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ECONOMIC GROWTH AND
ENVIRONMENTAL DEGRADATION
PARADOX IN ASEAN:

A SIMULTANEOUS EQUATION
MODEL WITH DYNAMIC PANEL
DATA APPROACH

Abstract

Economic variables are dynamic in nature. This paper uses a simultaneous equation
model to assess the complexity of the link between economic expansion and environ-
mental deterioration in ASEAN. The study examines how CO2 emissions, economic
growth, public health initiatives, and control factors interact using dynamic panel data
from 2011 to 2020. The population, the amount of forested land, the use of renewable
energy, foreign investment, the inflation rate, the total amount of foreign exchange
reserves, and government health policies are just a few examples. In order to provide a
reliable and accurate assessment of the long-term relationship, this study employs the
generalized approach of the Arellano-Bond moment method. The econometric tech-
nique deals with the issues of nonstationary, endogeneity, cross-error correlation, and
heteroscedasticity.

Additionally, the two stage least square (2SLS) method was used to assess the results’
robustness. According to the statistical results, there is a causal link between CO2
emissions and economic growth, and between CO2 emissions and energy consump-
tion. Furthermore, according to the data, ASEAN CO2 emissions showed a monotoni-
cally growing relationship during the sample period. Policymakers may use these find-
ings since they can aid in implementing economic measures to promote sustainable
and ecologically friendly development.

Keywords simultaneous equation model, CO2 emissions, dynamic
panel data, economic growth, energy consumption,
ASEAN

JEL Classification Q43, 044, C30, C33

INTRODUCTION

Environmental damage has become a global issue and a common concern
for people worldwide. Industrial growth has contributed to widespread
environmental damage, especially in recent decades, and has affected the
world’s health, ecology, and climate balance (Radmehr et al., 2021). With
the rapid expansion of industry, there has been exploitation and deple-
tion of the earth’s minerals and resources, as well as environmental deg-
radation in the form of an increase in critical land, water pollution, and
air pollution. The expansion of essential land has had unfavorable effects,
such as flooding throughout the wet season and drought throughout the
dry season. Ten ASEAN nations were compelled to reach a regional agree-
ment on smog pollution that crosses international borders due to the se-
vere effects of air pollution (Mughal et al., 2021) from smog and forest fires
(Nazeer & Furuoka, 2017; Thanh et al., 2019). Energy use has both imme-
diate and long-term effects on environmental quality in various ASEAN
nations (Haruna & Mahmood, 2018).
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Environmental degradation increased due to the significant increase in the economic growth of numer-
ous ASEAN nations (Haruna & Mahmood, 2018; Hu et al., 2021; Mughal et al., 2021; Thanh et al., 2019).
Due to this phenomenon, numerous studies have provided empirical evidence that economic growth
will affect environmental quality changes during the early stages of development until a specific limit is
reached. After this point, the condition will result in improved environmental conditions.

Using a yearly data set covering the years 1980-2014, Bakhsh et al. (2017) identified the factors that
influence foreign direct investment (FDI) inflows into Pakistan as well as their direct effects on the
environment’s degradation and the growth of the economy. CO, emissions in the atmosphere are an-
other factor that can be used to gauge the severity of air pollution. Rizk and Slimane (2018) analyzed
the association between poverty and CO, emissions from 146 nations between 1996 and 2014 as a kind
of environmental deterioration. The major finding is that poverty and CO, emissions have a nonlinear
relationship that might cause poverty to increase and the environment to degrade. Therefore, the fun-
damental policy advice is that all nations should strengthen their institutional foundation to reduce
poverty and environmental damage (Abdouli & Hammami, 2020).

In most nations worldwide, environmental deterioration is mainly caused by economic expansion and
FDI (Bakhsh et al., 2017; Ren et al., 2021). Through technological transfer, higher productivity, and the
introduction of new managerial techniques and procedures, the flow of foreign investment serves as a
direct source of capital to promote economic growth. Additionally, FDI inflows aid in the financial de-
velopment of the investing nation. This suggests that FDI increases the amount of money the financial
system has access to. As a result, these funds support economic growth as well as the development of
financial markets. It is also claimed that international businesses can use banking services to get loans,
overdraft facilities, or to pay suppliers of semi-finished items. On the other hand, higher FDI inflows
and economic expansion result in a reduction in the environment’s quality.

It is impossible to ignore environmental degradation, including water and air pollution, which can jeop-
ardize the viability of development. Engineering and compositional impacts show that more economic
expansion results in higher pollution emissions (Bakhsh et al., 2017). The scale effect demonstrates that
while pollution has a detrimental impact on growth, the stock of labor and capital benefits Pakistan’s
economy. Economic expansion and FDI have a favorable and considerable impact on capital stock in
terms of the effect of capital accumulation. Even if economic expansion increases pollution, economic
growth declines when pollution levels go beyond a certain point. As a result, solutions must be found to
combat more severe air pollution. However, the majority of research is based on cross-sectional studies,
and very few studies have used the panel data simultaneous equation technique (Ali et al., 2021; Bakhsh
et al., 2017; Garza-Rodriguez, 2018; Haruna & Mahmood, 2018; Ren et al., 2021; Rizk & Slimane, 2018;
Thanh et al., 2019). The model, which is still the subject of discussion, calls for a substitute model with
new variables, specifically fiscal and monetary policies.

A simultaneous equation system has the characteristic that it consists of several equations (Baltagi & Liu,
2009). In addition to mathematical and phenomenal, there is a relationship between these equations
(Rose et al., 2020). The model in this simultaneous equation system has endogenous and explanatory
variables in each equation, unlike the single equation system. Explanatory variables in one equation
may also be endogenous variables in another. As a result, these variables can be correlated with oth-
er explanatory variables. In this case, the estimation of ordinary least squares (OLS) cannot be used
because OLS in a simultaneous equation system will produce biased and inconsistent parameter esti-
mates (Gujarati, 2022). One alternative for estimation is the two-stage least square (2SLS) method. This
method will produce one estimator for one parameter and a standard error for each estimator (Gujarati,
2022). Several previous studies have shown that it is possible to use a simultaneous equation model in
environmental economics because the variables tend to have a simultaneous relationship (Omri, 2013).
Based on the phenomenon, there is a relationship between economic variables, so it cannot be modeled
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with a simple or multiple regression model. Thus, this study used the 2SLS method for factors that affect
economic growth and environmental damage.

A simultaneous equation can also be used to model the correlation between economic upswing and
poverty alleviation over the long and short term (Garza-Rodriguez, 2018). It was discovered through
the vector error correction model (VECM) that poverty reduction and economic growth in Mexico are
causally related in both directions. Ren et al. (2021) identified the crucial commitment to achieving
China’s sustainable development as the primary factor impacting the carbon emissions of China’s steel
sector. To determine the impact of malaria on working time during the agricultural production stage,
Rose et al. (2020) used the three-stage least squares (3SLS) simultaneous equation model on cross-sec-
tional data gathered from 252 agricultural employees.

This paper examines the interaction between CO, emissions, economic expansion, and national health
policies in a panel of 10 ASEAN nations using simultaneous equation modeling on dynamic panel data.
Unfortunately, there are still not many empirical studies that apply simultaneous equation modeling
with growth rates in each ASEAN nation to investigate the link between CO, and GDP on fossil-based
energy consumption, total foreign currency reserves, and renewable energy use. However, with the help
of this model, it is possible to simultaneously analyze how government policies, CO, emissions, and
economic growth are related (Saidi & Hammami, 2015). In particular, this paper makes use of a model
with two structural equations that allow for the concurrent effects:

(I) The impact of CO, emissions, FDI, fossil fuel use, population, inflation rate, and overall reserves
impact of foreign exchange on economic expansion is investigated.

(II) The impact of population expansion, economic growth, government health policies, FDI, fossil fuel
consumption, and renewable energy consumption on environmental pollution is investigated. In
this paper, the growth rate is considered in the modeling approach to evaluate the short-run elastic-
ity rather than the long-run.

1. LITERATURE REVIEW

AND HYPOTHESES

In the simultaneous equation model, there are
two kinds of equations: structural and reduced
form. The structural equation is the original
equation that describes the behavior of the re-
lationship between the existing variables. In
contrast, the reduced equation is an equation

1.1. Theoretical literature review

A simultaneous equation model has multiple equa-
tions connected. As a result, a variable in a simul-
taneous equation can play the dual roles of both
independent and dependent variables. This is pos-
sible in the simultaneous equation model. There
are endogenous variables and predetermined var-
iables in a simultaneous equation model. The pre-
determine variable is a variable whose value can
be determined in advance but is not directly de-
cided by the equation. In contrast, the endogenous
variable is the dependent variable determined in
the simultaneous equation system (non-stochas-
tic). Exogenous variables and endogenous lag var-
iables are the two categories into which predeter-
mined variables fall (Gujarati, 2022).

http://dx.doi.org/10.21511/ee.13(1).2022.14

with endogenous variables only influenced
by the predetermined variable and the error
component.

In panel data regression, the dependent variable
is also affected by the dependent variable from
the preceding period (lag 1), so the model is said
to be a dynamic panel data model. The dynamic
panel data regression model in economic research
is more suitable for finding the relationship be-
tween economic variables. This dynamic panel da-
ta model can be seen from the lag of the depend-
ent variable between the independent variables.
The dynamic panel data model can be written as
(Gujarati, 2022):
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Y, = oY, +X'i,t B +u,,

i1
t=12,....T,

i=1.2.....N, @)

where N denotes the number of observations, T
is the number of time periods, Y,, response var-
iable for individual i at time ¢, YM_L independent
variable for individual i at time ¢ (lag 1), X, is vec-
tor transpose of the independent variable for the
i-th individual on t-th time measuring 1 x k, § is
the intercept coefficient which is a scalar, f is in-
dependent variable parameter vector of size k x 1,
and u, is component error model for individual i
at time ¢.

The problem in the dynamic panel data model
is when Y, isa function of U, then the result
Vi is also a function of u,,. As a result, the in-
dependent variable on the right side of y,  cor-
related with each other u, if the solution uses
the usual panel data estimation method, it will
cause the results to be biased and inconsistent.
To overcome this problem, two approach meth-
ods can provide unbiased and consistent results:
GMM Arellano Bond and GMM Blundel Bond.
First, however, it is necessary to use an instru-
mental variable method to facilitate the estima-
tion of the GMM method.

Over the past 20 years, some theoretical studies
have concentrated on the relationship between
political activities, CO, emissions, FDI inflows,
and economic development. The neo-classi-
cal growth model postulates that FDI inflows
can boost the capital stock, quickening eco-
nomic expansion. The new growth hypothesis
then contends that both long- and short-term
economic development are aided by the tech-
nological advancements brought forth by FDI
inflows. However, because of liberalization, de-
regulation, and privatization policies, FDI slows
down economic growth. Furthermore, financial
development and economic growth can happen
independently of one another. However, a high-
er rate of economic expansion has been attained
at the expense of environmental deterioration.

The Environmental Kuznets Curve (EKC) is a
tool for analyzing the relationship between gov-
ernment and environmental policies. This sug-
gests that as financial development increases
industrial activity to achieve profitable growth,
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environmental degradation increases during
the primary stage. However, as financial de-
velopment advances to the next stage, invest-
ments in environmental projects and access to
cutting-edge technology are made to slow down
environmental degradation. However, the en-
vironment was considered another production
element in the traditional trade perspective
on comparative advantage. However, this view
contends that developing nations should adopt
lax environmental standards to increase FDI
inflows.

Furthermore, wealthy nations enforce strict
environmental laws to reduce pollution out-
put, which promotes FDI in developing na-
tions or places with lax environmental laws.
Additionally, the environment and FDI inflows
are thought to be positively correlated, accord-
ing to the Neo-Technology Trade Theory. This
suggests that because of stringent environmen-
tal rules, FDI inflows utilize technology regard-
ing the environment.

In the early 1980s, the theoretical links between
governmental policy and economic growth (as
measured by FDI and GDP proxies) were exam-
ined. To encourage investment in cutting-edge
technology, a structure for financial develop-
ment is necessary yet insufficient. Furthermore,
according to some studies, FDI inflows and
financial developments are tightly associated.
This implies that FDI can help countries with
more developed financial markets benefit more
from economic growth promoting FDI.

1.2. Analyzing empirical literature and
formulating hypotheses

Economic growth is proxied by the variables of GDP
(Mughal et al., 2021), population (Rizk & Slimane,
2018), FDI (Ren et al., 2021), and fuel consumption
(Ali et al., 2021; Garza-Rodriguez, 2018). Indicators
of the success of a country’s economy are reflected
in the high GDP, the increased flow of investment
into the country, stable inflation and interest rates,
and ultimately the implications for creating new
jobs. Under the pretext of accelerating the develop-
ment process to catch up with developed countries,
developing countries (Ali et al., 2021) carry out var-
ious maneuvers to achieve high economic growth

http://dx.doi.org/10.21511/ee.13(1).2022.14



without carrying out further studies of changes in
the large-scale transformation of the economic sys-
tem so fast (Rizk & Slimane, 2018).

The impact of economic growth on the deterio-
ration of the natural environment has been the
subject of many studies. For example, according
to Bakhsh et al. (2017), who studied the impact
of economic growth on carbon dioxide emis-
sions, waste, and foreign investment in Pakistan,
increased economic growth is likely to increase
the amount of emissions that contribute to
pollution.

The impact of pollution has a detrimental ef-
fect on the country’s environmental quality. In
contrast, the investment and labor of foreign
nationals have a positive impact on the expan-
sion of Pakistan’s economy. This also occurred
in several other countries that are still develop-
ing (Ali et al., 2021), such as Vietnam (Hu et al,,
2021), Malaysia (Haruna & Mahmood, 2018),
Nigeria, and Mexico (Garza-Rodriguez, 2018).
Furthermore, for the ASEAN region (Thanh et
al., 2019; Mughal et al., 2021), economic growth
generally affects environmental pollution (Khan
et al., 2019). Therefore, this study hypothesizes:
HI: There are contributions of CO, emissions,
government policies in the health sector, FDI,
consumption of fossil fuels, population, in-
flation rates, and total foreign exchange
reserves to economic growth in ASEAN
countries.

Over the past two decades, a number of em-
pirical studies have examined the connection
between FDI inflows, economic growth, the
environment, and governmental policy. A sim-
ilar quadratic association between income and
CO, emissions is demonstrated by Thanh et al.
(2019). This suggests that China has an invert-
ed U curve. In line with that, Garza-Rodriguez
(2018) tested the EKC hypothesis in Malaysia
from 1980 to 2009 using the auto-regressive dis-
tributed lag (ARDL) methodology. Using the
fixed-effect model and the generalized methods
of moment (GMM) methodology, Haruna and
Mahmood (2018) discovered a unidirectional
relationship between GDP and carbon dioxide
emissions.

http://dx.doi.org/10.21511/ee.13(1).2022.14

Environmental Economics, Volume 13, Issue 1, 2022

In addition, it was found that Indonesia is one of
the countries in which there is a link in the shape
of an inverted U between the governmental poli-
cies and the amount of carbon emission (Nazeer
& Furuoka, 2017). More specifically, they draw at-
tention to the fact that as the financial sector ma-
tures, government initiatives initially result in a
drop in CO, emissions. Hu et al. (2021) have dis-
covered that Pakistan’s CO, emissions that are re-
duced because of financial factors are significantly
smaller than those that are increased due to rising
per capita income. The hypothesis to be tested is:
H2: There is an influence of economic growth,
government policies in the health sector, for-
est area, FDI, consumption of fossil-based
energy, population, and consumption of re-
newable energy on environmental pollution.

In observing development, increasingly forget-
ting about natural preservation, further research
is needed on the extent to which the use of the
environment as natural capital is efficient (Hu et
al., 2021). Moreover, it is vital to understand the
consequences of environmental degradation and
how the concept of environmental sustainability
is associated with policies or regulations that ap-
ply to the environment appropriate to minimize
environmental degradation in the context of sus-
tainable development (Nazeer & Furuoka, 2017).
Theoretical representations of the connection be-
tween economic growth (Breunig & Majeed, 2020)
and environmental degradation have been formu-
lated by many previous researchers using regres-
sion models (Ali et al., 2021; Haruna & Mahmood,
2018) and panel data (Hu et al., 2021; Mughal et
al., 2021; Nazeer & Furuoka, 2017; Rizk & Slimane,
2018; Rose et al., 2020) and 3SLS (Bakhsh et al.,
2017). Thus,

H3: There is an interaction between increasing
economic growth and concurrent environ-
mental deterioration with support from gov-
ernment policy factors in the health sector,
forest area, FDI, consumption of fossil-based
energy, population, consumption of renew-
able energy, inflation rate, and total foreign
exchange reserves.

Current research on ASEAN nations has produced
a mixed bag of findings. As a result, it is chal-
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lenging to offer the proper guidance and counsel
to decision-makers as they develop each nation’s
foreign, environmental, economic, and financial
policies. One possible explanation is that prior re-
search should have considered the four-way inter-
action between each country’s economic growth,
FDI inflows, CO, emissions, and government pol-
icies. Therefore, the simultaneous equation model
analyzes panel data from 10 ASEAN nations from
2011 to 2020.

2. METHODOLOGY

2.1. Econometric model

This study model uses a production function ap-
proach to explain the impact of CO, emissions, fos-
sil fuel energy consumption (FFEC), total foreign
exchange reserves (TR), inflation (INF), the gov-
ernment budget for health (DGGH), foreign in-
vestment (FDI), and population (POP) to economic
growth (GDP) in the form of a function model:

GDP = f(CO2,FFEC,TR,Inf
DGGH ,FDI, Pop).

@)

Bakhsh et al. (2017), Haruna and Mahmood
(2018), and Hu et al. (2021) included energy con-
sumption, population growth, and CO, emissions
as variables in their empirical models to examine
how these two factors affected economic growth.
While they generally discover that energy use and
CO, emissions contribute to the explanation of
economic expansion. A different study demon-
strated that foreign investment had a statistical-
ly significant impact on economic growth (Ali et
al., 2021; Bakhsh et al., 2017; Ren et al., 2021). In
line with previous research, Mughal et al. (2021)
showed that fiscal and monetary policies affect
the country’s economic growth. Thus, the mod-
el proposed in equation (2) is consistent with the
wider literature on the determinants of economic
growth cited above. Functional relationship be-
tween CO, emissions, GDP, governmental budget
for health (DGGH), foreign investment (FDI), fos-
sil fuel energy consumption (FFEC), population
(POP, forest area (FA), and use of renewable en-
ergy (REC) can be represented in equation (3) as
follows (Haruna & Mahmood, 2018):
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CO2 = f(GDP,DGGH ,FDI,

FFEC,Pop,FA,REC). G)
In the case of economics, variables that have a two-
way relationship are often encountered. This two-
way relationship that influences each other can be
summarized in a system of simultaneous equations.
Almost all approaches in macroeconomics have a
simultaneous nature. Identifying a simultaneous
equation with the order conditions provides infor-
mation that an equation is exactly identified or over-
identified. Based on the order conditions, the model
is said to be identified if the equations (2) and (3)
meet the requirements if the model shows K - k >
m — 1, then called over-identified. If K - k=m - 1,
then it is called precisely identified, and if K - k <
m - 1, then the equation is unidentified.

Due to the correlation between endogenous var-
iables and disturbances in simultaneous equa-
tions, the OLS estimator will result in a biased
and unstable estimate. Therefore, an alternative
estimation method is needed, which is called the
2SLS method. The 2SLS method is the application
of OLS in two stages. First, a simultaneous test
(Hausman test) is needed to test whether explan-
atory endogenous variables correlate with distur-
bance. In data processing using panel data, there
are several stages of testing that aim to determine
the best model to be used in a panel data study
(Gujarati, 2010). The three models in panel data re-
gression processing are the common effect model,
the fixed effect model, and the random effect mod-
el. In addition, there are three stages of testing the
model selection on the panel data: the Chow test,
the Hausman test, and the LM test. The Chow test
is useful for testing the model selection between
the common effect model and the fixed effect
model. The Hausman test is used to test the model
selection between the fixed effect model and the
random effect model. At the same time, the LM
test is used to test the model selection between the
random effect model and the common effect mod-
el. After knowing the best model to be used in the
study, hypothesis testing, such as the coeflicient of
determination and partial and simultaneous sig-
nificance tests, will be carried out.

Two basic specifications of the panel data simul-
taneous equation model are as follows (Figure 1).

http://dx.doi.org/10.21511/ee.13(1).2022.14
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Figure 1. Simultaneous relationship model between variables

The panel data simultaneous equation model for
economic growth is:

GDP, = a,+ ,CO2, + a,Inf, +
+a, TR, + a,DGGH,, + a,FDI,, +
+a,FFEC, + o, Pop, +&,,,.

@)

The simultaneous equation model of panel data for
air pollution is:

C02, = p, + B,GDP, + p,DGGH,, +
+p,FDI, + B,FFEC, + pPop, +
+ﬁ6FAiz +ﬁ7RECn &

)

The classical assumption test will be carried out in
three stages, namely the classical assumption test
of heteroscedasticity, autocorrelation, and multicol-
linearity. These three stages must be met so that the
data used is tested for validity. Heteroscedasticity
resulted in unbiased coefficient values, but the var-
iance of the estimated regression coefficients was no
longer minimal. The Harvey test can test the exist-
ence of heteroscedasticity. To prove the presence of
heteroscedasticity with the white test, it can be done
by comparing the value of n (amount of data) and
R-square of the unadjusted R-square value in the
auxiliary model. Autocorrelation shows the regres-
sion residual that is not independent from one ob-
servation to another. Autocorrelation can arise from
an inappropriate specification of the relationship be-
tween endogenous variables and explanatory varia-
bles. The presence of autocorrelation can be detected

http://dx.doi.org/10.21511/ee.13(1).2022.14

through the Durbin-Watson Test. Multicollinearity
arises when the independent variables are correlated
with each other. Multicollinearity is the relationship
between independent variables, which is a condition
of a strong correlation between independent varia-
bles or vice versa. The existence of multicollineari-
ty can be determined through a correlation matrix
or regression between independent variables in the
equation model.

2.2. Data

The data used are annual data for GDP per capita
(constant 2015 USD), CO, gas emissions (metric tons
per capita), inflation, total reserves (including gold,
current USD), fossil fuel energy consumption (% of
total), renewable energy consumption (% of total fi-
nal energy consumption), population (total), foreign
direct investment, net inflows (BoP, current USD),
forest area (sq. km), and domestic general govern-
ment health expenditure (% of general government
expenditure). The data were collected for 2011-2020,
sourced from the World Bank’s World Development
Indicators. To estimate the model, the paper divided
the variable by the population to get the variable in
per capita terms. The study covered 10 ASEAN coun-
tries that were selected based on data availability.
These countries are Brunei Darussalam, Cambodia,
Indonesia, Malaysia, Myanmar, Laos, Philippines,
Singapore, Vietnam, and Thailand. Descriptive sta-
tistics of various variables for individuals and panels
are presented in Table 1.
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Table 1. Description of research variable data per ASEAN countries
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On average, the highest CO, emissions per cap-
ita (16,918) and fossil fuel energy consumption
(99.998%) occurred in Brunei Darussalam. In con-
trast, GDP per capita (56,228.10), total foreign ex-
change reserves (278,505,095,437.544), and FDI
(76,702,277,498.4464) were highest in Singapore.
The highest average inflation occurred in Vietnam
(5.21%), the largest population (259,691,144) and for-
est area (951,839.9) in Indonesia, the users of renew-
able energy in Myanmar (74,317), and the highest
government budget for health in Thailand (14.284%).
In contrast, the lowest average for CO, emissions
(0.3268), fossil fuel consumption (27.262%), and
health budget (3.352%) occurred in Myanmar. The
lowest GDP (1,194.608) occurred in Cambodia, in-
flation (-1.008%), energy consumption (20.8796)
in Myanmar , renewable resources (0.0044%), total
population (416,580), and FDI (515,039,321.7593)
occurred in Brunei Darussalam, the country’s total
foreign exchange reserves (1,131,583,292.036) were
in Laos, and forest area (164.5405) was in Singapore.

3. RESULTS

3.1. Model identification

Before estimating the parameters, it is necessary to
identify the problem first to see if the equation model
formed can be used using the two-stage least square
approach. In identifying these problems, the paper
uses order condition tests. The test results with order
conditions are described in Table 2.

Table 2. Problem identification with order
conditions

Equationmodel @ K | k @ M | m
_Economicgrowth {8 . 6 i 2

N
-

Environmental
degradation

Based on the results in Table 2, equation (4) and
equation (5) models are over-identified equations,
which means that the two models are correctly
identified so that the two-stage least square ap-
proach can be used.

3.2. Panel unit root test

The panel unit root test must first be run to de-
termine if the pertinent variables in a panel data
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analysis are stationary. Levin et al. (2002) used the
LLC approach for the panel unit root test. In the
two-unit root tests mentioned above, the null hy-
pothesis is that there is a unit root (i.e., the variable
is not stationary), and the alternative hypothesis is
that the series has no unit root (that is, the variable
is stationary). Table 3 displays the outcomes of the
panel unit root test for the variable level. All varia-
bles at the level can be demonstrated to be statisti-
cally significant in the LLC test, proving that they
are all integrated and stationary.

Table 3. Panel unit root test results for research
variables

. LLC Order
Variable T . .
t-test  p-value differencing

GDP {-2.85314 i 0.0022 ! 0
o2 | -4.84032 | 00000 1
Inflation 353321 § 0.0002 1
Total reserves | -767206 | 00000 1
FosstueI_energy © 533517 | 0.0098 1
Jconsumption (.
Renewable energy | -3.3085 | 0.0005 1
LCONSUMDTON
Population © -17.8459 © 0.0000 0
Foreign direct investment ;—4.90609 0.0000 1
Forest area | -1.69936 | 0.0446 0
Domestic general :
government health i —4.56086 : 0.0000 0

expenditure

3.3. Hausman test

Hausman test aims to prove the existence of a si-
multaneous relationship between the two inde-
pendent equations (Gujarati, 2022). The hypothe-
sis for the Hausman specification test is HO, which
means a simultaneous relationship between the
GDP equation and CO, emissions, and H1, which
means that there is no simultaneous relationship
between the GDP equation and CO, emissions.
The test statistic used is the t-test with the rejec-
tion area; if the p-value of the residual variable is
less than 0.05, then HO is rejected. Hausman test
results are shown in Table 4.

Table 4. Hausman specification test results

Dependent variables Residual variables p-value
GDP : resCO2 . 07687
co2 resGDP © 07697
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Table 4 shows that the p-value for the resCO2
and resGDP variables is greater than 0.05, indi-
catingthat the GDP equation has a simultaneous
relationship with the CO2 equation. Therefore hy-
pothesis 3 (H3) is supported.

3.4. Model estimation using the
generalized method of Arellano-
Bond moment

The equation estimation uses the GMM estima-
tion that consists of equations (4) and (5). Based
on the calculation results, the panel data simul-
taneous equation models for the GDP and CO,
equations are obtained, as shown in Tables 5 and 6.

Table 5. Estimation results of the regression
coefficient with the dependent variable log(GDP)

Variables : Coefficient :Std. error:t-statistic: Prob.
log(FDI) —2.509603 0.622581 i—4.030966 : 0.0001
FFEC ....D078115 0012013 | 6502819 00000
Log(POP) 4 846382 0‘832686 5 820179 0.0000
REC ........... —O 121500 0031691 3—3 833878 'ng OOOZM

Variables : Coefficient ' Std error: ‘t- statlstlc Prob.
Iog(GDP)(—l) ; 1061778 0309590 : 3429633 : 00009
€02 .....D016286 0005945 . 2739297 00074
DGGH 0017750 —3 041210 : 0.0031
JoglFDI) | 0218758 005156 fﬁ 4.242200  0.0001
“FFEC 0005423“‘” 0.000736 7367219'“.“0 OOOO B
Iog(POP) —O 516775 —1497636 OOOOO
nflaton + —0.006128 m::::::::': 2129145 © 0.0359
log(TR) 0.383726 : 0.051116 : 7.506975 : 0.0000

It is indicted in Table 5 that the free variables of
CO2 emissions, DGHH, log(FDI), FFEC, log(Pop),
inflation and log(TR) have significance influence
on economic growth. Thus, the first hypothesis
(H1I) is supported.

Then, from Equation (5) and Table 5, the following

simultaneous equation is formulated:

log(GDP) =0.0163CO, —

—0.018DGGH—0.218810g(FDI)+ 6)
~0.0054 FFEC —0.5178log (Pop) —
+0.00617nf +0.3837log (TR).
Table 6. Estimation results of the regression
coefficient with the dependent variable CO,
emissions
Variables : Coefficient :Std. error:t-statistic: Prob.
cox-1) 30.60480 : 12.84430 : 2.382753 : 0.0192
log(GDP) 5535230 2. 686844“ 12060124 | 0.0422
BCACICLL N . 0418852 i 0.053462 : 7.043982 : 0.0000
log(FA) 4.064589  0.475518 | 8.547710 : 0.0000

Based on study results presented in Table 6, it is
concluded that all independent variables have a
significant effect on CO2 emissions, therefore the
second hypothesis (H2) is supported.

Referring to Equation (4) and Table 6, the simulta-
neous equation is obtained:

CO, =5.535210g(GDP) +
+0.4189DGGH +4.0646log(FA) -
—2.50961og(FDI)+0.0781FFEC +

+4.84841og(Pop)—0.1215REC.

@)

3.4.1. Significance of the parameters
simultaneously

If there is a relationship between the variables in an
equation model, it will be found via parameter signif-
icance testing. The parameter significance test also
examines whether the independent variable impacts
the dependent variable. Table 7 shows the results of
the simultaneous parameter significance test.

Table 7. Simultaneous significance test results

Equation model  F-statistic : Chi-square | p-value
log(GDP) 1 1331164 . 5324658 . 0.0000
C0O2 i 4038.371 : 1615.348 i 0.0000

Based on Table 7, it can be seen that the p-value of
the two equations, namely GDP and CO,, are less
than 0.05, thus making the independent variables
of the two models have a significant effect on the
dependent variable (HO is rejected).

3.4.2. Significance of the parameters partially

The paper performs the partial parameter signifi-
cance test to determine whether the independent
variable only has a partial impact on the depend-
ent variable. Tables 5 and 6 show that all inde-
pendent variables have p-values that are less than
0.05, so it is concluded that all independent vari-
ables have a significant effect on the equation (3)
and (4) models.
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3.5. Classic assumption test and
normality test

The assumptions used in this study are the nor-
mality test, Arellano-Bond (AB) test, and Sargan
test. The objective of the normality test in a regres-
sion analysis is to establish whether the model’s
independent and dependent variables have a nor-
mal distribution. The Jarque-Bera test is a statisti-
cal method that can determine whether the mod-
el is normally distributed (Gujarati, 2022). From
Table 8, information is obtained that the residuals
of the two models are normally distributed.

Table 8. Simultaneous significance test results

Equation model  : Jarque-Bera statistic | p-value
Log(GDP) L 0790035 ¢ 0.673668
CO2 1.841905 ¢ 0.093268

3.5.1. Arellano-Bond (AB) test

The Arellano-Bond test aims to test the consisten-
cy of the model. In the Arellano-Bond test, there
are two tests with different functions, namely the
ab(1) test, which serves to determine the influ-
ence of individual effects between observations,
and the ab(2) test, which functions to determine
whether or not there is a correlation between
the first difference error in the i-th observation
(Gujarati, 2022).

Based on Table 9, the p-value for ab(1) both mod-
els is 0.000, so the decision rejects HO, and it can
be concluded that the GDP and CO, equation
model does not have individual effects between
variables. For the ab(2) test results, the P-values
obtained are 0.774 and 0.9158, so HO is not reject-
ed. Thus, it is concluded that there is no lag effect
of the dependent variable on the first difference
error in the GDP and CO, models. Therefore, be-
cause the ab(1) and ab(2) tests are met, it can be
concluded that the GDP and CO, equation mod-
els are consistent.

Table 9. Arellano-Bond test’s result

Environmental Economics, Volume 13, Issue 1, 2022

3.5.2. Sargan test

The Sargan test is used to evaluate the validity of
using instrument variables that are more numer-
ous than the estimated parameters (over-identi-
fied) (Gujarati, 2022). Table 10 shows the results of
the Sargan test of the two-equation models.

Table 10. Sargan test results

Equation model Prob (J-statistic)

Log(GDP)

Cco2

Based on Table 10, the results show that both
models have a p-value of more than 0.05. The
GDP equation model has a p-value of 0.2901. In
contrast, the CO, equation model has a p-value of
0.2927, so the decision is to fail to reject HO. It can
be concluded that the two models have no prob-
lem with the validity of the instrument variables.

4. DISCUSSION

Based on Table 5, it is shown that the coefficient
of lag indicator of economic growth (GDPt-1) has
a positive and statistically significant effect. Thus,
every country in the ASEAN region can take ap-
propriate macroeconomic policies with a back-
ward look at achieving high and sustainable eco-
nomic growth. For the panel results, FDI inflows
per capita have a positive and significant effect on
GDP per capita. Every 1% increase in FDI will in-
crease GDP 0.219 times at the time of ceteris par-
ibus. This shows that economic growth is elastic
to FDI inflows. This implies that the technological
changes brought about by FDI inflows promote
economic development in the long run. This indi-
cates that the influence of foreign investment has
not been able to encourage economic growth for
all countries in the ASEAN region. Although FDI
is still only focused on a few countries, it positive-

Dependent variable Test order m-statistic rho SE(rho) p-value
AR(1) -5.971336 © _0.049369 0008268 0.0000
Log(GDP) ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ JSUUTRURRR : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
AR(2) -0.287108 . -0002059 | 0007171 0.7740
AR(1) ~6.039716 © -0001869 :  0.000309 0.0000
co2 e TP R NS S
AR(2) -0.105762 ~0.000032 0.00030 0.9158
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ly affects economic growth in the ASEAN region.
These results are in line with Bakhsh et al. (2017),
Hu et al. (2021), and Ren et al. (2021). Therefore,
each country can take appropriate macroeconom-
ic policies by looking backward to obtain high and
sustainable economic growth.

It demonstrates an indirect relationship between
CO, emissions and energy consumption, as well
as between energy consumption and economic
growth, using the example of Malaysia. Meanwhile,
Singapore shows that economic growth and en-
ergy consumption show no relationship to CO,
emissions, but openness and industrialization
have causality in CO, emissions. This proves
that Singapore can maintain economic growth
without causing environmental damage. The
Environmental Kuznets Curve in Malaysia shows
that it has yet to pass a turning point. However,
Singapore has passed a critical point and is already
in a state of environmental improvement while
continuing economic development (Thanh et al,
2019). From a study in Pakistan, CO, emissions
will increase as economic growth increases. The
reason behind this relationship between econom-
ic growth and CO, emissions is based on the fact
that large amounts of energy that are intensive in
carbon are utilized to carry out economic activ-
ities in a variety of different fields (Bakhsh et al.,
2017; Malik, 2021).

Another variable that affects the indicators of
economic growth is the inflation indicator. An
increase in the inflation indicator by one percent
will be responded to by a decrease in economic
growth by 0.006128 percent at the time of ceteris
paribus. This result is in accordance with Ren et
al. (2021), showing that inflation drives econom-
ic growth. The long-run multiplier on the infla-
tion rate variable on economic growth indicators
is much larger than the short-run multiplier. The
phenomenon of inflation in developing countries
such as Indonesia is still a threat to economic sta-
bility. The tendency of rising prices generally re-
flects the level of inflation that occurs in a country.
The consumer price index is an indicator used to
describe price movement. Changes in public con-
sumption patterns in the long term trigger an in-
crease in aggregate demand to encourage an in-
crease in the inflation rate. In the long term, an
increase in a country’s economic growth reflects
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people’s income and consumption. Business actors
followed up the increase in demand by increasing
their production output. With the addition of out-
put, the costs incurred for the production process
become greater, causing an increase in the selling
price of the product. If, for a relatively long time,
most of the traders do the same thing, then the in-
crease in the prices of consumer goods, in general,
can encourage an increase in inflation.

The role of government spending in the health sector
has a positive effect on boosting economic growth.
Government spending on health has a positive ef-
fect on attracting foreign investment. This will in-
directly increase economic growth so that welfare
will increase. Considering the benefits for investors
in addition to quality labor, the region will become
a significant consumer due to the increasing wel-
fare. An increase in government spending (DGGH)
by one percent causes an increase in the economic
growth of 0.01775 percent at the time of ceteris par-
ibus. In the long term, an increase in government
spending can increase foreign investment by 1.203
percent. Nazeer and Furuoka (2017) also showed
that government spending has a positive and sta-
tistically significant effect on increasing economic
growth, concluding that simultaneously govern-
ment spending has a positive effect on investment
development in the ASEAN region.

The empirical findings for the global panel are
shown in Table 6, demonstrating that energy con-
sumption significantly reduces CO, emission lev-
els at the 1% level. This implies that increased en-
ergy use may result in increased CO, emissions.
Economic growth is significantly and favorably
influenced by panel estimates. A robust energy
policy is required to promote sustained econom-
ic growth because energy is a critical component.
These findings concur with those of Thanh et al.
(2019). In terms of the pollutant variable, it was
discovered that CO, emissions have a sizable im-
pact on worldwide panel economic growth. This
demonstrates that a 1% increase in CO, emissions
causes a 0.005423% rise in economic growth.

For almost all nations, population increase is sta-
tistically significant and negatively influences eco-
nomic growth at a 1% level. Population growth
raises the level of government policies, including
health, fuel, and other subsidies. Additionally, fuel
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consumption has a 1% favorable impact on CO, nomic growth of 0.516775%. On the other hand,
emissions. If there is a population of 1%, in the an increase in population by 1% will increase CO,
short term, it will cause a slowdown in the eco- emissions by 4.846382%.

CONCLUSION AND IMPLICATION

The primary findings suggest a bidirectional causal relationship between rising CO2 levels and a great-
er spectrum of economic activities. The concept is supported by both economic expansion and carbon
dioxide emissions. The empirical evidence demonstrates a unidirectional causal connection between
economic expansion and CO2 emissions. Therefore, nations must adopt rules to protect their citizens
from carbon pollution. In ASEAN nations, economic growth and CO2 emissions have a two-way causal
link. This means that economic growth is causing environmental damage. Currently, high economic
growth contributes to environmental degradation, while decreasing economic growth produces unem-
ployment, placing a significant strain on the economies of ASEAN member states. In order to increase
their efforts to combat global warming, governments should reduce CO2 emissions without jeopardiz-
ing short-term or long-term growth. It will promote ecologically friendly, long-term economic growth
in practice. In contrast, pollutant emissions have a negative impact on economic growth, indicating that
environmental degradation is a causal factor in economic growth. In addition, as a result of its effects on
human health, persistent environmental deterioration can have a negative externality on the economy
and eventually reduce productivity. This is consistent with the Environmental Kuznets Curve theory,
which states that environmental degradation results in a decreasing slope of economic growth.

AUTHOR CONTRIBUTIONS

Conceptualization: Supriyanto, Wiwiek Rabiatul Adawiyah, Arintoko.
Data curation: Supriyanto.

Formal analysis: Supriyanto.

Investigation: Arintoko, Nunik Kadarwati.

Methodology: Supriyanto, Wiwiek Rabiatul Adawiyah, Arintoko.
Project administration: Wiwiek Rabiatul Adawiyah, Dijan Rahajuni.
Resources: Nunik Kadarwati.

Software: Supriyanto.

Supervision: Dijan Rahajuni, Nunik Kadarwati.

Validation: Dijan Rahajuni, Nunik Kadarwati.

Visualization: Dijan Rahajuni.

Writing - original draft: Supriyanto.

Writing - review & editing: Wiwiek Rabiatul Adawiyah, Arintoko.

REFERENCES

Abdouli, M., & Hammami,

S. (2020). Economic Growth,
Environment, FDI Inflows, and
Financial Development in Middle
East Countries: Fresh Evidence
from Simultaneous Equation
Models. Journal of the Knowledge
Economy, 11(2), 479-511. https://
doi.org/10.1007/s13132-018-
0546-9

http://dx.doi.org/10.21511/ee.13(1).2022.14

Ali, M. H.,, Ali, R. A., & Fa-
rooq, A. (2021). The Effect of
Tourism, Economic Growth
and Environment in Developing
Countries. IRASD Journal of
Energy & Environment, 2(1),
24-33. https://doi.org/10.52131/
jee.2021.0201.0013

Bakhsh, K., Rose, S., Ali, M. F,

Ahmad, N., & Shahbaz, M. (2017).

Economic growth, CO2 emissions,
renewable waste and FDI relation
in Pakistan: New evidences from
3SLS. Journal of Environmental
Management, 196, 627-632.
https://doi.org/10.1016/j.jenv-
man.2017.03.029

Baltagi, B. H., & Liu, L. (2009).
A note on the application of
EC2SLS and EC3SLS estimators

183



Environmental Economics, Volume 13, Issue 1, 2022

10.

11.

12.

in panel data models. Statistics ¢ 13.

Probability Letters, 79(20), 2189-
2192. https://doi.org/10.1016/].
spl.2009.07.014

Breunig, R., & Majeed, O.

(2020). Inequality, poverty and
economic growth. International
Economics, 161, 83-99. https://doi.
org/10.1016/j.inteco.2019.11.005

Garza-Rodriguez, J. (2018). 14.

Poverty and Economic Growth
in Mexico. Social Sciences, 7(10),
183. https://doi.org/10.3390/soc-
sci7100183

Gujarati, D. M. (2022). Basic
Econometrics. McGraw-Hill.

Haruna, M. A., & Mahmood,

S. (2018). Impact of Energy
Consumption and Environmental
Pollution in Malaysia. Energy
Economics Letters, 5(1), 31-43.
https://doi.org/10.18488/jour-
nal.82.2018.51.31.43

Hu, X, Ali, N., Malik, M.,
Hussain, J., Fengyi, J., & Nilofar,
M. (2021). Impact of economic
openness and innovations on
the environment: A new look
into ASEAN countries. Polish
Journal of Environmental Studies,
30(4), 3601-3613. https://doi.
org/10.15244/pjoes/130898

Khan, S., Peng, Z., & Li, Y.
(2019). Energy consumption,

environmental degradation, 17.

economic growth and financial
development in globe: Dynamic
simultaneous equations panel
analysis. Energy Reports, 5, 1089-
1102. https://doi.org/10.1016/j.
egyr.2019.08.004

Levin, A,, Lin, C. E, & Chu,
C. S.J. (2002). Unit root tests

in panel data: Asymptotic and 18.

finite-sample properties. Journal
of Econometrics, 108(1), 1-24.
https://doi.org/10.1016/S0304-
4076(01)00098-7

Malik, M. A. (2021). Economic
growth, energy consumption,
and environmental quality

nexus in Turkey: Evidence from 19.

simultaneous equation models.
Environmental Science and
Pollution Research, 28(31), 41988-
41999. https://doi.org/10.1007/
s11356-021-13468-7

184

16.

Mughal, N., Kashif, M., Arif,

A., Guerrero, J. W. G., Nabua,

W. C., & Niedbata, G. (2021).
Dynamic effects of fiscal and
monetary policy instruments

on environmental pollution in
ASEAN. Environmental Science
and Pollution Research, 28(46),
65116-65126. https://doi.
org/10.1007/s11356-021-15114-8

Nazeer, N., & Furuoka, F.

(2017). Overview of ASEAN
environment, transboundary haze
pollution agreement and public
health. International Journal

of Asia-Pacific Studies, 13(1),
73-94. https://doi.org/10.21315/
ijaps2017.13.1.4

Omri, A. (2013). CO2 emissions,
energy consumption and
economic growth nexus in
MENA countries: Evidence from
simultaneous equations models.
Energy Economics, 40, 657-664.
https://doi.org/10.1016/j.en-
€c0.2013.09.003

Radmehr, R., Henneberry, S.

R., & Shayanmehr, S. (2021).
Renewable Energy Consumption,
CO2 Emissions, and Economic
Growth Nexus: A Simultaneity
Spatial Modeling Analysis of EU
Countries. Structural Change
and Economic Dynamics, 57(C),
13-27. https://doi.org/10.1016/j.
strueco.2021.01.006

Ren, Y. S., Apergis, N., Ma, C., Bal-
tas, K., Jiang, Y., & Liu, J. L. (2021).
FDI, economic growth, and
carbon emissions of the Chinese
steel industry: new evidence from
a 3SLS model. Environmental
Science and Pollution Research,
28(37), 52547-52564. https://doi.
org/10.1007/s11356-021-14445-w

Rizk, R., & Slimane, M. B. (2018).
Modelling the relationship
between poverty, environment,
and institutions: a panel data
study. Environmental Science and
Pollution Research, 25(31), 31459-
31473. https://doi.org/10.1007/
s11356-018-3051-6

Rose, S., Ali, M. E, Bakhsh, K.,
Ashfaq, M., & Hassan, S. (2020).
Linking environment, malaria,
and agricultural returns: a labor
time use analysis at different
stages of production using 3SLS.

20.

21.

Environmental Science and
Pollution Research, 27(16), 19714-
19723, https://doi.org/10.1007/
$11356-020-08507-8

Saidi, K., & Hammami, S. (2015).
The impact of energy consumption
and CO2 emissions on economic
growth: Fresh evidence from
dynamic simultaneous-equations
models. Sustainable Cities and
Society, 14(1), 178-186. https://doi.
0rg/10.1016/j.5¢5.2014.05.004

Thanh, P. N,, Phuong, N. D, &
Ngoc, B. H. (2019). Economic
integration and environmental
pollution nexus in ASEAN:

A PMG approach. In V.
Kreinovich, N. Thach, N. Trung,
& D. Van Thanh (Eds.), Studies in
Computational Intelligence, 809
(pp- 427-439). Springer Cham.
https://doi.org/10.1007/978-3-
030-04200-4_31

http://dx.doi.org/10.21511/ee.13(1).2022.14



	“Economic growth and environmental degradation paradox in ASEAN: A simultaneous equation model with dynamic panel data approach”
	_Hlk106008067
	MTBlankEqn

