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Abstract. This research paper conducts a comprehensive analysis of the complex relationship between CO2 emissions and economic factors, 
specifically investigating the Environmental Kuznets Curve (EKC) theory in Malaysia. Using data from 1991 to 2020, the study applies 
the Autoregressive Distributed Lag (ARDL) modelling approach developed by Pesaran et al. (2001). The results demonstrate a significant 
long-term connection between Gross Domestic Product (GDP), trade, and carbon emissions, indicating that economic development plays a 
crucial role in influencing Malaysia's carbon footprint. Additionally, the inclusion of institutional quality in the model adds another layer 
of complexity, highlighting the multifaceted nature of the relationship between economic progress and environmental outcomes. Furthermore, 
examining short-term dynamics using the ARDL model reveals diverse effects over time for variables such as renewable energy and 
institutional quality, providing a more nuanced understanding of these relationships. These detailed insights are essential for policymakers 
dealing with the challenges of promoting economic progress while ensuring environmental sustainability. The findings contribute to a deeper 
understanding of the interplay between economic variables and CO2 emissions, offering valuable guidance for policymakers striving to strike 
a balance between economic growth and environmental conservation in Malaysia. 
 
Keywords:  Malaysia, autoregressive distributed lag (ardl) modelling, environmental kuznets curve (ekc), carbon dioxide (co2) emissions, 
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1.     Introduction 
 
In our continuously evolving world, 
comprehending the intricate interplay 
between economic growth and environmental 
impact is of paramount importance. This 
paper delves into the Malaysian narrative, 
utilizing the Autoregressive Distributed Lag 
(ARDL) modeling technique to scrutinize 
how the country’s financial trajectory 
influences its carbon footprint both in the 
short- and long-term. 
 
Picture a world abuzz with discourse on 
climate change, with Malaysia, distinguished 

but its dynamic economy and commitment to 
environmental conservation, assuming a 
pivotal role. Particularly for nations like 
Malaysia, heavily reliant on fossil fuels for 
economic advancement, the ramifications of 
climate change are a pressing concern due to 
their profound effects on global food 
production, public health, and ecosystems 
(Shahbaz et al., 2020). Due to Malaysia's 
historical reliance on energy combustion, CO2 
emissions have exhibited a sustained upward 
trend, as illustrated in Figure 1 (Enerdata, 
2023). 
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Figure 1 
CO2-ENERGY EMISSIONS (MtCO2) 
 
This study focuses on finding the balance 
where economic growth meets sustainable 
living. The Environmental Kuznets Curve 
(EKC) hypothesis suggests that as a country 
becomes wealthier, its concern for the 
environment increases. But does this hold 
true for Malaysia? This is the key question we 
are aiming to answer. 
 
We examine several key variables. GDP, the 
central economic indicator, measures the 
monetary value of all finished goods and 
services produced in a nation within a given 
period (Callen, 2019). Economists, 
governments, and corporations use it 
extensively to assess the state of national and 
international economies (Callen, 2019). 
Renewable energy consumption (REN) plays 
a role, as renewable energy has been shown to 
positively impact economic development (Le 
& Ozturk, 2020). IQ, as highlighted by 
Tashtamirov (2023), is essential for sustained 
economic development, particularly in cases 
like Russia, where poor institutional quality 
impedes growth.  
 
Finally, trade (TR), which benefits nations 
through the trade of goods and services across 
borders, improves living standards and 
economic efficiency (McDonald, 2019). This 
study also explores the extent to which trade 
and renewable energy use contribute to 
variations in CO2 emissions over time. 

Furthermore, we investigate whether IQ alters 
the conventional understanding of the 
Malaysian EKC. These variables are the 
foundation for understanding how Malaysia's 
economic progress impacts its carbon 
emissions. 
 
By examining the relationships between trade, 
carbon emissions, renewable energy usage, 
IQ, and economic growth in Malaysia, this 
study aims to contribute to the literature. It 
analyzes annual data from 1981 to 2020 using 
an ARDL model, allowing for a detailed 
analysis of both short- and long-term 
dynamics. This research addresses a gap in the 
literature on the EKC theory in emerging 
nations by focusing on Malaysia and 
investigating whether its economic growth 
follows the EKC pattern. To determine the 
stationarity of the variables, unit root tests, 
such as the Augmented Dickey-Fuller (ADF) 
test, are employed. Cointegration is tested 
using the ARDL Bounds Test (refer to 
Equation (4)). 
 
The results show a significant long-term 
correlation between GDP, trade, and carbon 
emissions, indicating that Malaysia's economic 
growth has a substantial impact on its carbon 
footprint. Specifically, the analysis reveals a 
2.2548% increase in CO2 emissions for every 
1% increase in GDP, underscoring the 
challenge of balancing environmental 
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sustainability with economic growth. 
Interestingly, the EKC hypothesis, which 
posits that higher IQ and economic growth 
lead to better environmental outcomes, is 
challenged by the finding that IQ has little 
effect on emissions. The positive relationship 
between emissions and renewable energy use 
may indicate inefficiencies or an insufficient 
replacement of non-renewable energy sources 
(refer to Equation (4)). 
 
These findings suggest that policies focused 
solely on economic growth and institutional 
improvements may not be sufficient to 
achieve environmental sustainability in 
Malaysia. A multifaceted approach, including 
promoting renewable energy efficiency, 
implementing green technologies, and 
enhancing trade regulations, is necessary. The 
study highlights the need for tailored 
environmental policies specific to Malaysia’s 
context, rather than relying on generalized 
economic theories like the EKC hypothesis. 
This research contributes to the broader 
discussion on sustainable development by 
providing empirical evidence from a 
developing country, offering valuable insights 
for policymakers seeking to balance economic 
and environmental protection (refer to 
Equation (4)). As climate change continues to 
dominate global discussions, Malaysia serves 
as a case study with important lessons. 
Acknowledging its reliance on non-renewable 
energy sources, Malaysia has been actively 
investigating ways to transition to more 
sustainable alternatives.  

The country introduced the National Green 
Technology Policy in 2009 and the National 
Renewable Energy Policy in 2010 (UNFCCC, 
2020) to promote renewable energy use. As 
we face the dual challenge of economic 
growth and environmental preservation, 
Malaysia's experience offers valuable guidance 
for policymakers worldwide (refer to 
Equation (3)).  
 
The remaining sections of the paper are 
structured as follows: the Literature Review 
discusses relevant studies, followed by the 
Methodology, which provides an overview of 
the approach used. The Findings and 
Discussion examine the empirical results, and 
the paper concludes with the Conclusion. 
 
 

2.    Literature Review / Hypothesis 
Development 
 
The EKC hypothesis, introduced by 
Grossman and Krueger (1991), explores the 
relationship between economic growth and 
environmental degradation. It suggests that in 
the early stages of economic development, 
CO2 emissions increase due to 
industrialization and intensified production 
activities, leading to environmental 
degradation. However, when a country 
reaches a certain level of wealth, a turning 
point occurs, and CO2 emissions decline, 
resulting in improved environmental quality 
(as shown in Figure 2). 

 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 2 
Environmental Kuznets Curve 
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Early studies, including those by Grossman 
and Krueger (1995), provided empirical 
support for the EKC hypothesis, especially 
regarding the link between GDP growth and 
environmental quality. Bartlett (1994) 
expanded this understanding by 
demonstrating an inverted U-shaped 
relationship between per-capita income and 
per-capita CO2 emissions, indicating a turning 
point on the EKC curve. 
 
Subsequent research has broadened the EKC 
framework. A global study by Rongrong et al. 
(2021), involving 147 countries, found that 
while economic growth significantly increases 
carbon emissions, economic structure can 
have a mitigated effect. For example, Holtz-
Eakin & Selden (1995) and Mikayilov et al. 
(2018) suggest that the relationship is not as 
straightforward as initially assumed. Gill et al. 
(2018) also challenge the universality of the 
EKC hypothesis by highlighting the nuanced 
and complex relationships between 
environmental and economic development. 
These differing perspectives emphasize the 
need for a more comprehensive investigation 
into the factors influencing environmental 
outcomes.  
 
CO2 emissions and variables 
Several studies have examined the relationship 
between CO2 emissions and IQ. Farzanegan 
and Markwardt (2018) suggest that improving 
IQ in the Middle East and North America 
(MENA) region could help control CO2 
emissions. Le and Ozturk (2020) created an 
EKC-type model covering 74 emerging 
markets and developing economies (EMDEs) 
between 1990 and 2014. Solarin et al. (2017) 
emphasized the crucial role of IQ in reducing 
emissions of CO2 in Ghana, finding a negative 
correlation between institutional quality and 
environmental degradation. Similarly, 
Shahzad et al. (2020) and Shahzad (2020) 
confirmed that lower IQ contributes to 
increased CO2 emissions, corroborating 
earlier findings by Shah et al. (2019). 
 
In East Africa, Namahoro et al. (2021) found 
a negative relationship between carbon 
dioxide emissions and renewable energy use. 

Their study highlighted the role of renewable 
energy in reducing the negative effects of 
energy consumption on the environment. In 
the European Union, Radmehr et al. (2021) 
showed that a 1% increase in renewable 
energy usage results in a 0.05% decrease in 
carbon emissions. Trade is another significant 
factor influencing COS2 emissions. 
According to the World Bank (2023), while 
trade promotes economic growth, it also risks 
accelerating environmental deterioration. In 
2020, trade contributed to approximately 
27.2% of global fuel-related CO2 emissions. 
Conversely, trade can facilitate access to low-
emission technology and products (World 
Bank, 2023), presenting a dual role in both 
mitigating and exacerbating environmental 
impacts (Ugur et al., 2018). 
 
Heidari, Katircioglu, and Saeidpour (2015) 
used data from five ASEAN countries—
Malaysia, Indonesia, the Philippines, 
Singapore, and Thailand—to argue for a 
nonlinear relationship between economic 
development, carbon emissions, and energy 
consumption. Their regression analysis 
showed that carbon emissions initially rise 
with GDP growth but eventually decline after 
reaching a peak. Similarly, Saboori and 
Sulaiman (2013) used ARDL panels to study 
the interaction between energy consumption, 
economic growth, and CO2 emissions in the 
five ASEAN countries. Building on this, a 
study on eight ASEAN nations between 1994 
and 2018 employed the ARDL panel 
approach to examine the short- and long-term 
effects of economic growth on CO2 
emissions. 
 
In conclusion, understanding the complex 
relationships between trade, energy 
consumption, and CO2 emissions is essential 
for Malaysia to address its environmental 
challenges and pursue sustainable 
development (World Bank, 2023). This 
research aims to shed light on these 
connections and offer policy 
recommendations to promote a more 
sustainable future for Malaysia (World Bank, 
2023). 
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3.    Methodology 
  
Data  
This research analyzes annual data from 
Malaysia spanning 1991 to 2020, focusing on 
key indicators: carbon dioxide emissions 
(CO2), GDP, renewable energy consumption 
(REN), IQ, and trade (TR). Our data was 
primarily sourced from the World Bank 
dataset (2023), which provides 
comprehensive insights into these variables. 
In contrast to the extensive datasets available 
for developed countries, accessing relevant 
and accurate data for emerging economies in 
Southeast Asia, including Malaysia, presents 
challenges. To address data gaps in IQ, mean 
imputations were used, enhancing the 
accuracy and robustness of our analysis. 
 
For measurement, CO2 emissions are 
expressed in metric tons per-capita, GDP is 
measured as GDP per-capita (current US$), 
and renewable energy consumption is 
represented as a percentage of total final 
energy consumption. Trade is measured as the 
share of GDP {(export + import)/real 
GDP}. IQ is assessed using the Worldwide 
Governance Indicator (WGI), which includes 
metrics such as anti-corruption, governance 
effectiveness, political effectiveness, absence 
of violence, quality of regulation, rule of law, 
and accountability. 
 
To ensure the stability of our analysis and 
simplify coefficient interpretation, all 
variables are converted to their natural 
logarithmic form. 
 
ARDL Modeling 
This study applies the ARDL model as 
proposed by Pesaran et al. (2001). The first 
step involves a bounds cointegration test 
within the ARDL model, producing the F-
statistic. This statistic serves as a benchmark 
for determining whether a long-term 
cointegration relationship exists between the 
variables. We measure this relationship by 
comparing the F-statistic to the upper and 
lower critical values outlined by Pesaran et al. 
(2001). The null hypothesis of no 
cointegration relationship is rejected only if 

the F-statistic exceeds the upper bound, 
indicating a significant cointegration 
relationship. 
 
One key advantage of the ARDL model is its 
flexibility in handling variables with different 
stationarity orders, as long as none are 
integrated at I(2). This flexibility allows for the 
inclusion of variables that are I(0) or I(1). 
Therefore, conducting a unit root test is 
essential to ensure no variables are I(2) before 
constructing the ARDL model. In this study, 
we argue that GDP, along with renewable 
energy consumption, trade and IQ, are key 
determinants of CO2 emissions. 
A specific model is integrated as follows: 
 
where CO2, GDP, REN, TR and IQ represent 
CO2 emissions, GDP per-capita, renewable 
energy consumption, trade and institutional 
quality, respectively. All variables are 
expressed in natural logarithmic form. In this 

model, 𝛽0 is the intercept, 𝛽1, 𝛽2, 𝛽3, 𝛽4 and 

𝛽5 represent the long-run elasticities, the 

subscripts t denotes time (years), and 𝛼𝑡 is the 
random disturbance term. Based on Equation 
(1), the ARDL-bound cointegration test 
model is developed as follows: 
 
Here ε_t is the residual term, and Δ denotes 
the "first order" difference of the variables. n, 
q, r, p, k are the lag orders. The null hypothesis 
for the ARDL bounds test is that no long-
term cointegration relationship between the 
variables exists, i.e., H0: α1= α2= α3= α4= 
α5= α6=0. The alternative hypothesis H0 is 
that such a relationship does exist: H1: α1= 
α2≠ α3≠ α4≠ α5≠ α6≠0. Once a long-run 
cointegration relationship is established, the 
ARDL model can be used to analyze the long-
run and short-term effects. The long-run 
effects are modeled as follows: 
 
The coefficient of the independent variables 
in Equation (4) is calculated according to the 
results of Equation (3). Among them, the 
coefficients of lnGDP, lnGDP"2", lnREN, 
lnTR, and lnIQ are as follows, respectively: 
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Finally, the ARDL model is modified into an 
error correction model (ECM) to capture 
short-term dynamics: where ECM_t is the 

error correction term. The coefficient 𝛿 of 

ECM_t indicates the speed of correction to 
the long-term relationship, which is expected 
to be negative. 
 

 
Table 1 
Descriptive Statistics 
 

 lnCO2 lnGDP lnIQ lnREN lnTR 

Mean 1.7754 8.7184 -0.9453 1.3869 5.1193 
Median 1.8619 8.6706 -0.9322 1.4434 5.1327 
Maximum 2.0437 9.3176 -0.6496 2.0399 5.3955 
Minimum 1.2845 7.9112 -1.4529 0.6729 4.7607 
Std. Dev. 0.2393 0.4663 0.1692 0.3774 0.1908 
Skewness -0.7530 -0.0516 -1.0128 -0.0517 -0.2536 
Kurtosis 2.3103 1.4869 4.5034 2.0061 1.7824 
Jarque-Bera 3.4297 2.8753 7.9542 1.2481 2.1746 
Probability 0.1800 0.2375 0.0187 0.5358 0.3371 
N 30 30 30 30 30 

Note. CO2, GDP renewable energy use, trade, and IQ, respectively. ln indicates taking the natural logarithmic form for each variable. 

 
 

4.    Findings and Discussion 
 
Findings 

 
 
 
 

The National Institute of Standards and 
Technology (NIST, 2023) defines kurtosis as 
a measure of the tail behavior of a 
distribution. High kurtosis indicates strong 
tails or the presence of outliers, while low 
kurtosis suggests lighter tails or fewer outliers. 
The Jarque-Bera test, on the other hand, 
assesses normality by examining the skewness 
and kurtosis of the sample (NIST, 2015). 
 
In statistical analysis, a standard distribution 
operates assumes a skewness of 0 and a 
kurtosis value of 3. The Jarque-Bera (JB) test 
is designed to evaluate normality based on 
these parameters. Under perfect conditions—
zero skewness and a kurtosis equal to 3—the 
test statistic equals 0 (Polanitzer, 2021). A JB 
test p-value below 0.05 indicates a significant 
departure from normality (Nirajan, 2023). 

 
The descriptive statistics in Table 1 show that 
the mean lnCO2 value of 1.7754 indicates a 
moderate level of CO2 emissions, with a left-
skewed distribution and strong potential 
outliers. In contrast, lnGDP has a mean value 
of 8.7184, indicating a relatively high GDP 
with a symmetrical distribution, lower 
kurtosis, and fewer extreme values. lnREN 
and lnTR show moderate average values of 
1.3869 and 5.1193, respectively, with roughly 
symmetrically distributed. However, the lnIQ 
has a negative mean of -0.9453 and a 
negatively skewed distribution, concentrated 
at the upper end. The JB test suggests 
deviations from normality, particularly for 
lnIQ, where a p-value of 0.0187 indicates non-
normality.  
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Table 2 
Correlation between Variables 
 

 lnCO2 lnGDP lnIQ lnREN lnTR 

lnCO2 1     
lnGDP 0.8993 1    
lnIQ -0.0717 -0.1324 1   

lnREN -0.6471 -0.4918 0.2047 1  

lnTR -0.4185 -0.6997 0.0853 -0.1062 1 
Note. Refer to Table 1 for a detailed description of variables. 

 
Table 2 reveals a strong correlation between 
economic growth and increased carbon 
dioxide emissions (0.8993). lnCO2 shows a 
weak negative correlation with lnIQ (-
0.0717), suggesting little relationship between 
carbon emissions and IQ. In contrast, 
lnREN displays a pronounced negative 

correlation with InCO2 (-0.6471), indicating 
that higher renewable energy consumption 
tends to reduce emissions. Similarly, InTR 
exhibits a moderate negative correlation with 
lnCO2 (-0.4185), implying a possible 
relationship between trade and lower 
emissions.  

 
 
 

 
 

 
 
 
 
 

 
 
 
Figure 3  
Individual Trend Charts for Variables, 1981-2020 
 
The time series trends in Figure 3 show 
distinct patterns across the variables. lnCO2 
has a recognizable upward trend, indicating 
rising carbon dioxide emissions. lnGDP 

shows a consistent upward trend, reflecting 
economic growth. lnIQ and InREN fluctuate 
without clear overall trends, while lnTR 
peaks in 2004 before gradually declining.   
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Table 3  
ADF Unit root test results 
 

Variables 
ADF (P-values) 

Intercept Intercept and trend None 

Level 
lnCO2 -2.3372(0.1678) -1.2568(0.8787) 2.4330(0.9951) 
lnGDP -1.3978(0.5695) -1.7702(0.6929) 2.0034(0.9871) 
InIQ -3.2847(0.0251)** -3.2203(0.1003) -0.5962(0.4503) 
lnREN -1.5867(0.4760) -0.6727(0.9655) -0.4526(0.5097) 
lnTR 0.3073(0.9741) -1.6553(0.7450) -1.3408(0.1622) 
First differences 
lnCO2 -5.4948(0.0001)*** -3.8463(0.0331)** -1.6480(0.0927)* 
lnGDP -4.6071(0.0010)*** -4.5697(0.0057)*** -4.2783(0.0001)*** 
InIQ -3.4383(0.0200)** -3.4551(0.0686)* -3.5445(0.0011)*** 
lnREN -3.1738(0.0325)** -3.8187(0.0305)** -3.2416(0.0022)*** 
lnTR -3.5215(0.0148)** -3.7488(0.0366)** -3.5250(0.0010)*** 
 

Note. ***, **, and * symbolize significance levels at 1%, 5%, and 10%, respectively. P-values are presented in parentheses ( ). Based on 
the Akaike info criterion, the default maximum lag is set at 7.  
 

The ARDL model, which allows for the 
inclusion of variables at various time lags, is 
used in this empirical analysis (Khan, Teng, 
& Khan, 2019). The optimal lag selection is 
determined using the AIC criterion, which is 

effective for small sample sizes (Acquah, 
2010). The "first differences" section 
indicates that all variables become stationary 
after accounting for first differences, as 
shown by significant negative ADF statistics.  

 
Table 4 
ARDL Bounds Test Results 
 

Test statistics Value  k 

F-statistics 83.2138***  4 
Critical values 
Significance level I(0) Bound  I(1) Bound 
10% 2.2  3.09 
5% 2.56  3.49 
2.5% 2.88  3.87 
1% 3.29  4.37 

Note. *** symbolizes significance levels at 1%. 

 
The F-statistic in Table 4 (83.2138) is 
significant at the 1% level, indicating a long-
term relationship between the variables. The 
critical values for I(0) and I91) confirm the 
presence of cointegration. The coefficients in 
Table 5 show the expected changes in the 
dependent variable for a uniform change in 
the corresponding independent variables. 

For example, a 1% increase in GDP leads to 
a 2.2548% rise in CO2 emissions. Positive 
coefficients for lnGDP, lnREN and lnTR 
suggest positive influences, while the 
negative coefficient for lnIQ implies a 
negative influence. 
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Table 5 
ARDL Long-term Estimation Results 
 

Variables Coefficient St. error T-ratio (p-values) 

lnGDP 2.2548 0.3813 5.9133**(0.0274) 

lnIQ -0.7379 0.2814 -2.6223(0.1198) 

lnREN 1.0224 0.2273 4.4982**(0.0460) 

lnTR 3.8294 0.6916 5.5367**(0.0311) 

C -39.7366 7.4916 -5.3042**(0.0338) 

Note. ***, **, and * symbolize significance levels at 1%, 5%, and 10%, respectively. 

 

The significance of lnGDP p-value of 
0.0274), lnREN (p-value of 0.0460 ), and 
lnTR (p-value of 0.0311) at the 1% level is 
particularly notable. However, lnIQ is not 
significant at the 10% level (p-values of 
0.1198). The ECM in Table 6 reveals the 

short-term dynamics, showing the positive 
impact of past CO2 emissions on current 
levels, and the mixed short-term impacts of 
GDP and renewable energy.  
 

 
Table 6  
ARDL Short - term Estimation Results 
 

Variables Coefficient St. error T-ratio (p-values) 

△lnCO2(-1) 0.3862 0.0234 16.5213***(0.0036) 

△lnCO2(-2) 0.7996 0.0249 32.0752***(0.0010) 

△lnCO2(-3) 1.0446 0.0260 40.1513***(0.0006) 

△lnGDP 0.5776 0.0102 56.5104***(0.0003) 

△lnGDP(-1) -0.2683 0.0111 -24.1184***(0.0017) 

△lnGDP(-2) -0.2714 0.0123 -22.0887***(0.0020) 

△lnGDP(-3) -0.2580 0.0089 -28.9189***(0.0012) 

△lnIQ 0.1063 0.0039 27.2028***(0.0013) 

△lnIQ(-1) 0.3577 0.0077 46.5830***(0.0005) 

△lnIQ(-2) 0.3464 0.0084 41.1806***(0.0006) 

△lnIQ(-3) 0.1679 0.0061 27.7378***(0.0013) 

△lnREN 0.0079 0.0066 1.1997(0.3531) 

△lnREN(-1) -0.2422 0.0076 -31.8300***(0.0010) 

△lnREN(-2) 0.0870 0.0060 14.5221***(0.0047) 

△lnTR 0.9706 0.0241 40.3188***(0.0006) 

△lnTR(-1) -0.4760 0.0205 -23.2179***(0.0018) 

△lnTR(-2) -0.7122 0.0244 -29.1773***(0.0012) 

△lnTR(-3) -0.4754 0.0202 -23.5326***(0.0018) 

ECT (-1) -0.3919 0.0094 -41.8030***(0.0006) 

Diagnostic Tests F-statistic P-value  

Breusch-Godfrey LM 2.3702 0.3667  

Breusch-Pagan-Godfrey 0.2824 0.9544  

ARCH 0.5391 0.4702  

Ramsey-RESET test 0.4936 0.6101  

JB 1.6600 0.4360  

Note. ***, **, and * symbolize significance levels at 1%, 5%, and 10%, respectively. 
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On the other hand, a series of diagnostic tests 
were performed in Table 6 to test the validity 
and consistency of the ARDL model. The 
Breusch-Godfrey LM test is used to check 
that the model has no serial correlation. The 
Breusch-Pagan-Godfrey test and the ARCH 

test show that the model has no 
heteroscedasticity problem, while JB 
indicates that the residuals are normally 
distributed. The Ramsey-RESET test of 
functional form confirms that the modeling 
is appropriate. 

 
 

 
 
Figure 4  
Plot of CUSUM and CUSUMQ Tests 
 
In addition, Figure 2 shows that the 
fluctuations of both CUSUM and CUSUMQ 
do not exceed the limits within the sample 
period, indicating that the constructed ARDL 
model is stable. 
 
Discussion  
The empirical findings for Malaysia deviate 
from the expected EKC hypothesis, 
particularly with regard to lnIQ. The negative 
mean value of lnIQ and its lower probability 
(0.0187) raises concerns about the normality 
of the variable, challenging the notion that IQ 
improves with economic growth and supports 
environmental sustainability (Farzanegan & 
Markwardt, 2018; Solarin et al., 2017). This 
weak correlation between lnCO2 and lnIQ 
further suggests that IQ may not significantly 
reduce carbon emissions in Malaysia, aligning 
with opposing views from Holtz-Eakin & 
Selden (1995) and Mikayilov et al. (2018). 
 
The lack of a significant relationship between 
emissions and IQ indicates that improving IQ 
and economic development alone may not be 
enough to achieve environmental 
sustainability. This finding resonates with Gill 
et al. (2018), who emphasized the complex 
relationships between environmental and 

economic development. Policymakers should 
reassess the framework in light of Malaysia's 
departure from the EKC hypothesis and 
focus on alternative strategies, such as 
promoting renewable energy and 
strengthening trade regulations (Namahoro et 
al., 2021; Radmehr et al., 2021; Ugur et al., 
2018). 
 
Although the long-term positive relationship 
between GDP growth and CO2 emissions 
supports the initial phase of the EKC 
hypothesis, there is no evidence of a turning 
point where emissions decline as GDP 
continues to grow ( Bartlett, 1994; Grossman 
& Krueger, 1991). The mixed results for 
renewable energy and trade, combined with 
the insignificant impact of IQ, suggest that 
other factors may influence the relationship 
between economic growth and environmental 
quality, as proposed by Rongrong et al. (2021). 
Therefore, the EKC hypothesis is not fully 
supported in this context, and Malaysia’s 
experience does not confirm the hypothesis 
(refer to Equation (1)). 
 
The long-term and short-term impacts of 
macroeconomic variables on CO2 emissions 
provide critical insights for Malaysian 
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policymakers. The 1% increase in GDP, 
associated with a 2.2548% rise in CO2 
emissions, suggests that sustainable economic 
growth should be promoted by integrating 
green technologies and encouraging energy 
efficiency, such as through tax incentives for 
green investments and subsidies for 
renewable energy projects. When the 
coefficient for InIQ is negative, its lack of 
statistical significance suggests that industrial 
efficiency improvements alone may not 
consistently reduce emissions (Shahzad, 2020; 
Shahzad et al., 2020). The surprising positive 
correlation between InREN and CO2 
emissions may be due to inefficiencies in 
replacing non-renewable sources, 
necessitating greater efficiency in renewable 
energy deployment (refer to Equation (2)). 
 
In the short-term, past emissions have a 
significant path-dependence effect, indicating 
the importance of immediate measures to 
curb emissions, such as stricter regulations 
and incentives for low-carbon technologies. 
The negative coefficients for lagged GDP 
suggest that the initial positive impact of 
economic growth on emissions diminishes 
over time, emphasizing the need for long-
term investments in sustainable practices. The 
error correction term indicates a moderate 
speed of adjustment towards long-term 
equilibrium, signaling that emission reduction 
strategies must be continuously monitored 
and updated. These insights allow 
policymakers to design targeted interventions 
that balance economic growth with 
environmental sustainability, helping Malaysia 
achieve its emission reduction goals (Heidari 
et al., 2015; Saboori & Sulaiman, 2013) (refer 
to Equation (2)). 
 
 

5.     Conclusions 
 
In summary, this study employs the ARDL 
model to explore the dynamic interplay 
between economic variables and CO2 
emissions in Malaysia from 1991 to 2020, 
focusing on key indicators such as GDP, 
renewable energy consumption, IQ and trade. 
The findings highlight the complex 

relationship between economic development 
and environmental sustainability, providing 
valuable insights into the ongoing global 
discourse on climate change through the lens 
of Malaysia's economic development. The 
results show a significant long-term 
relationship between GDP, trade, carbon 
emissions, and renewable energy 
consumption, suggesting that economic 
development has a considerable impact on 
Malaysia’s carbon footprint. The inclusion of 
IQ in the model adds further complexity, 
reflecting the multifaceted relationship 
between financial development and 
environmental outcomes. 
 
The study introduces the EKC hypothesis in 
the Malaysian context and questions whether 
the conventional wisdom—that 
environmental awareness increases with 
economic development—applies to the 
country. The positive long-term relationship 
between GDP and CO2 emissions challenges 
the notion that economic growth inevitably 
leads to reduced environmental degradation. 
This highlights the uniqueness of Malaysia’s 
economic and environmental landscape. 
Additionally, the short-term dynamics 
revealed by the ARDL model illustrate the 
varied effects of renewable energy and IQ 
over time. These nuances are of critical for 
policymakers addressing the dual challenge of 
promoting economic development while 
ensuring environmental sustainability. The 
robustness of the ARDL model is supported 
by diagnostic tests and CUSUM/CUSUMQ 
charts, confirming the stability and reliability 
of the analytical framework. 
 
However, this analysis acknowledges certain 
limitations, particularly in the context of the 
EKC hypothesis. Some significant factors, 
such as population growth, government 
regulations, and technological advancements, 
may not have been fully explored. 
Additionally, the historical scope and data 
sources may limit the findings, suggesting that 
future research using more recent and 
comprehensive data could provide a clearer 
picture of emerging trends (refer to Equation 
(6)). 
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To address these limitations and enhance the 
understanding of the factors influencing 
environmental sustainability in Malaysia, 
future research should consider a broader 
range of factors. Incorporating qualitative 
data and case studies could offer deeper 
insights into the intricate dynamics between 
environmental quality and economic 
development. Expanding the scope to include 
comparative studies with other countries 
could reveal shared or unique contextual 
elements affecting environmental outcomes. 
These findings should inform sustainable 
development strategies, recognizing the need 
for a flexible and comprehensive approach, 
rather than relying exclusively on traditional 
economic metrics (refer to Equation (6)). 
 
Given the global imperative to balance 
economic prosperity and environmental well-
being, Malaysia serves as an instructive case 
study. This research offers not only academic 
insights but also practical guidance for 
policymakers worldwide. Its significance 
extends beyond Malaysia, providing broader 
implications for countries seeking to navigate 
the delicate balance between economic 
development and environmental 
responsibility. Ultimately, this study serves as 
a roadmap for sustainable development, 
offering a blueprint for harmonizing 
economic growth with environmental 
stewardship across borders. 
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