted in higher CO; emissions. This finding was
in conflict with findings by Hdom and Fuinhas
[41] that advocated more investments in infra-
structure focused on sustainable development
that can reduce CO; emissions. The finding of a
positive association between GFC and CO;
emissions may suggest that Malaysia’s invest-
ments in alternative energy resources are not
sufficient to result in the hypothesized positive
effect towards reducing environmental degra-
dation. As such, the increase of gross fixed
capital formation failed to reduce the CO:
emissions. On a separate note, the estimated
positive coefficient of GFC was consistent with
Rahman and Ahmad [42]. This result further
implied that the increase in investments on
physical capital leads to the worsening of
environmental degradation. It can be indicating
that much of the investments have been attracted
towards non-green energy sectors instead.
Baek [43] further claimed that gross fixed capital
formation leads to environmental issues. The
weak environmental regulation could be the
underlying reason that leads to the harming of
the environment from the increase of investments.
Education is necessary for a country’s people
to understand environmental risks [22]. The
significant relationship of education with CO»
emissions provided robust support that education
influence environmental quality. The inclusion
of education in testing the EKC theory contributes
to filling the literature gap. The result further
provides confirmation that education has a sig-
nificant role in changing the behavior or pattern
of consumption of the people. However, the sign
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of'the coefficient may be varied by country. The
statistically significant coefficient of secondary
education enrolment reported can further imply
that education is one of the increasingly impor-
tant factors that can affect the environmental path.
This would be consistent with the hypothesis
that education factors have a significant influ-
ence on the formation of the EKC theory.

However, the empirical result of this study
implied that the increase of the secondary school
enrolment rate fails to lower the CO- emissions.
This finding seemingly supported Danish et al.
[9] that education does not contribute to lower
environmental quality in the long-run. It is likely
that secondary school education was not suffi-
cient to raise the peoples’ awareness to combat
environmental challenges. Besides that, the find-
ing of positive coefficient for the education
variable was in line with the past findings by Hill
and Magnani [8]. They offered an explanation
that in low-income countries, the improvements
in education levels provide poor people with
greater access to polluting technologies [8]. Hence,
higher education levels increase pollution instead.
This could also further suggest that the current
secondary education curriculum may have failed
to emphasize the importance of environmental
conservation. Hence, the students fail to be
equipped with the proper knowledge required
on developing environmental sustainability. There
would be a need for attention to be drawn towards
developing a curriculum that can help in promoting
environmental quality and reduces environmental
pollution in the future.

2) Diagnostic tests

Diagnostic testing was carried out on the
Johansen model to test for serial correlation,
heteroskedasticity, normality, and stability. The
model passes the diagnostic testing of the Breusch-
Godfrey serial correlation LM test with no serial
correlation. The model is also free from hetero-
skedasticity problems as indicated by the result
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from the Beusch-Pagan-Godfrey Heteroskedas-
ticiy test, ARCH test, and Glejser test. Meanwhile,
both the plots of CUSUM and CUSUM square
are within five percent of the critical bands. This

Table 9 Diagnostic tests results for ARDL model
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indicated that the model is structurally stable.
Jarque-Bera Normality test suggested further
that the errors are normally distributed. Table 9
reported the results of the diagnostic tests.

Breusch-Godfrey Serial Correlation LM test

F-statistic 1.197459 Prob. F(2,24) 0.3194
Obs*R-squared 3.447894 Prob. Chi-Square(2) 0.1784
Breusch-Pagan-Godfrey Heteroskedasticity test

F-statistic 0.873783 Prob. F(15,22) 0.5986
Obs*R-squared 14.18691 Prob. Chi-Square(15) 0.5114
ARCH Heteroskedasticity test

F-statistic 1.241331 Prob. F(2,33) 0.3021
Obs*R-squared 2.518860 Prob. Chi-Square(2) 0.2838
Glejser Heteroskedasticity test

F-statistic 0.766506 Prob. F(15,22) 0.6979
Obs*R-squared 13.04298 Prob. Chi-Square(15) 0.5990
Jarque-Bera test

Jarque-Bera 0.553167 Prob. 0.758370

Conclusion

This paper mainly aims to explore the role of
education on environmental degradation during
the period of 1974 to 2014. Besides that, this
study also sheds light on the other determinants
of CO; emissions. The empirical findings of this
study highlight the inverse relationship between
environmental degradation and economic growth.
The increase in the levels of CO2 emissions
emanates from human activities such as indus-
trial production, urbanization, and other activities
that translate into higher economic output [20].
However, the increase in economic growth im-
proves the environment upon reaching a parti-
cular turning point. As the country becomes
more nationalized and wealthy in the long-run,
there are changes in its economic structure that
promote cleaner energy consumption and the
use of green technologies. Hence, the increase
of economic growth, in the long-run, leads to
fewer emissions. This finding was in line with
the EKC theory. Besides that, the finding from
this study also shed light on the importance of

other factors such as gross fixed capital for-
mation, energy consumption, and education on
the formation of EKC theory. The inclusion of
these factors provides useful insights into the
causes of emissions. In addition, these factors
could cause a change to the slope of the EKC.
The long-run estimation using the Johansen Co-
integration test further revealed a negative
relationship between energy consumption and
environmental degradation. Hence, suggesting
energy efficiency technology being introduced
in the long-run. As such, the consumption of
energy, in the long-run, results in the release of
fewer pollutants.

It is also noted that secondary school enrolment
has a statistically significant positive effect on
CO; emissions. The increase in enrolment rate
raises the pollution level instead. As people
become highly educated, their standard of living
and earnings increases. Hence, they are able to
afford more energy-consuming goods. The in-
crease in consumption of these goods increases
environmental degradation. In addition, people
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are generally still lacking in terms of awareness
to protect the environment despite completing
secondary school education. Besides that, the
empirical result also indicated that the gross fixed
capital formation is positively associated with
CO7 emissions in the long-run. This finding can
be interpreted that the increase of investment in
physical capital fails to reduce environmental de-
gradation. Instead, the increase of gross fixed
capital increase the pollutants emissions. The ana-
lysis of this paper filled the literature gap of the
studies by pointing out the impact of education on
environmental degradation in Malaysia. Empirical
finding from this study further corroborates the
competing theories that were suggested by
Muhammad [12] in explaining the relationship
between education level and pollution emissions.

These findings provide some important po-
licy implications for policy-makers to develop
environmental policies that can promote envi-
ronmental sustainability in the future. Higher
education levels could lead to more energy con-
sumption from non-renewable resources. Hence,
the policy will need to be designed to encourage
societies to shift their consumption towards re-
newable resources instead. The tested significant
role of education would affect the policy impli-
cations of the EKC. Malaysia’s Government should
encourage institutions to introduce environmental
awareness programmes in their curriculum. In
this way, individuals would gain a better under-
standing of the cause-and-effect relationships
involving environmental concerns. Better envi-
ronmental awareness would lead to an eventual
decline of harmful emissions and a decrease in
the slope of EKC. Besides that, a higher education
level that incorporates environmental awareness
will promote higher level of clean renewable
energy consumption by individuals. Next, the
implication from this finding was that the in-
crease in national incomes allows countries to
develop alternative renewable energy resources
and green technologies. The increase of real

125

GDP resulted in lesser CO; emissions. Lastly,
the increase in investment worsens environmental
degradation. This could point out that the invest-
ment was financed mostly on economic activi-
ties that produce environmental pollution. As such,
there is a need for policymakers to strategically
devise policies that encourage investments in en-
vironmentally friendly economic activities instead.

It is ascertained from this study that besides
economic growth, other factors such as educa-
tion, gross fixed capital formation, energy con-
sumption can lead to the change in the slope of
EKC. The education levels have a significant
impact on the formation of the EKC theory. The
inclusion of education within the EKC model
provides crucial insights into the causes of pollu-
tion emissions which will be very useful for
future research in developing a new framework
that can determine the omitted factors that are
responsible for the formation of EKC theory.
Besides that, the limitations of the data used in
this study could lead to omitted variables. Hence,
it is suggested that future studies need to be con-
ducted to examine the relationship between
different education levels and environmental
degradation using a larger volume of data. Despite
the limitation of this study, the empirical evi-
dence from this study has provided important
insight and robust support for future research
work in this area.

References

[1] Eyeboglu, K., Uzar, U. A new perspec-
tive to environmental degradation: The
linkages between higher education and
CO; emissions. Environmental Science
and Pollution Research, 2021, 28, 482—
493.

[2] UNESCO education strategy 2014-2021.
Paris, France: United Nations Educational,
Scientific and Cultural Organization. 2014.
[Online] Available from: https://unesdoc.



126

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

unesco.org/ark:/48223/pf0000231288
[Accessed 7 April 2021].

Alkhateeb, T.T.Y., Mahmood, H.,
Altamimi, N.N., Furqan, M. Role of
education and economic growth on the
CO> emissions. Entrepreneurship and
Sustainability Issues, 2020, 8(2), 195-2009.
Pfeiffer, B., Mulder, P. Explaining the
diffusion of renewable energy technology
in developing countries. Energy Economics,
2013, 40, 285-296.

Jin, Y., Hopkins, M.M., Wittmer, J.L.
Linking human capital to competitive
advantages: flexibility in a manufacturing
firm’s supply chain. Human Resource
Management, 2010, 49(5), 939-963.
Pablo-Romero, M.d.P., Sanchez-Braza,
A. Productive energy use and economic
growth: Energy, physical and human
capital relationships. Energy Economics,
2015, 49, 420-429.

Gangadharan, L., Valenzuela, M.R.
Interrelationships between income, health
and the environment: Extending the envi-
ronmental Kuznets curve hypothesis.
Ecological Economics, 2001, 36(3), 513—
531.

Hill, R., Magnani, E. An exploration of
the conceptual and empirical basis of the
environmental Kuznets curve. Australian
Economic Papers, 2002, 41(2), 239-254.
Danish, Hassan, S.T., Baloch, M.A.,
Mehmood N., Zhang, J., Linking eco-
nomic growth and ecological footprint
through human capital and biocapacity.
Sustainable Cities and Society, 2019, 47,
101516.

Williamson, C. Emission, education, and
politics: An empirical study of the carbon
dioxide and methane environmental
Kuznets curve. The Park Place Eco-
nomist, 2017, 25(1), 9.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

App. Envi. Res. 43(4) (2021): 113-128

Ehrhardt-Martinez, K., Crenshaw, EM.,
Jenkins, J.C. Deforestation and the envi-
ronmental Kuznets curve: A cross-national
investigation of intervening mechanisms.
Social Science Quarterly, 2002, 83(1),
226-243.

Muhammad, K. CO> emissions and
sustainable economic development: New
evidence on the role of human capital.
Sustainable Development, 2020, 1-10.
Balaguer, J., Manuel, C. The role of
education in the Environmental Kuznets
Curve: Evidence from Australian data.
Energy Economics, 2018, 70, 289-296.
Arshad, A., Zakaria, M., Juyang, X.
Energy prices and economic growth in
Pakistan: A macro-econometric analysis.
Renewable and Sustainable Energy Re-
views. 2016, 55, 25-33.

Chin, MY, Puah, C.H., Teo, C.L., Joseph,
J. The determinants of CO2 emissions in
Malaysia: A new aspect. International
Journal of Energy, Economics and Policy,
2018, 8(1), 190-194.

Mugableh, M.1. Analysing the CO; emis-
sions function in Malaysia: Autoregres-
sive distributed lag approach. Procedia
Economics and Finance, 2013, 5, 571-
580.

Sharma, S.S. Determinants of carbon
dioxide emissions: Empirical evidence
from 69 countries. Applied Energy, 2011,
376-382.

Vo, A.T., Vo,D.H., Le, Q.T. CO; emissions,
energy consumption, and economic growth:
New evidence in the ASEAN countries.
Journal of Risk and Financial Management,
2019, 12, 145.

Adebayo, T.S., Kalmaz, D.B. Determinants
of CO> emissions: Empirical evidence
from Egypt. Environmental and Ecolo-
gical Statistics, 2021, 9(3), 411-422.



App

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

. Envi. Res. 43(4) (2021): 113-128

Etokakpan, M.U., Solarin, S.A., Yorucu,
V., Bekun, F.V., Sarkodie, S.A. Model-
ing natural gas consumption, capital for-
mation, globalization, CO; emissions and
economic growth nexus in Malaysia: Fresh
evidence from combined cointegration
and causality analysis. Energy Strategy
Reviews. 31, 100526, 1-11.

Yao, Y., Ivanovski, K., Inekwe, J., Smyth,
R. Human capital and CO; emissions in
the long run. Energy Economics, 2020,
91, 104907.

Goetz, S. J., Debertin, D. L., Pagoulatos,
A. Human capital, income, and environ-
mental quality: A state-level analysis.
Agricultural and Resource Economics
Review, 1998, 27(2), 200-208.

Ulucak, R., Bilgili, F. A reinvestigation of
EKC model by ecological footprint mea-
surement for high, middle and low income
countries. Journal of Cleaner Production,
2018, 188, 144-157.

Kumar, C.S. Human capital and growth
empirics. Journal Developing Areas, 2007,
40(1), 153-179.

Cole, M.A., Elliott, R.J., Shimamoto, K.
Industrial characteristics, environmental
regulations and air pollution: An analysis
of the UK manufacturing sector. Journal
of Environmental Economics and Manage-
ment, 2005, 50(1), 121-143.

Audi, M., Amjad, A. Environmental
degradation, energy consumption, popu-
lation density and Economic development
in Lebanon: A time series analysis (1971-
2014). MPRA Paper No. 74286, 2016.
Mahmood, N., Wang, Z., Hassan, S.T.
Renewable energy, economic growth,
human capital, and CO> emission: An
empirical analysis. Environmental Science
and Pollution Research, 2019, 26(20),
20619-20630.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

127

Bashir, A., Thamrin, K.H., Farhan, M.,
Mukhlis, M., Dirta, P.A. The causality
between human capital, energy consump-
tion, CO; emissions, and economic growth:
Empirical evidence from Indonesia.
International Journal of Energy Econo-
mics and Policy, 2019, 9(2), 98.

Sapkota, P., Bastola, U. Foreign direct
investment, income, and environmental
pollution in developing countries: Panel
data analysis of Latin America. Energy
Economics, 2017, 64, 206-212.
Kaygusuz, K. Energy and environmental
issues relating to greenhouse gas emis-
sions for sustainable development in
Turkey. Renewable and Sustainable Energy
Reviews, 2009, 13(1), 253-270.

Lise, W. Decomposition of CO> emis-
sions over 1980-2003 in Turkey. Energy
Policy, 2006, 34(14), 1841-1852.
Matthew, O.A., Ede, C.U., Osabohien, R.,
Ejemeyovwi, J., Fasina F.F., Akinpelumi,
D. Electricity consumption and human
capital development in Nigeria: Exploring
the implications for economic growth.
International Journal of Energy Economics
and Policy, 2018, 8(6), 8—15.

Afolayan, O.T., Okudua, H., Oaikhenan, H.,
Mattthew, O. Carbon emissions, human
capital investment and economic deve-
lopment in Nigeria. International Journal
of Energy, Economics and Policy, 2020,
10(2), 427-437.

Bano, S., Zhao, Y., Ahmad, A., Wang, S.,
Liu, Y. Identifying the impacts of human
capital on carbon emissions in Pakistan.
Journal of Cleaner Production, 2018, 183,
1082-1092.

World Bank. World development indi-
cators database, 2021. [Online] Available
from: https://databank.worldbank.org/
source/world-development-indicators.
[Accessed 14 February 2021].



128

[36]

[37]

[38]

[39]

[40]

Katircioglu, S.T. Revisiting the tourism-
led-growth hypothesis for Turkey using
the bounds test and Johansen approach
for cointegration. Tourism Management,
2009, 30, 17-20.

Maneejuk, N., Ratchakom, S., Maneejuk,
P., Yamaka, W. Does the Environmental
Kuznets Curve exist? An International
Study. Sustainability, 2020, 12, 9117.
Bekhet, H.A., Othman, N.S. The Role of
renewable energy to validate dynamic
interaction between CO> emissions and
GDP towards Sustainable Development
in Malaysia, Energy Economics, 2018,
72,47-61.

Henriques, S.T., Borowiecki, K.J. The
drivers of long-run CO; emissions in
Europe, North America and Japan since
1800. Energy Policy, 2017, 537-549.
Kim, J., Heo, E. Asymmetric substitutabi-
lity between energy and capital: Evidence

[41]

[42]

[43]

App. Envi. Res. 43(4) (2021): 113-128

from the manufacturing sectors in 10
OECD countries. Energy Economics,
2013, 40, 81-89.

Hdom, H.A.D., Fuinhas, J.A. Energy
production and trade openness: Assessing
economic growth, CO2 emissions and the
applicability of the cointegration analysis.
Energy Strategy Reviews, 2020, 30, 100—
488.

Rahman, Z.U., Ahmad, M. Modeling the
relationship between gross capital for-
mation and CO> (a) symmetrically in the
case of Pakistan: An empirical analysis
through NARDL approach. Environmen-
tal Science and Pollution Research, 2019,
26, 8111-8124.

Baek, J. A new look at the FDI-income-
energy-environment nexus: Dynamic
Panel Data Analysis of ASEAN. Energy
Policy, 2016, 91, 22-27.



