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Abstract: The issue of global warming has become increasingly documented as a major problem
facing the world. The present study adopted the autoregressive distributed lag (ARDL) model to
check the validity of the EKC hypothesis under the moderating role of industrialization on CO2

emissions, and to assess the relationship between CO2 emissions, energy consumption, industrial-
ization, economic growth, and financial development in Indonesia in the long and short term, in
three separate models employing data spanning the period 1983–2018. The results of the bounds ap-
proach prove the presence of a cointegration relationship between CO2 emissions, economic growth,
economic growth square, energy consumption, industrialization, and financial development. In
Model 1, the empirical outcomes demonstrate that a rise in economic growth leads to higher CO2

emissions. On the contrary, a rise in economic growth squared impedes CO2 emissions in the long run.
This result proves the validity of the environmental Kuznets curve hypothesis. Moreover, Model 2
reveals that economic growth and energy consumption foster higher CO2 emissions. Higher financial
development decreases the associated CO2. Model 3 shows that industrialization as a moderator
factor shows a reverse consequence of economic growth and economic growth squared on CO2.
Economic growth shows a significant negative impact on CO2, while economic growth squared
is linked positively with CO2 emissions, which does not validate the EKC hypothesis under the
moderating role of industrialization. This study recommends that industries’ transition from reliance
on excessive non-renewable energy sources to knowledge-based industrialization will reduce CO2

emissions and improve environmental quality.

Keywords: industrialization; economic growth; environmental Kuznets curve; financial development;
energy consumption

1. Introduction

The issue of global warming has become increasingly documented as a major prob-
lem facing the world. During the industrial revolution, the use of non-renewable energy
resources rose sharply for production purposes and led to the release of greenhouse gases
(GHG), which are considered as the essential cause of global warming and a sign of climate
change. These gases trap heat in the atmosphere and create the GHG effect [1]. Indonesia
has created a strategy for NDC implementation that consists of nine programs designed to
accelerate the transformational changes toward low-carbon and climate-resilient develop-
ment and to meet the 2030 target set in its Nationally Determined Contribution (NDC). To
mitigate emissions from 2020 to 2030 by an unconditional 29%, and up to a conditional 41%,
the Indonesian Government pledged in 2015, compared with the 2030 scenario of business
as usual, an unconditional commitment increase compared with the 2010 commitment of
26% [2].
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Numerous studies have been conducted to determine the impact of various factors on
environmental degradation, also known as the environmental Kuznets curve (EKC). For
example, ref. [1] studied the effect of urbanization on the EKC in Turkey using methods
such as dynamic ordinary least squares (DOLS) and fully modified ordinary least squares
(FMOLS), while [3] looked at the moderating effect of financial development on the EKC in
Pakistan using the ARDL bounds testing approach, and ref. [4] adopted the same approach
to examine the effect of financial development on the EKC in Malaysia.

In a different context, ref. [5] evaluated the influence of the manufacturing, agriculture,
and urbanization sectors in Indonesia on the EKC using the ARDL model. The findings
confirm the long-term validity of the EKC. The study revealed that manufacturing value
added, when measured as a percentage of GDP (used as a representation of the manu-
facturing sector), had a positive association with CO2 emissions for the manufacturing
sector. Additionally, the study by [6] aimed to evaluate the impact of energy consumption,
urbanization, and economic growth on environmental degradation in Indonesia from 1970
to 2018; utilizing the ARDL model, it discovered that both economic growth and energy
consumption exhibited a positive significant association with environmental degradation.
Moreover, ref. [7] used data from Indonesia from 1975Q1 to 2011Q4 to study the linkage
between CO2, financial development, trade openness, energy consumption, and economic
growth by employing the ARDL model. The empirical findings show that economic growth
is positively associated with CO2 emissions in the long term. Furthermore, energy consump-
tion and CO2 emissions are positively associated, while financial development is negatively
connected to CO2. In another study, ref. [8] employed the ARDL model and scrutinized
the relationship between CO2, trade openness, energy consumption, and economic growth
in Indonesia between 1980 and 2016. The outcomes suggest that economic growth and
energy consumption were positively correlated with CO2. To the best of our knowledge,
this study is pioneering in considering the moderating role of industrialization on the EKC
in Indonesia. Therefore, to fill this gap in knowledge and provide fresh empirical evidence,
the present study focuses on examining the moderating role of industrialization on the EKC
in Indonesia data covering the period 1983–2018. To attain this goal, the autoregressive
distributed lag model and seemingly unrelated regression have been applied to test the
validity of the conventional EKC, and to estimate the long- and short-term connections
between CO2 emissions, financial development, economic growth, industrialization, and
energy consumption. In addition, this study examines the validity of the EKC based on the
impact of the moderating role of industrialization in Indonesia.

The rest of this study is organized as follows. Section 2 provides the literature review.
The data and econometrics methodology are described in Section 3. In Section 4, the
empirical results are presented. Section 5 is devoted to concluding the study and provides
policy implications.

2. Literature Review

Numerous studies empirically show that financial development, energy consumption,
and economic growth are having an impact on environmental degradation. Moreover,
several studies have been concerned about the validity of the EKC hypothesis in the con-
ventional framework that describes the link between environmental quality and economic
growth. Furthermore, several studies have discussed the EKC hypothesis by incorpo-
rating relevant factors such as financial development, economic growth, urbanization,
international trade openness, and energy consumption. However, only a few studies have
considered the role of industrialization on environmental degradation and the moderating
role of industrialization on the EKC. For example, ref. [1] inspected the moderating role of
urbanization on the EKC in Turkey in the period 1960–2016. The empirical results from
DOLS and FMOLS supported the validity of the EKC in the presence of the moderating
role played by urbanization. Additionally, energy consumption has a favorable influence
on CO2. Another study by [4], exploring the moderating role of financial development,
tested the relationship between financial development and the EKC in Malaysia from
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1970 to 2016 using the ARDL model. The outcome did not support the environmental
Kuznets curve hypothesis. Financial development displayed a negative correlation with
CO2. Additionally, the relationship between income and the environment was significantly
moderated by the financial development role. The correlation between CO2 emissions
and energy consumption was found to be insignificant. The study by [9] analyzed the
moderating impact of financial development on Turkey’s carbon emissions between 1960
and 2016. The FMOLS, DOLS, and CCR empirical results showed that economic growth,
financial development, and energy consumption had a long-term positive impact on CO2
emissions with no moderating effects. Additionally, the findings supported the significance
of moderating the role of financial development as a determinant of carbon emissions. In ad-
dition, ref. [10] employed pooled mean group autoregressive distributed lag (PMG/ARDL)
model panel data covering the period 1994–2018 from 8 selected ASEAN+3 countries, and
found that industrialization and economic growth were negatively associated with CO2,
whereas financial development and energy consumption showed a positive influence on
CO2 emissions.

A study by [11] scrutinized the association between industrialization and carbon
dioxide emissions in the period 1991–2017 using data from Asian economies by applying
FMOLS. The findings showed that industrialization increased carbon dioxide emissions,
whereas per capita gross domestic product was negatively connected with CO2.

In addition, ref. [12] applied the nonlinear iterative partial least square (NIPALS)
regression in Senegal from 1980 to 2011, and found that an increase in financial development,
electricity consumption, and industrialization increased CO2. In contrast, carbon dioxide
emissions decreased when economic growth increased. Moreover, the empirical results
of [13] showed that there was a Granger causality between carbon dioxide emissions
and energy use. Financial development has a causal relationship with CO2. Granger
causes were also found from economic growth to carbon dioxide emissions. In Sri Lanka
from 1971 to 2012, bidirectional causality was found between industrialization and energy
use, while [14] applied the ARDL model data from Vietnam for the period 1985–2015.
The outcomes revealed that energy consumption and industrialization affected carbon
dioxide emissions positively. Furthermore, GDP per capita displayed a positive linkage
with CO2. Research by [15] examined the relationships between carbon dioxide emissions,
industrialization, economic growth, and electricity consumption in Benin from 1980 to 2012.
The outcomes from the ARDL model, in the long run, showed that industrialization and
electricity consumption intensified CO2 emissions.

3. Data and Methodology
3.1. Data

The moderating effects of the pertinent variables on the environmental Kuznets curve
have been examined in several studies in the environmental economics literature, for
instance, studies by [1,3,4,16,17]. Therefore, by examining the moderating effect of indus-
trialization on the EKC in Indonesia using data covering the period 1983–2018, this study
contributes to the previous literature. The dependent variables are carbon dioxide emissions
(CO2), expressed as per capita metric tons. The independent variables are per capita gross
domestic product (GDP) measured at constant 2010 USD, per capita GDP squared, industry
(including construction), value added (% of GDP), domestic credit in the private sector
provided by banks as a percentage of GDP, and per capita primary energy consumption.
For this study, GDP per capita is used to measure economic growth. Domestic credit from
the private sector is used to indicate financial development. Primary energy consumption
is the unit of measurement for energy consumption. Industrialization is gauged using
industry value added as a percentage of GDP. Energy consumption is an irreplaceable factor
in the industrialization process in order to obtain higher economic growth. Additionally,
financial development is an essential factor for supporting industrialization via promoting
banking systems activities and attracting FDI to expand industry. Industrialization expan-
sion, therefore, results in degrading the environment as long as energy consumption is an
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irreplaceable factor in industries’ processes. All the data were generated from the World
Development Indicators of the World Bank [18], except the primary energy (consumption
per capita) data, which were obtained from British Petroleum [19].

3.2. Theoretical Framework

The environmental Kuznets curve hypothesis (EKC) has been widely tested in the
environmental economic literature. Following the fundamental general models by [20,21],
the conventional environmental Kuznets curve framework is presented as:

LCO2t = α0 + α1LGDPt + α2LGDP2
t + µit (1)

where LCO2 indicates the natural logarithm of carbon dioxide emissions; LGDP represents
the natural logarithm of economic growth; LGDP2 is the natural logarithm of the square of
economic growth, α0 is the constant, µit is the error term, and α1 and α2 are the coefficients
of the independent variables.

Similarly to the study by [1], this study incorporates financial development, indus-
trialization, and energy consumption as relevant determinants of CO2 emissions and is
presented as:

LCO2t = α0 + α1LGDPt + α2LDCt + α3LINDt + α4LECt + µit (2)

where LDC, LIND, and LEC are financial development, industrialization, and energy
consumption, respectively.

To validate the existence of the hypothesis of the environmental Kuznets curve under
the moderating role of industrialization on CO2 emissions, this study examines the interac-
tions of industrialization with all the variables in the model. The interaction model frame
is as follows:

LCO2t = α0 + α1(LIND ∗ GDPt) + α2(LIND ∗ DCt) + α3(LIND ∗ ECt) + µit (3)

3.3. Econometrics Methodology

To investigate the presence of the EKC hypothesis under the moderating role of indus-
trialization on CO2 emissions, this study applied the autoregressive distributed lag (ARDL)
model to assess the link between CO2 emissions, energy consumption, industrialization,
financial development, and economic growth in Indonesia. The ARDL model has been used
in this study because it is appropriate for small samples; it also takes into consideration the
error correction model. The ARDL approach provides consistent and robust results because
it allows describing the existence of an equilibrium relationship in both long-run and
short-run dynamics without losing long-run information. The ARDL bounds test approach
can be applied regardless of whether the underlying regressors are integrated of order
one I(1) or order zero I(0). Seemingly unrelated regression is employed to scrutinize the
ARDL robustness estimations. Moreover, the augmented [22] unit root tests and the tests
recommended by [23] are used to check the stationarity of the variables. The cointegration
relationship is determined by the ARDL model bounds developed by [24]. The goodness-
of-fit of the estimated coefficients and residual stability was tested using diagnostic and
residual stability tests. The diagnostic tests are heteroscedasticity, serial correlation, Ramsey
RESET, and normality. The cumulative sum of squares of recursive residuals (CUSUMSQ)
is accompanied by the cumulative sum of recursive residuals (CUSUM) and are used to
investigate residual stability.

The initial step to analyzing the relationship between CO2 emissions, economic growth,
industrialization, energy consumption, and financial development, and examining the mod-
erating role of industrialization on the EKC, would be by reformulating Equations (1)–(3)
in the general framework of the ARDL model as follows:
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∆LCO2t = α0 + α1LCO2t−1 + α2LGDPt−1 + α3LGDP2
t +

q

∑
i=1

β1∆LCO2t−i +
q

∑
m=0

β2∆lnGDPt−m +
q

∑
q=0

β3LGDP2
t + µt (4)

∆LCO2t = α0 + α1LCO2t−1 + α2LGDPt−1 + α3LDCt−1 + α4LINDt−1 + α5LECt−1 +
q
∑

i=1
β1∆LCO2t−i

+
q
∑

m=0
β2∆LGDPt−m +

q
∑

q=0
β3∆LDCt−q +

q
∑

q=0
β4∆LINDt−q +

q
∑

p=0
β5∆LECt−p + µt

(5)

∆LCO2t = α0 + α1LCO2t−1 + α2(LIND ∗ LGDPt−1) + α3(LIND ∗ LGDP2
t−1) + α4(LIND ∗ LDCt−1)

+α5(LIND ∗ LECt−1) +
q
∑

i=1
β1∆LCO2t−i +

q
∑

m=0
β3(∆LIND ∗ LGDPt−m)

+
q
∑

h=0
β3

(
∆LIND ∗ LGDP2

t−h

)
+

q
∑

q=0
β3

(
∆LIND ∗ LDCt−q

)
+

q
∑

p=0
β5

(
∆LIND ∗ LECt−p

)
+ µt

(6)

where ∆ denotes the first difference, the Akaike information criterion (AIC) is used to
determine the optimal lag length q, and α0 is constant. The long-run coefficients are α1, α2,
α3, α4, and α5. The short-run coefficients are denoted by β1, β2, β3, β4, and β5. µt indicates
the error term.

The cointegration relationship in this study was checked by (H0: α1 = α2 = α3 = α4 =
α5 = 0), which means in the long run there is no cointegration relationship. This hypothesis
was tested against the hypothesis, which indicates that the cointegration relationship exists
(H1: α1 6= α2 6= α3 6= α4 6= α5 6= 0) in the long run.

The cointegration relationship supports the next step to estimate the association
between CO2 emissions, economic growth, industrialization, financial development, and
energy consumption in the long and short term, and examines the moderating role of
industrialization on the environmental Kuznets curve.

4. Empirical Results Analysis
4.1. Descriptive Statistics and Correlations

The empirical analysis in the study started with some descriptive and correlation
analysis to explore the reliability, variations, and correlation between the variables [4].
Descriptive statistics and correlations results are presented in Tables 1 and 2, respectively.

Table 1. Descriptive statistics.

Statistic LCO2 LGDP LGDP2 LDC LIND LEC

Mean 0.231629 7.758877 60.31193 3.402092 3.737059 2.896310
Maximum 0.778619 8.362820 69.93675 4.107857 3.872466 3.406071
Minimum −0.4091 7.186138 51.64058 2.706816 3.520112 2.079032
Std. Dev. 0.371550 0.339038 5.269909 0.388221 0.088382 0.409237
Skewness −0.3695 0.066454 0.133577 0.296444 −0.3551 −0.5569

Jarque–Bera 3.092900 1.391482 1.448703 2.018818 0.972742 3.217596
Probability 0.213003 0.498705 0.484639 0.364434 0.614854 0.200128

Table 2. Correlation analysis.

LCO2 LGDP LGDP2 LDC LIND LEC

LCO2 1 0.958729 0.95499 −0.00975 0.560719 0.98951
LGDP 1 0.999759 0.140684 0.391257 0.950668
LGDP2 1 0.135033 0.377105 0.945168

LDC 1 −0.12097 0.041527
LIND 1 0.572545
LEC 1
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Based on the standard deviation value in Table 1, economic growth squared is more
volatile between the series. Moreover, energy consumption shows a higher variation
than the other variables. All the variables are normally distributed as indicated by the
Jarque–Bera test. Moreover, the skewness test demonstrates that economic growth and
economic growth squared have low positive skewness value of 0.066 and 0.133 respectively.
Furthermore, financial development shows a low positive skewness value of 0.296, while
CO2 emissions and industrialization display low negative skewness. Additionally, energy
consumption is found to have a moderate negative skewness value of −0.557.

As shown in Table 2, economic growth has a high positive correlation with CO2,
suggesting that as long as a country’s economic growth increases, CO2 will rise as well.
Furthermore, the square of economic growth and industrialization have a high positive
correlation with CO2, indicating that the higher the square of economic growth and indus-
trialization, the higher the rise in CO2 will be. Additionally, energy consumption shows
a positive correlation with CO2, whereas financial development demonstrates a negative
correlation with CO2, suggesting that a country’s financial development might be acting
as a proxy to reduce CO2. Notably, industrialization shows a negative correlation with
financial development.

In the next step, after descriptive statistics analysis and correlations matrix discussion,
this study performs the augmented Dickey–Fuller and Phillips tests to check the properties
of the time series. The results are shown in Table 3.

Table 3. The unit root tests.

Variable PP ADF
Constant Constant and Trend Constant Constant and Trend

t-Statistic t-Statistic t-Statistic t-Statistic

LCO2 −1.0066 −1.6614 −0.9593 −1.6972
LGDP −0.0373 −1.7953 −0.0373 −2.154
LGDP2 0.2339 −1.6687 0.2339 −2.037

LDC −2.255 −2.1949 −2.4191 −2.4692
LIND −1.6619 −1.649 −2.2346 −0.6079
LEC −4.2492 −0.9984 −3.6747 ** −1.0967

LIND∗LGDP −0.8328 −2.0836 −1.6292 −1.284
LIND∗LGDP2 −0.3631 −2.4137 −1.2196 −3.1414

LIND∗LDC −2.1625 −2.1975 −2.6117 −2.5702
LIND∗LEC −2.3154 0.0699 −3.249 ** 0.3175

∆LCO2 −6.3444 *** −6.3392 *** −6.3444 *** −6.3225 ***
∆LGDP −4.3466 *** −4.2949 *** −4.3579 *** −4.3054 ***
∆LGDP2 −4.3175 *** −4.2935 *** −4.3308 *** −4.3055 ***

∆LDC −4.1917 *** −4.1841 *** −4.2009 *** −4.1883 **
∆LIND −5.2472 *** −5.3091 *** −0.9245 −6.0075 ***
∆LEC −4.5623*** −6.2403 *** −4.5758 *** −3.6609 **

∆LIND∗LGDP −4.9206 *** −5.5082 *** −5.6314 *** −5.7996 ***
∆LIND∗LGDP2 −5.1387 *** −5.5461 *** −5.3092 *** −5.3231 ***

∆LIND∗LDC −4.1773 *** −4.1472 ** −4.2416 *** −4.2444 **
∆LIND∗LEC −3.8496 −5.2222 *** −1.9009 −5.3885 ***

** indicates significant at 5%; and *** indicates significant at 1%.

According to the Phillips and Perron (PP) and augmented Dickey–Fuller (ADF) results
shown in Table 3, the only two variables that are stationary at the level are LEC and
LIND*LEC, based on the result of the ADF test. However, the findings of PP and ADF at
the first difference demonstrate that CO2 emissions, economic growth, industrialization,
financial development, and squared economic growth are stationary.

4.2. Cointegration Test

To examine the moderating role of industrialization on the environmental Kuznets
curve, after confirming the variables were stationary, this study employed the bounds
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test for cointegration to analyze the cointegration relationship between CO2 emissions,
economic growth, industrialization, financial development, economic growth squared, and
energy consumption. The outcomes are shown in Table 4.

Table 4. Bounds test for cointegration.

Model Test Statistics Value Signif. I(0) I(1)

CO2 = f (LGDP, LGDP2) F-statistic 8.264100 10% 2.63 3.35
k 2 5% 3.1 3.87

2.5% 3.55 4.38
1% 4.13 5

CO2 = f (LGDP, LDC, LIND, LEC) F-statistic 5.509467 10% 2.2 3.09
k 4 5% 2.56 3.49

2.5% 2.88 3.87
1% 3.29 4.37

LCO2 = f (LIND∗LGDP, LIND∗LGDP2,
LIND∗LDC, LIND∗LEC)

F-statistic 5.013581 10% 2.2 3.09

k 4 5% 2.56 3.49
2.5% 2.88 3.87
1% 3.29 4.37

As seen from Table 4, the calculated F-statistics in all models exceeded the bounds test
critical value at a 1% significance level and proved that the null hypothesis, which suggests
there is no cointegration relationship, has been rejected. These findings show the presence
of cointegration between CO2, economic growth, industrialization, financial development,
economic growth squared, and energy consumption in Indonesia.

4.3. Long- and Short-Run Relationship Analysis

The existence of a cointegration relationship between the variables supports the next
step: to estimate the long- and short-run relationship between CO2, economic growth,
industrialization, financial development, economic growth squared, and energy consump-
tion. Consequently, the ARDL long- and short-run relationships have been estimated for
Models 1, 2, and 3. The results are reported in Table 5.

The short- and long-term relationships for the three models are shown in Table 5. The
results of the traditional environmental Kuznets curve are examined in Model 1. According
to Table 5, economic growth in Model 1 has a positive effect on CO2 emissions and is
statistically significant at the 5% level, whereas there is a 5% significant negative correlation
between economic growth squared and CO2 emissions. This finding is consistent with [3,5].
These findings support the validity of the environmental Kuznets curve hypothesis, which
predicts that, close to the turning point, a rise in economic growth will result in a decrease
in CO2 emissions and an improvement in environmental quality. According to the coeffi-
cient of economic growth (LGDP), a 1% increase in economic growth will result in 11.41%
increase in CO2 emissions. The coefficient of the square of economic growth (LGDP2), on
the other hand, shows that a 1% increase in the square of economic growth results in a
0.667% decline in CO2 emissions. Model 2 also focuses on estimating the important factors
that affect CO2 emissions. The empirical findings from Model 2 show that a rise in energy
consumption leads to higher CO2. Additionally, increasing economic growth results in
more CO2 emissions, as demonstrated by the positive sign at a 1% significance level. These
findings are consistent with [1,8,9]. These results supported the fact that relying heavily
on extensive energy use from various unclean resources degraded environmental quality.
While financial development was found to have an effective role in improving environ-
mental quality by minimizing CO2 emissions by 0.077%, equivalent to any 1% financial
development increase, these results are in line with [3,4]. This outcome suggests that a
well−developed financial sector contributes significantly in ameliorating environmental
quality in Indonesia. Industrialization has a statistically insignificant positive influence
on CO2 emissions. When comparing Model 1 and Model 3, Model 3 demonstrates that
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industrialization as a moderating factor exhibits a counter−effect to economic growth
and economic growth squared on CO2. Furthermore, economic growth has a substantial
negative effect on CO2 emissions, while the square of economic growth is positively related
to CO2. This outcome does not support the environmental Kuznets curve hypothesis when
the moderating effect of industrialization is taken into account. This can be attributed to
industrial expansion, since attaining rapid economic growth lowers environmental quality
by emitting more CO2 emissions into the atmosphere. The short-run part of Table 5 shows
that the coefficients of the error term for Models 1, 2, and 3 are all negative in effect and
statistically significant. This outcome demonstrates that the deviation from the long-term
equilibrium will be corrected by 0.21%, 0.88%, and 0.50% per year, respectively.

Table 5. ARDL Long- and short-run analysis.

Variable

Long-Run Relationship
Model 1 Model 2 Model 3

Coefficient Prob. Coefficient Prob. Coefficient Prob.

LGDP 11.41220 0.0233 0.489528 0.0006
LGDP2 −0.667268 0.0375

LDC −0.076696 0.0070
LIND 0.287411 0.0982
LEC 0.477488 0.0008

LIND∗LGDP −0.216657 0.0227
LIND∗LGDP2 0.014464 0.0002

LIND∗LDC 0.024503 0.3814
LIND∗LEC 0.259672 0.0070

C −47.94623 0.0149 −5.731712 0.0000 0.159170 0.8969

Short-run relationship

D(LCO2(−1)) −0.267268 0.0436
D(LCO2(−2)) −0.318143 0.0280

D(LGDP) −0.075883 0.6453
D(LGDP(−1)) −0.167799 0.3097
D(LIND∗LDC) −0.004128 0.5915
D(LIND∗LEC) 0.203201 0.0000

ECM(−1) −0.210985 0.0000 −0.881672 0.0000 −0.503041 0.0000

R2 0.226909 0.508254 0.558709
Adjusted R2 0.226909 0.476529 0.495667

Durbin–Watson 2.296389 1.819584 2.110049
Heteroscedasticity 0.755487 0.5276 0.324347 0.9359 0.951772 0.5021

Serial Correlation LM 1.495765 0.2409 0.443843 0.6467 0.395270 0.6784
Jarque–Bera 0.271081 0.8732 1.388276 0.499507 5.641988 0.059547

Ramsey RESET 1.644723 0.2095 1.693877 0.2050 0.665649 0.4233

Furthermore, the ARDL estimations robustness was checked by estimating the seem-
ingly unrelated regression. The outcomes are reported in Table 6. The robustness results
reported in Table 6 support the long-run findings of the ARDL model.

Table 6. Seemingly unrelated regression.

Variable Model 1 Model 2 Model 3

LGDP 9.028 *** 0.395 ***
(1.957) (0.0793)

LGDP2 −0.513 ***
(0.126)

LDC −0.0759 ***
(0.0175)
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Table 6. Cont.

Variable Model 1 Model 2 Model 3

LIND 0.237 **
(0.111)

LEC 0.561 ***
(0.0729)

LIND∗LGDP −0.126 ***
(0.0273)

LIND∗LGDP2 0.0146 ***
(0.00165)

LIND∗LDC −0.0165 ***
(0.00478)

LIND∗LEC 0.156 ***
(0.0197)

Constant −38.85 *** −5.084 *** −0.885 **
(7.593) (0.713) (0.417)

Observations 36 36 36
R−squared 0.945 0.989 0.989

Standard errors are in parentheses. *** p < 0.01, ** p < 0.05.

4.4. Diagnostic Tests and Parameters Stability

This study conducted diagnostic tests to capture heteroscedasticity, serial correlation,
functional form, and normality. The results are reported in the bottom part of Table 5 and
show that the estimated models are homoscedastic, do not exhibit serial correlation, and are
normally distributed, as explained by the Jarque–Bera test. Additionally, the functional forms
are properly formulated. Furthermore, the cumulative sum of recursive residual (CUSUM) and
cumulative sum square of recursive residuals (CUSUMSQ) techniques have been employed
to test the stability and reliability of estimated coefficients in the long and short term in all
three models. The outcomes are depicted in Figures 1 and 2 for Model 1, Figures 3 and 4 for
Model 2, and Figures 5 and 6 for Model 3, respectively. The CUSUM test was applied to check
the systematic changes in the estimated coefficients, while the CUSUMSQ test was used to
inspect the sudden change in the stability of the coefficients. If the CUSUM and CUSUMSQ
test statistics fall between the straight lines of critical bounds at a 5% significance level, the
null hypothesis of stability of the estimated parameters will be accepted.
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Figures 1–6 demonstrate that the CUSUM and CUSUMSQ are placed within the
straight line of critical bounds at a 5% significance level. This result shows and proves
stability and reliability for all the estimated coefficients during the study period.

5. Conclusions and Policy Implications

In this study, Indonesian data from 1983 to 2018 are used to examine the moderating
effects of industrialization on the environmental Kuznets curve. The dependent variables
are carbon dioxide emissions (CO2), expressed as per capita metric tons. The independent
variables are per capita gross domestic product (GDP) measured at constant 2010 USD, per
capita GDP squared, industry (including construction), value added (% of GDP), domestic
credit in the private sector provided by banks as a percentage of GDP, and per capita
primary energy consumption. For this study, GDP per capita is used to measure economic
growth. Domestic credit in the private sector is used to indicate financial development.
Primary energy consumption is the unit of measurement for energy consumption. Indus-
trialization is gauged using industry value added as a percentage of GDP. The data were
generated from the World Development Indicators of the World Bank, except the primary
energy (consumption per capita) data, which were obtained from British Petroleum.

To test the validity of the EKC hypothesis under the moderating role of industrial-
ization on CO2, the present study applied the ARDL model to estimate the long- and
short-term relationship between CO2 emissions, economic growth, industrialization, fi-
nancial development, and energy consumption. According to the unit root tests, CO2,
economic growth, energy consumption, economic growth squared, industrialization, and
financial development at the first difference are stationary. The cointegration findings
confirm the existence of a cointegration relationship between CO2 emissions, economic
growth, industrialization, financial development, economic growth squared, and energy
consumption. In Model 1, the empirical outcomes demonstrate that a rise in economic
growth leads to higher CO2 emissions. On the contrary, a rise in economic growth squared
impedes CO2 emissions in the long run. This result proves the validity of the environmental
Kuznets curve hypothesis and predicts that after the turning point, higher economic growth
will lead to lower CO2 emissions and better environmental conditions. Moreover, Model 2
reveals that economic growth causes a surge in CO2, and energy consumption also fosters
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CO2 emissions, while a negative result for the financial development coefficient leads to
reduced CO2 emissions and significantly improves environmental quality. Furthermore,
the coefficient of industrialization shows a statistically insignificant positive link with CO2.
Model 3 shows that industrialization as a moderating factor shows a reverse consequence
of economic growth and economic growth squared on CO2. Economic growth shows a
significant negative impact on CO2, while economic growth squared is linked positively
with CO2 emissions, which does not validate the EKC hypothesis presence under the
moderating role of industrialization.

The coefficients of the error correction term in Models 1, 2, and 3, as shown in the short-
run part of Table 5, are negative and statistically significant, indicating that the deviation
from long-run equilibrium is adjusted by 0.21%, 0.88%, and 0.50% per annum, respectively.
The diagnostic and stability test results showed and proved stability and reliability for all
the estimated coefficients during the study period.

Due to industrial expansion, rapidly expanding economies have relied heavily on
extensive energy use from various resources, which degrades environmental quality. The
empirical findings of this study show that industrialization has a significant positive impact
on environmental quality in Indonesia by changing the economic sectors that rely on
green technologies and less energy−intensive production inputs. Furthermore, industries’
transition from reliance on excessive non−renewable energy sources to knowledge−based
industrialization will reduce CO2 emissions and improve environmental quality.

Additionally, exports from sectors requiring less energy could show how Indonesian
industrialization has improved the nation’s environment and decreased carbon emissions.

By facilitating funding access, lowering capital outflow, and boosting economic activity
by utilizing environmentally friendly technologies, financial development increases the
efficacy of initiatives to improve environmental quality. Furthermore, the empirical findings
display that energy consumption and economic growth lead to higher CO2 emissions. To
maintain stable economic growth and ensure better environmental quality in Indonesia,
energy from clean and renewable sources would make a significant contribution.

Although this study contributes significantly to the literature on environmental, in-
dustrialization, energy consumption, and economic growth, particularly in Indonesia and
other developing nations, it has limitations, such as restrictions related to the length of the
time period covered and the use of a single country, especially Indonesia. Future research
could therefore consider extending the time period, using panel data, and additionally
including institutional variables.
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