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Abstract
Global warming issues have become a pertinent theme for many economies and policy initiatives. The Indonesian economy is no
exception as government officials and stakeholder are working seriously to decouple carbon emission from economic growth. It is
on this premise that the present study attempts to investigate the nexus between the environmental implication of offshore economic
activities, economic growth, energy use, and environment (CO2) with the integration of foreign direct investment (FDI) and trade
openness over recent time series data from 1980 to 2017. A series of analysis were conducted with Pesaran’s autoregressive
distributed lag (ARDL) methodology and the Granger causality test as estimation techniques over the outlined variables.
Empirical findings from ARDL long-run (elasticity) shows that economic growth is significantly positively associated with carbon
emissions at the initial stage but a negative association is established at lags 1 and 2. A significant positive relationship is witnessed
between economic growth and FDI. Also, statistical positive relationship is observed between economic growth and energy use,
while an inverse relationship is observed between openness and economic growth. For causality analysis, we observe that a uni-
directional causality is running from economic growth to foreign direct investment at 5% significant level. This outcome is in
support of the growth-induced FDI hypothesis in Indonesia. Furthermore, a one-way causality is seen from energy to openness, CO2

emissions, and from FDI to CO2 emissions while there is a feedback causality between openness and CO2 emissions. The findings
of this study have implications to the environmental quality of Indonesia via economic growth; hence, the higher and better the
economic growth of the country, the lesser the carbon emissions and the better the environmental quality. This proposition aligns
with the pollution halo hypothesis (PHH), where FDI inflow enhances economic growth as well as impacts energy consumption and
reduces carbon emissions in the host country.
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Introduction

The linkage between the economic growth and environment
cannot be separated from the both the domestic and interna-
tional economic activities. Among the economic activities that
can be viewed both from the domestic and international as-
pects is production as it links to investments (foreign and
domestic) and trade (import and export) (Sarkodie and
Strezov 2019; Balsalobre and Álvarez-Herranz 2016). Every
country or region making a progress in their trajectory to the
economic growth must have witnessed increasing utilization
of energy that may impact negatively on the environmental
quality through great emissions of CO2. The increase in ener-
gy consumption is associated with a spark in industrial pro-
duction which is connected to both investment and trade; this
will definitely cause environmental problems. Offshore
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economic activities, which imply economic activities across
boundaries of countries, are the economic activities that
happed in Indonesia which are transferred from other coun-
tries into Indonesia. This, as it concerns foreign direct invest-
ment (FDI) and trade, is at the center of coordinating the
industrial and productive activities in most developing econ-
omies because of less preventive policies by the host coun-
tries. Foreign investors have literally shifted their economic
activities and practices to the developing countries with less
preventive measures towards the impacts of these foreign in-
dustries to their environments (Mabey and McNally 1999).
Even though FDI role is becoming controversial and debat-
able, the relative and significant increase in economic growth
of Indonesia is not exempted from the boost on the industrial
activities in the country in which the foreign direct investment
(FDI) and trade are inclusive.

It is worth mentioning that FDI encourages and pro-
motes economic growth and development in the host
country (Alfaro et al. 2010). Foreign direct investment
(FDI) has proved to be a means of financing external
economic activities and has equally served as a uniting
force between the savings and investments domestically
(Bustos 2007; Ndikumana and Verick 2008). Apart from
savings and making available funds for investments, FDI
also induces economy by the provision of positive exter-
nalities, technology, and skill transferring from the indus-
trialized nations to the developing nations (Lee, 2013;
Shahbaz et al. 2015a, b). Offshore economic activities
which account for FDI and trade include outsourcing,
relocating, or planting of foreign industries into another
country due to some factors such as easy access to cheap
or less-expensive labors and market location for the prod-
ucts, and tax incentives could induce a massive economic
growth but to the detriment of the host countries because
of the excessive energy consumption by those foreign-
owned companies (Shahbaz et al. 2015a, b). This is called
the pollution haven hypothesis (PHH), which acknowl-
edged the less concern of the host country towards the
harm of the foreign firms to the environmental quality
of the host because of less-stringent policies to curtail
FDI excesses (Cole and Elliott 2003). In most times, for-
eign firms are encouraged to make and expand their in-
vestment in an economy with less-stringent environmental
laws to boost their productive activities; this is called the
industrial flight hypothesis (Asghari 2013). Shifting a bit
from the pollution haven hypothesis and industrial flight
hypothesis where the FDI is working and flourishing to
the detriment of the environment, FDI could also be a tool
of improving the quality of environment in the host econ-
omy. This is attainable when FDI comes in with advanced
technological equipment and energy-efficient technology
with disciplined and better management principles which
wil l eventual ly lead to the enhancement of the

environmental quality in the host economy. This is in
agreement with the argument of Shahbaz et al. (2015a, b),
hypothesized as the pollution halo hypothesis, where FDI en-
hances economic growth which impacts energy consumption
and carbon emission favorably in the host country.
Furthermore, the trade perspective is also addressed as trade-
induced CO2 emissions. We consider production, import, and
export as they relate to greenhouse gas emissions.

Most productions are undertaken with great energy con-
sumption from either fossil fuel or coal. The fossil fuel or coal
could be imported and exported, and the goods produced with
these sources could also be imported or exported. If Indonesia
imports fossil fuel from India for the sole aim of production by
the companies domiciled in Indonesia, this could be classified
as trade-induced CO2 emissions and is expected to be includ-
ed in the calculation of the environmental impact even though
it is still debatable. The importer and the exporter of the CO2

are Indonesia and India, respectively, and it is sometimes
called territorial-based emissions because it reflects emissions
within the country’s geographical boundaries (Lamb et al.
2014). Because of the surging of economic growth and indus-
trialization, the greenhouse gas emissions from industries,
transportations, and power generation are equally increasing.
It is projected that CO2 emissions of Indonesia will grow and
more than double in the next few years (Barnard 2017).

However, as the poor quality of the environment is always
linked to unchecked economic and industrial activities of in-
dustries, firms or individuals, and most often the poorly eco-
nomic regulations, usually affect the quality of the environ-
ment negatively. This is what generates the pollution haven
hypothesis by Cole and Elliott (2003). Environmental regula-
tions have economic and welfare effects; thus, any analysis
concerning the welfare effects of variations in regulations
should consider both economic and environmental effects as
it concerns the public welfare. Upon this, we integrate FDI
and trade openness in our model setting in an attempt to in-
vestigate and report clearly the environmental implication of
offshore economic activities by linking among the economic
growth, energy use, and environment (CO2).

The novelty of this study to the energy economics and
environment literature is the incorporation of both the FDI
and trade openness in the analysis framework to drive home
the environmental impact of offshore economic activities in
Indonesia where little has been documented in the previous
literature. This study measures the offshore economic activi-
ties by FDI and trade openness as additional variables to make
the model multivariate. This aids in the avoidance of the omit-
ted variable bias which previous studies fail to address. The
present study utilizes both the dynamic autoregressive distrib-
uted lag (ARDL) methodology and ARDL-bounds to deter-
mine the cointegration, and Granger causality to detect the
direction of causality among the outlined variables. This in-
vestigation is timely and worthwhile, given the position of
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Indonesia to the Paris pledge, and being among the Southeast
Asian countries that are exposed to the danger of the environ-
mental degradation via industrial activities and the threat from
the rising sea level, it is very important to research on the
economy and aid the policy-makers with findings for better
environmental improvement of the country.

The remainder of this study is structured in this manner: the
“A synopsis on the Indonesian economy” section presents a
brief synopsis on the Indonesian economy and the brief re-
view of previous related works in a nexus style among the
choice variables (GDP and CO2 emissions, GDP and trade
openness, FDI and GDP, FDI and CO2 emissions, and trade
openness and CO2 emissions). The “Data, methodology, and
empirical findings” section presents the data with theoretical
background and methodology, and presents the empirical re-
sults and discussions of the findings; and the “Concluding
remark and policy implication” section presents the conclud-
ing part with the policy implications.

A synopsis on the Indonesian economy

Indonesia is ranked as the 16th biggest economy and the larg-
est in Southeast Asia and the 4th biggest CO2 emitter in 2015
(Azmy 2019). Indonesia has been identified as among the fast-
growing developing economies from the Southeast Asian re-
gion with a well-manageable debt-to-GDP ratio (Fullerton
et al. 2019). According to the economic outlook, the economic
growth rate of Indonesia is forecasted to be average 5.3% from
2016 until date. Indonesian economy has been a center of
focus because of its proactive action of improving on defores-
tation but rapidly increasing its greenhouse emissions in other
sectors (Huguet et al. 2011).

However, it is pertinent to note that most of the vibrant
developing economies (Indonesia inclusive) accelerating in
economic activities are equally accelerating in greenhouse
gas emissions. The economic growth often leads to uncon-
trolled utilization of natural resources and excessive energy
consumption which causes environmental damage and pollu-
tion if not well managed. This is a clear indication that the
relationship or link between the economic growth and CO2

emissions is unavoidably inseparable following the impact of
energy use which is a connecting factor between economic
growth and CO2 emission. The relationship could be positive
portraying a complimentary growth (in this case economic
growth is growing at the expense of the environment quality)
or negative showing that while economic growth is trending
upward, the CO2 emissions are decreasing (in this case, the
economy is growing while impacting positively to the quality
of the environment). Indonesia has been identified as prospec-
tive Southeast Asia’s biggest economy and the world’s 4th
largest greenhouse gas emitter after the likes of the USA,
China, and India. This means that the economic growth and

the greenhouse gas emission are almost growing in the same
rate. They are expected to be in the same direction of up-
surging if appropriate low-carbon development initiatives
(LCDI) are not taking to make the economic growth more
environmentally friendly. No doubt, this alert has prompted
the country to peg its emissions cut target at 43rd percent by
2030 while targeting to deliver the annual economic growth of
5.6 and 6% in the next 25 years. It is said of Indonesia that it
can overcome further environmental degradation by not ad-
hering to the method of countries such as China to avoid their
experience which is battling with pollution following the ac-
tivities that have aided them to walk out of poverty into higher
income categories (Andersen 2019). As attributed to the
Indonesian Planning Minister, Bambang Brodjonegoro in his
report made available to the joint initiative of World
Resources Institute and a global research group “Indonesia
wants high economic growth void of environmental sacrifice”
(Kadarusman and Pramudya 2019; Sustainable Business,
JAKARTA, Reuters, 2019). He went further to outline ways
of attaining and sustaining the target such as adopting policies
to foster agricultural productivity and prevention of defores-
tation, improving waste management, and shifting from fossil
fuel energy to renewable energy. With effective implementa-
tion of these policies, it will amount to reduction in green-
house gas emissions. Nevertheless, the vision of the country
to shift to a low-carbon economy would amount to nothing if
the country still slacks in curtailing the excessive use of coal.
Currently, the country is still relying on fossil fuels to sustain
its economy. Out of this, coal, gas, and oil are generating 59%,
23%, and 6.2% of electricity, respectively, while renewable
energy only accounts for 13% of electricity (Andersen 2019).

Review of related literature

The literature review examined and analyzed the related stud-
ies by revisiting the relationship that exists between the chosen
variables (GDP and CO2 emissions, GDP and trade openness,
FDI and GDP, FDI and CO2 emissions, and trade openness
and CO2 emissions). The review of the past related works will
be tailored to the principles of relationship style among the
chosen variables.

Studies analyzing the relationship
between economic growth GDP
and CO2 emissions

Many research works have been done in focus on the
relationship between the economic growth and carbon
emissions but no substantial agreement has been struck.
Some of the literature are of opinion that positive relation-
ship exists, while others are of contrary opinion with the
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positive relationship view based on their findings. The
inconclusiveness of the findings and the non-unified
views have left the subject open for researchers to study.
Some of the studies that have researched on this subject
are Akadiri et al. (2019a), Akadiri et al. (2019b), Akadiri
and Akadiri (2019), Akadiri et al. (2018)Emir and Bekun
(2019), Alola and Alola (2018), Shi et al. (2016),
Twerefou et al. (2015), Omotor (2015), Lee (2013),
Narayan and Sharma (2015), Boopen and Vinesh (2011),
and Acharya et al. (2009). Furthermore, Balsalobre-
Lorente et al. (2018, b) in their study found the existence
of an N-shaped relationship between economic growth
and CO2 emissions. They also found that economic
growth has a positive impact on CO2 emissions.
Udemba (2019) in his work on China found a positive
relationship between GDP and CO2 emissionsBekun
et al. (2019a, b) join the strands of studies that found
among others that economic growth increases carbon di-
oxide emissions. Alola et al. (2019a, b) in their work
found a significant nexus of carbon emissions with gross
domestic product (GDP). Emir and Bekun (2019) in their
work found a positive relationship between economic
growth and CO2 emissions in Romanian economic
performance cum energy intensity. Akadiri et al. (2019b)
found a bi-directional transmission among economic
growth and carbon emission. Sarkodie and Strezov
(2019) found a negative relationship between economic
growth and pollution in their work in developing
countries. Akadiri et al. (2019a, b) in their studies found
no significant relationship between real income (GDP)
and per capita of carbon emissions. Al-mulali et al.
(2015) found a positive relationship between economic
growth and pollution both in the short and long-run.
Bakhsh et al. (2017), in their findings on Pakistan eco-
nomic study in relation with CO2 emissions, conclude that
GDP has a negative relationship with CO2 emissions. Shi
et al. (2016) applied a panel study across the different
regions of China and came with a non-unified result,
some showing positive relationship while others showed
negative relationship between economic growth and
CO2 emissions. Twerefou et al. (2015), in their work on
Ghana economy as it relates economic growth and
CO2 emissions, found a negative connection between eco-
nomic growth of Ghana and carbon emissions. Omotor
(2015) researched on some ECOWAS countries and found
a positive relationship between GDP and environmental
quality (CO2 emissions). A study on the G20 countries
by Lee (2013) confirmed a negative relationship between
economic growth and CO2 emissions. Boopen et al.
(2011) researched on the connections between GDP and
carbon emissions and found a negative relationship with
emphasis on human activities that coordinates the pollu-
tion pattern. Sharma (2011) in his work found a positive

effect of the economic growth on CO2 pollutions.
Acharya (2009) found a positive relationship between
GDP and CO2 emissions which he backs his argument
on the effect of foreign direct investment (FDI) on the
CO2 pollutions.

Studies analyzing the relationship between economic
growth GDP and trade openness

Many research works have been done with regard to the con-
nectivity of GDP and trade openness. Hye (2012), applying
the ARDL approach to study Pakistan economy with respect
to its relationship with openness, found a negative relationship
between GDP and trade openness. Sinha et al. (2017, b), in-
vestigating the next 11 countries in a panel setting, also found
an inverse relationship between carbon emissions and trade
openness. However, several other scholars have found posi-
tive relationship between emission pollutant (CO2) and eco-
nomic growth. For instance, using ARDL, Akadiri et al.
(2019a) found a positive significant relationship between the
trade and GDP. In the case of Ghana economy, Shahi (2012)
found a positive connection between trade openness and eco-
nomic growth. Investigating Ivory Coast economywith regard
to trade openness, Kebo (2017) found a significant positive
impact of trade on the economic growth of the country. Also,
in Ghana economy, Kwame Asiedu, 2013came up with a
finding that proved a positive relationship between economic
growth and trade openness. On Nigerian economic
performance as regards to trade openness, Nduka et al.
(2013) confirmed a significant positive relationship between
economic growth and trade. Marelli and Signorelli (2011),
investigating the China and India economic performance
based on trade openness, found a positive relationship be-
tween economic growth and trade openness. Lim and Kim
(2011), research on 61 countries which include both
developed and developing countries, found a positive
relationship for the developed countries while that of the
developing economies depicts a negative relationship. Barua
et al. (2015) did a work on the same theme and found a pos-
itive relationship between economic growth and trade.

In recent times, the carbon-income function has been aug-
mented with several macroeconomic indicators like energy
consumption, mobile use, and trade openness. For instance,
Balsalobre-Lorente (2019) found that agriculture activities
and trade activities increase emission pollutant in BRICS
economies. Furthermore, for the Spanish case, Balsalobre-
Lorente and Shahbaz (2016) investigated the carbon-income
with the inclusion of energy innovation, research and devel-
opment (R&D), and trade openness. The study empirical find-
ing validates an inverse relationship between research and
development and environmental quality over the examined
period. This outcome is also in line with the study of
Balsalobre-Lorente et al. (2018, b) for EU-5 countries.
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Studies analyzing the relationship between economic
growth GDP and FDI

The literature on the connection between GDP and FDI has
generated some debated grounds, with some scholars in sup-
port of the positive connection while others are in support of
the negative connectivity between the two variables. Many
others found causality (uni-directional and bi-directional) be-
tween GDP and FDI. Analysis of the connection between
GDP and FDI on 41 developing countries was made using
the GETS methodology and found a negative effect on
economic growth. Udemba (2019) in his work on China found
a positive relationship between GDP and FDI. Garcia-Santana
et al. (2016) found FDI positively contributing to the econom-
ic development of Spain. FDI is found impacting the econom-
ic growth of Spain for over 40 years (Villa Verde & Maza
2012). Using the Toda Yamamoto Granger causality in panel
studies by Ericsson and Irandoust (2001), they found a bi-
directional transmission between GDP and FDI for Sweden,
uni-directional transmission for Norway, and no transmission
for Denmark and Finland. Chakraborty and Basu (2002)
researched the causality between economic growth and FDI
and found a uni-directional transmission passing from eco-
nomic growth to FDI. Also, in a panel study of East and
South African regions, Anyanwu (2012) found that FDI im-
pacts economic growth. In their work on the Gulf Cooperation
council, Toone (2012) found no causality between economic
growth and FDI. Likewise, the work on Ghana by Frimpong
et al. (2007) found no causality between the FDI and growth.
Also, a work on Malaysia by Karimi and Yusop, 2009shows
no causality between the two variables. Ericsson and
Irandoust (2001) have equally worked on the causality be-
tween the FDI and growth, and found no causality between
them.

Studies analyzing the relationship between foreign
direct investment and CO2 emissions

Studies that have investigated the relationship between FDI
and CO2 emissions are many but with little or less agreement
on a unified finding. Just like any other subjects of research,
many researchers are of opinion that a positive relationship
exists while some other scholars are of contrary views.
Sarkodie and Strezov (2019) in their work found a strong
impact of energy use on carbon dioxide emissions because
of the FDI impacting force on the economy validating the
pollution haven hypothesis. Shahbaz et al., 2019) examine
the association between (FDI) and CO2 emissions for the
Middle East and North African (MENA) region in 1990–
2015, and the N-shape connection is revealed between FDI
and carbon emissions. Akadiri et al. (2019a, b) in their work
found that globalization index led to a 0.914% decrease in
metric ton per capita of CO2 emissions in the short-run, and

a 1.769% decrease in metric ton per capita of CO2 emissions
in the long-run. Globalization is a platform through which FDI
flourished in the modern-day global economy; this means that
whenever globalization is considered in any writing, it accom-
modates both trade and FDI. Also, in attempt to establish a
connection between FDI and carbon emissions, the work of
Paramati et al. (2017) found that both FDI and stock market
developments play a significant role in promoting clean ener-
gy consumption which impacts positively on carbon emis-
sions. Ben Kheder and Zugravu-Soilita (2008) did a research
work on pollution and found that the pollution emitting from
the activities of the French industries are significantly positive
with pollution in the host countries. Also, Ben Kheder and
Zugravu-Soilita (2008) studying on China economy found
positive relationship between FDI and CO2 emissions. A
research work on OECD countries by Pazienza (2015) shows
a negative association between FDI and environment (agricul-
tural and fishing sectors). A research work on Nigeria by
Ajide and Adeniyi (2010) found a positive relationship be-
tween FDI (in terms of the activities of the multinational oil
and gas firms) and CO2 emissions. Omri (2013) observed that
FDI inflows cause increase or raise CO2 emissions substan-
tially by 0.19%. In his panel work of 110 developed and de-
veloping countries, Shahbaz et al. (2014) found a positive
relationship between the foreign investments and
CO2 emissions in terms of environmental degradation.
Blanco et al. (2013) demonstrated in his studies that FDI in-
flow has a positive relationship with environmental degrada-
tion. Also, Talukdar and Meisner (2001) in their studies found
a negative significant connection between FDI (from devel-
oped countries) and CO2 emissions in developing countries.

Studies analyzing the relationship between trade
openness and CO2 emissions

Many research works have considered this subject, either as a
joint analysis with energy consumption or as financial devel-
opment. In the work of Balsalobre-Lorente et al. (2018, b),
they found that the interaction between trade openness and
economic growth exerts a positive impact on carbon emis-
sions. A research work was done on newly industrialized
countries (NIC) by Hossain (2011); he found a uni-
directional short-run transmission from trade openness to car-
bon emissions. Shahbaz (2011) investigated the South African
economy with respect to interaction between trade openness
and environmental performance; he found a long-run relation-
ship between trade opens and environmental quality.
Muhammad and Fatima (Muhammad and Ghulam Fatima,
2013) did a work on Pakistan economy as regards the rela-
tionship among economic growth, carbon emissions, financial
development, and trade openness. He, among others, found a
significant impact on carbon emission from trade openness.
Furthermore, in Turkey, Ozturk and Acaravci (2013) did a
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work for the period of 1960–2007, and they found that trade
openness has a positive relationship with carbon emissions.
Shahbaz (2013) did a research work on China using financial
development, energy use, and trade openness; he found
feedback among the variables. Also, Shabaz (2013)
researched on Indonesia economy as regards the relationship
among financial development, energy use, and trade open-
ness; he found a negative relationship between trade openness
and carbon emissions.

Data, methodology, and empirical findings

Data

Indonesian annual data have been used for the period that
covered from 1980 to 2017 in the current research. Data on
GDP per capita (constant 2010 US$), CO2 emissions (metric
tons per capita), energy use (kilogram of oil equivalent per
capita), foreign direct investment, net inflows (bop, current
US$), and trade openness (IMP (constant 2010 US$)+EXP
(constant 2010 US$)/GDP (constant 2010 US$)) are all
sourced from the 2018 World Development Indicator
(WDI), and these are the selected variables for this study.
The chosen variables are all expressed in their natural loga-
rithm form to achieve homoscedasticity. Definitions and sum-
mary of the variables are displayed in Table 1.

Preliminary analysis includes summary statistics that is
presented in Table 2 which reports averages, standard divi-
sions, maximum, and minimum. In addition, information
about symmetry and peakness of the variables are computed
as revealed by the normality test (Jarque-Bera) and Kurtosis,
respectively. We observe that trade openness displays the
highest average and lowest is seen as carbon emission. All
variables show light tails with kurtosis less than three. In re-
gard to symmetry, all outlined variables are normally distrib-
uted as reported by the Jarque-Bera probability with the ex-
ception of FDI.

Methodological process

The methodological framework employed in the present study
includes the following: test for unit root, descriptive statistics,

optimal lag selection criterion, dynamic autoregressive distrib-
uted lag (ARDL), and causality testing. The author employed
applications like Dickey-Fuller (ADF-Dickey and Fuller
1981), Phillips-Perron (Perron 1990), and Kwiatkwoski-
Phillips-Schmidt-Shin (KPSS 1992) unit root tests to determine
if the selected variables are stationary at level, at first difference
or mixed order. The vector autoregressive (VAR) lag order
selection criteria were employed for optimal lag selection,
and this was done with the Akaike information criteria (AIC).
Descriptive statistics was employed for the identification of the
mean, minimum, andmaximum range of the selected variables,
and the dynamic autoregressive distributed lag (ARDL), with 3
lags together with ARDL-bound estimation (both short-run and
long-run) as proposed by (Pesaran et al. 2001), is employed in
this study to estimate both the long-run and the short-run con-
nections among the economic growth (GDP), carbon emission,
energy use, openness, and FDI. Pairwise Granger causality is
equally employed in order to trace and establish the nexus that
exist among the variables which assisted in investigating and
reporting clearly the environmental implication of offshore eco-
nomic activities by linking among the economic growth, ener-
gy use, and environment (CO2) in a cointegrated and causality
framework.

Model specifications

The current study seeks to analyze the environmental impli-
cation of offshore economic activities by linking the selected
variables in a linear manner with economic growth (GDP) as a
dependent variable and others (CO2 emissions, energy use,
openness, and FDI) as independent variables. The research
model specification and the entire estimation approach of this
study are based on ARDL approach to establish and analyze
the linear relationship that exist among the chosen variables
(economic growth (GDP), CO2 emissions, energy use, trade
openness, and FDI). The econometric form is expressed as:

Y ¼ ACO2
θ1EUθ2OPENθ3 FDIθ4 ð1Þ

Y represents income (GDP per capita) in a constant local
currency, A represents the level of technology use in the coun-
try, and it is considered to be fixed (CO2 represents environ-
ment (CO2 emissions), EU represents energy use, and OPEN

Table 1 Variables and their
measurements Full description of the variables Short names of the variables Measurement/calculations

GDP per capita GDP Constant 2010 US$ (logGDP)

Carbon dioxide CO2 emissions Metric tons per capita

Energy use Energy use kg of oil equivalent per capita

Trade openness Open Export+import/GDP (all in US$)

Foreign direct investment, net inflows FDI Bop, current US$

Source: authors’ compilation
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and FDI represent trade openness and foreign direct invest-
ment inflow, respectively. The subscripts (θ1, θ2, θ3, θ4, and
θ5) denote the return to scale which is linked to the variables
in use. All the series are converted and expressed in the log-
arithm in order to express the model in a linear form instead of
a non-linear form. There is a level of spurious findings always
emanating from a non-linear specification which will tend to
mislead the audience of this study and stall the policy-making
process and purpose. The functional relationship of the pres-
ent study leverages after the study of Gokmenoglu and
Taspinar (2016):

Y t ¼ Aþ θ1CO2t þ θ2EUt þ θ3OPENt þ θ4FDIt þ εt ð2Þ

FromEq. (2), the relationship among the economic growth,
CO2 emissions, energy use, trade openness, and FDI is esti-
mated while holding the technology (A) fixed. This is later
framed in a linear model while keeping the technology fix as
follows:

Y t ¼ θ0þ θ1CO2t þ θ2EUt þ θ3OPENt þ θ4FDIt þ εt ð3Þ
where Y denotes GDP per capita, CO2 denotes environment
(CO2 emissions), EU represents energy use, OPEN denotes
trade openness, and FDI denotes foreign direct investment
inflows, ε and t denote error term and time index.

Estimation procedure

Stationarity test

Time series data or country-specific analyses are always be-
lieved to have unit root; for this purpose and in a way of
avoiding spurious estimation and analyses, it is important for
the stationarity test to be conducted. This study employed
some of the generally accepted techniques like Dickey-

Fuller (ADF) (Dickey & Fuller, 1981), Phillips-Perron (PP)
(Perron 1990), and Kwiatkwoski-Phillips-Schmidt-Shin
(KPSS 1992) to determine if the variables have a non-unit
root. The stationarity was tested and the output confirms that
the data are non-stationary and that all variables are integrated
into the order of one I (1). Furthermore, the tests account for
structural break dates. The break dates show the new govern-
ments striving with reforms such as fiscal policy, monetary
policy, and political climate. The reforms include improving
the investment climate and boosting the growth, which is tai-
lored towards expanding investments in public infrastructure,
minimizing the stringency of public (government) regulations,
and opening up new sectors of the economy to private invest-
ment. These reforms are targeted at opening the Indonesian’s
economy for the attraction of foreign investors with caution as
it concerns welfare and environmental issues. The appearance
of 2010 as among the accounted break dates is in line with
global financial crises that hit the global economy from 2008
to 2010/2012. The results of the above-mentioned techniques
and the structural break are displayed in Table 4.

ARDL-bound testing approach

The unit root tests confirmed the integration of all the vari-
ables to order of one I (1) as reported in Tables 3 and 4 for all
conducted test, both traditional and break-point unit root. All
outlined tests are in harmony of order one integration. The
current study chose ARDL because of its advantage in
displaying its estimation results in lags order thereby giving
in the relationship history of the selected variables. This aids
the author to accommodate the relationship trend in the anal-
yses without being bias at the initial result which might ob-
struct the expectations of the author, and it also helps in policy
formulation in a research study. This is the case where the lag
order of the result comes in a mixed order of negativity and

Table 2 Descriptive statistics of
the variables LN CO2 LNGDP LNEN LNFDI LNOPEN

Mean 1.303061 212.06313 662.3227 5.38E+09 861.39933

Median 1.256117 200.47029 689.6921 1.84E+09 845.05718

Maximum 2.559750 375.49519 893.9110 2.51E+10 1.24E+08

Minimum 0.642650 111.88870 377.6794 − 4.55E+
09

540.25568

Std. dev. 0.512549 7,519,449. 178.8905 8.12E+09 241.85896

Skewness 0.506956 0.576213 − 0.355925 1.282490 0.147126

Kurtosis 2.583998 2.357670 1.698413 3.315933 1.576598

Jarque-Bera 1.901705 2.756065 3.484693 10.57498 3.345041

Probability 0.386411 0.252074 0.175109 0.005054 0.187773

Sum 49.51632 8.06E+08 25,168.26 2.04E+11 3.27E+09

Sum sq. dev. 9.720147 2.09E+15 1,184,067. 2.44E+21 2.16E+16

Observations 38 38 38 38 38

Source: authors’ compilation
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positivity, where in one lag, the variables may be displaying
positive association with the dependent variable but with a
negative relationship in next lag. This will expose the

variables that needed to be managed for a certain time period,
even though they are not yielding the expected result in the
current time, but considering the positive trend in the

Table 3 Unit root test
At level 1st diff

Variables With intercept Intercept and trend With intercept Intercept and trend Conclusion

ADF

LNGDP 2.4167 − 0.1808 − 3.8835*** − 4.4473*** I (1)

LN CO2 − 1.1018 − 3.1497 − 6.0682*** −5.9783*** I (1)

LNENERGY − 1.8802 − 1.6098 − 6.6229*** − 4.5693*** I (1)

LNOPEN − 1.3805 − 3.4355* − 8.0636*** − 7.9614*** I (1)

LFDI − 1.7971 − 2.7493 − 6.4656*** − 6.3490*** I (1)

PP

LNGDP 2.4167 − 0.4372 − 3.8835*** − 4.4320*** I (1)

LN CO2 − 0.8677 − 3.1395 − 7.0744 *** − 6.8957*** I (1)

LNENERGY − 1.1387 − 1.4931 − 6.7505*** − 7.3533*** I (1)

LNOPEN − 1.2398 − 3.4326* − 8.0636*** − 7.9614*** I (1)

LNFDI − 1.0017 − 2.5300 − 6.4526*** − 6.3099*** I (1)

KPSS

LNGDP 0.7176** 0.1634** 0.3958* 0.0977
LN CO2 0.6905** 0.0662 0.1449 0.1440*

LNENERGY 0.7185** 0.1810** 0.1868 0.1681**

LNOPEN 0.6820** 0.0637 0.0738 0.0676

LNFDI 0.5032** 0.1559 ** 0.1321 0.0743

*Significant at 10%

**Significant at 5%

***Significant at 1%

Lag length based on SIC; probability based onMacKinnon (1996) one-sided p values and Kwiatkowski-Phillips-
Schmidt-Shin (1992)

Source: authors’ computation

Table 4 Break-point unit root
tests Variable ADF p value Lag Break date CV (1%) CV (5%)

Level

LNGDP − 7.884 < 0.01*** 5 1997 − 5.348 − 4.8598
LN CO2 − 7.491 < 0.01*** 9 2010 − 5.348 − 4.8598
LNENERGY − 4.932 0.0401** 0 1989 − 5.348 − 4.8598
LNOPEN − 4.1705 0.275 8 1998 − 5.348 − 4.8598
LNFDI − 3.8550 0.4651 9 1997 − 5.348 − 4.8598

1st diff

LNGDP − 12.490 < 0.01*** 9 1997 − 5.348 − 4.8598
LN CO2 − 7.286 < 0.01 *** 1 2012 − 5.348 − 4.8598
LNENERGY − 7.886 < 0.01*** 9 1990 − 5.348 − 4.8598
LNOPEN − 11.1344 < 0.01*** 0 1988 − 5.348 − 4.8598
LNFDI − 6.1463 < 0.01*** 0 1984 − 5.348 − 4.8598

*Significant at 10%

**Significant at 5%

***Significant at 1%

Source: authors’ computation
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subsequent lags, it could be handled with care, bearing in
mind of the possible future impact. ARDL approach has been
misunderstood by many researchers and this led to a general
conclusion that it is limited to only where the order of integra-
tion is mixed, but in actual sense, ARDL does not select the
order of integration (see Pesaran et al. 1998 & 2001). Hence,
the current study adopted the ARDL-bound approach.

ARDL specifications The econometric specification of ARDL
equation can be written as follows:

Y ¼ θ0 þ θ1CO2 þ θ2EUþ θ3OPENþ θ4FDIþ ε ð4Þ

Y represents the log of GDP per capita, CO2 represents
the log of carbon (CO2 emissions) emissions, EU repre-
sents the log of energy use, while OPEN and FDI stand
for the log of openness and log of foreign direct invest-
ment inflows, respectively, and ε represents the error
term. θ0, θ1, θ2, and θ3 denote the coefficients of the
variables in the model. Equation (4) is expanded from
the ARDL dynamic equation to contain both the long-
run (ARDL-bound testing) and short-run (error correction
tests) equations. The two models (long-run and short-run)
are expressed in Eqs. (5) and (6) as follows:

Y t ¼ θ0 þ θ1Y t−1θ2CO2t−1 þ θ3EUt−1 þ θ4OPENt−1

þ θ5FDIt−1 þ εt ð5Þ
ΔY t ¼ θ0 þ θi∑n

i¼1 Y t−iθ j∑n
j¼1 C02t− j þ θk∑n

k¼1 EUt−k

þ θn∑n
n¼1
OPENt−n þ θm∑n

n¼1
FDIt−m þ ECMt−1

þ εt ð6Þ

From Eq. (5), θ0, θ1, θ2, θ3, and θ4, and, from Eq. (6), θ0,
θI, θJ, θK, θN, and θm are the long-run coefficients, and the
parameters in Eq. (6) are the short-run coefficients. Δ in Eq.
(6) denotes the 1st difference of the variables, while ECMt − 1

shows the speed of adjustment over a certain period of time
which is usually considered as the long-run. Before the proper
estimation of ARDL dynamic tests, it is vital to check the
long-run association among the choice variables using the
bound testing procedure.

The hypothesis with a claim of no cointegration in the
model is as follows:

H0 : θ0 ¼ θI ¼ θ J ¼ θK ¼ θN

¼ 0 against the alternative hypothesis H1 : θ0 ¼ θI

¼ θ J ¼ θK ¼ θN≠0 with a view of cointegration:

The ascertainment of cointegration is done by comparing
the estimated F-statistics (T-statistics) with critical lower I (0)
and upper I (0) bound values. Bound testing is done to check

for long-run associations and often denoting Wald or F-test.
According to Pesaran et al. (2001), the estimated F-statistics
value with bound testing approach is compared with the esti-
mated critical value, and if the estimated value of F-test is
greater than the tabulated value, it shows that the long-run
association between variables exists. Hence, the null hypoth-
esis of no cointegration is rejected. However, if the F-statistics
is lesser than the lower bound critical value, the alternative
hypothesis of the existence of cointegration is rejected, while
the result becomes inconclusive when the F-statistics is in
between the two (upper and lower) bounds critical values.
The ARDL-bound approach test model employs a more gen-
eral approach to the conditional error correction model
(ECM). This approach, combined with the option of imposing
restriction on intercept, trend, and or both as shown in the
general model of Eq. (6), is expressed in the above specifica-
tion. Hence, the results are presented in Table 5.

Table 5 reports the results of both the long-run (ARD-
bound testing) and the short-run (ECT) derived with
autoregressive distributive analyses (ARDL) estimation. The
optimum lag selection is 4 as indicated by the Akaike criteria
(AIC). The Akaike information criteria were considered ap-
propriate for the optimum lag selection because of its superior
properties over other criteria (see Shahbaz & Rahman, 2012).
According to the output from the AIC, lag 4 is considered
appropriate for the sample size of this analysis. The ECM
coefficient with a negative sign and highly significant at even
1% shows the speed of adjustment in restoring the disjointed
equilibrium in the dynamics model; it is also an indicator that
there is a convergence among the variables in the long-run to
an equilibrium (see Bannerjee et al. 1998). The cointegration
equation for this study revealed (ECT = − 0.1748) 18%
(approximately) speed of adjustment to the equilibrium path
on GDP from the impact of CO2 emissions, energy use, trade
openness, and FDI on an annual basis. The outcome of the
estimation shows a mixed pattern of relationship between the
variables and the economic growth (GDP). The displayed re-
sult in Table 5 confirms the ARDL long-run (elasticity) of
economic growth is significantly positively associated with
carbon emissions. This finding is in consonance with the find-
ings of Alola et al. (2019a, b) in their study on large economies
of Europe and of Emir and Bekun (2019) in their work on
Romania, but this finding changed in the 1st and 2nd lags with
negative and significant relationship between GDP and CO2

emissions. This means that the economic growth of Indonesia
induces carbon emissions in the initial stage, but in the 1st and
2nd lags, both in the short-run and long-run, the otherwise is
the case, meaning that economic growth of Indonesia is re-
ducing the carbon emission which is a laudable trend for the
economy. This finding corresponds to the findings of Sarkodie
and Strezov (2019) who found a negative relationship be-
tween the economic growth and pollution in their work on
developing countries, and also in the work of Akadiri et al.
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(2019a). Numerically, a 1% increase in the carbon emissions
significantly impacted the economic growth positively by
12%, but surprisingly to the good of the Indonesian economy,
this trend was altered in 1st and 2nd lags. Hence, a 1% in-
crease in the economic growth reduces carbon emission by
18% and 9% in both first and second lags, respectively.
Also, this finding shows a positively significant relationship
between economic growth and energy use (as expected). This

portrays a success trend in balancing the economic growth and
the environmental quality because whenever the economy is
growing, there is every tendency that the energy consumption
will be high in the economy, but where the energy consump-
tion is efficiently moderated and carefully shifted to a more
conservative renewable energy, it will go a long way to reduce
the carbon (CO2) emission as we found in the growth relation-
ship with the CO2 emissions in the 1st and 2nd lags. This

Table 5 ARDL dynamic
estimates of GDP equation Variables Coefficients SE T-statistics Probability value

Short-run

D(LN CO2) 0.1240 0.023 5.344 0.0002***

D(LN CO2 (− 1)) − 0.176 0.081 − 2.458 0.0008***

D(LN CO2 (− 2)) − 0.880 0.410 − 2.146 0.0500**

D(LNENERGY) 0.842 0.040 2.105 0.0176**

D(LNENERGY (− 1)) − 0.169 0.030 − 5.709 0.0002***

D(LNENERGY (− 2)) − 0.162 0.062 − 2.583 0.04501**

D(LNOPEN) − 0.542 0.426 − 1.247 0.2411

D(LNOPEN (− 1)) 0.804 0.426 1.885 0.0861*

D(LNOPEN(− 2)) 1.687 0.394 4.280 0.0013***

D(LNFDI) 3.045 0.606 5.020 0.0004***

D(LNFDI (− 1)) − 6.404 2.035 − 3.146 0.0093***

D(LNFDI (− 2)) − 4.775 1.528 − 3.124 0.0097***

CointEq (− 1)* − 0.174 0.023 − 7.649 0.0000***

Long-run

LN CO2 0.1240 0.023 5.344 0.0002***

LN CO2 (− 1) − 7.030 2.970 − 2.366 0.0374**

LN CO2 (− 2) 8.680 3.450 2.513 0.0288**

LNENERGY 0.842 0.420 2.004 0.0455**

LNENERGY (− 1) − 1.610 1.010 − 1.594 0.1393

LNENERGY (− 2) − 0.542 1.340 − 0.404 0.692

LNFDI 3.045 1.634 1.863 0.0894*

LNOPEN − 0.542 0.435 − 1.246 0.239

LNOPEN (− 1) − 0.740 0.252 − 2.940 0.0134**

LNOPEN (− 2) 0.884 0.252 3.499 0.0050***

C − 6.060 2.650 − 2.290 0.0427**

Bound test (long-run)

F-statistics 8.6*** K = 4, at 1% I (0) bound = 3.74 I (1) bound = 5.06

T-statistics − 7.23*** K = 4, at 1% I (0) bound = − 3.4 I (1) bound = − 4.6
Wald test (short-run)

F-statistics 13.25***

p value 0.0004

Serial correlation test

F-statistics 0.634

Heteroskedasticity test

F-statistics 0.975

*Rejection of the null hypothesis at the 1%

**Rejection of the null hypothesis at the 5%

***Rejection of the null hypothesis at the 10%

Sources: authors’ computation
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research finding is in agreement with the findings of Sarkodie
and Strezov (2019) that validate the pollution haven hypothe-
sis for Indonesia at the initial stage, but with the careful ob-
servation of a change of pattern in both 1st and 2nd lags, a
decline shown in total emissions in 2016 countered the find-
ings from Sarkodie and Strezov (2019). Also, the projection of
Barnard (2017), where it is projected that CO2 emissions of
Indonesia will growmore than double in the next few years, is
equally faulted with this finding and the decreasing trend of
CO2 emissions in Fig. 1. This is in agreement with the works
of Emir and Bekun (2019) for the Romania study and
Paramati et al. (2017) and Balcilar et al. (2019) for their
Pakistan study. A negative and significant relationship is
found between openness and economic growth, but positive
and significant relationship was observed between openness
and growth in the 1st and 2nd lags. This is a true picture of a
trade deficit and import-oriented country like Indonesia.
Indonesia trade openness does not reflect a favorable one be-
cause of its over-dependence on importation of primary and
non-technological products, but a reversal was observed in the
lag periods and the same trend was observed even in the long-
run which is a good sign and healthy to the economy of
Indonesia. This finding is in agreement with the works of
Hye (2012) for Pakistan who found a negative relationship
between economic growth and openness, and of Akadiri
et al. (2019a) for Ghana with a positive result. As for the
findings on the relationship between the economic growth
and FDI, the result shows a positive and significant relation-
ship between the economic growth and foreign direct invest-
ment inflow in both the short-run and in the long-run. This
shows that FDI is impacting favorably to the Indonesia eco-
nomic performance which is yielding to the government re-
form policy of shifting from public to private investment, and
it is healthy to the economy and at the same time very attrac-
tive to the foreign investors. This has an implication to the
environmental quality of Indonesia via economic growth;
hence, the higher and better the economic growth of the coun-
try, the lesser the carbon emissions and the better the environ-
mental quality and the general welfare. This supports the pol-
lution halo hypothesis by Shahbaz (2018b), where FDI en-
hances the economic growth which impacts the energy

consumption and carbon emission favorably in the host
country. This supports the findings of Paramati et al. (2017)
in their work on G2O, OECD nations, and Anyanwu (2012).

Granger causality

The conventional regression will only show the relationship
and impact with the level of the impact as significant or insig-
nificant but does not really exhibit direct causation
(transmission) which is behind the relationship among the
variables adopted in any research studies. Not minding the
fact that the applied (ECT) as employed in this very work
shows causality (transmissions) among the variables, it is lim-
ited with the causality without much light to the direction
(feedback) of the causality. Hence, this informed the choice
of testing further to ascertain both the transmission and the
direction of the transmission among the employed variables
(GDP per capita, CO2 emissions, energy use, trade openness,
and FDI). In an attempt to identify the direction of the trans-
mitting among the variables, the current study considered the
pairwise Granger causality technique an appropriate approach
to be employed. The theoretical background of the Granger
causality is established in line with the Gregory and Hansen
(1996) mode. The equation is expressed as follows:

Y 1t ¼ cþ αt þ γΔWt λð Þ þ δiY 2t þ μt ð7Þ
where Y1t and Y2t are of 1st difference (i.e., I (1)) and Y2t
represents the set of variables (GDP per capita, CO2 emis-
sions, energy use, openness, and FDI); ΔWt(λ) = 1
for t >Tλ; otherwise, ΔWt(λ) = 0; λ=Ta/T denotes the lo-
cation where the structural break lies; T remains the sam-
ple size while Ta denotes the date of the occurrence of a
structural break (1984, 1988, 1989, 1990, 1997, 1998,
2010, and 2012). Also, there is a need to check whether
the error term μt in Eq. (7) is stationary at level I (0) or
1st difference I (1) through any of the ADF or PP tech-
niques. If it is (i.e., μt) found to be consistent with I (1), it
is assumed that the cointegration exists between Y1t and
Y2t. If the statistical features of μt is established, one can
use the bivariate vector autoregressive (VAR) model to

Fig. 1 Annual total growth of Indonesia emissions from 6 different
sources of Indonesia’s total emissions from 2000 to 2016. Emissions
from peatland fires (blue), forestry and other land use (“FOLU”; green),
waste (yellow), agriculture (pale green), industry (“IPPU”; red), and

energy (orange) are shown. Emissions are shown in gigagrams of CO2

equivalent (GgCO2e, millions of tonnes). It is worth noting that the fig-
ures are self-reported. Source: Ministry of Environment and Forestry,
Indonesia
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estimate the Granger causality.
The VAR model can be expressed as follows:

Y t ¼ θ0 þ ∑n
i¼1 þ ∑n

i¼1 αiΔY t−i þ ∑n
i¼1 δiΔCO2t−i

þ ∑n
i¼1 βiΔEUt−i þ ∑n

i¼1 λiΔOPENt−i

þ ∑n
i¼1 γiΔFDIt−i þ εt ð8Þ

C02t ¼ θ0 þ ∑n
i¼1 þ ∑n

i¼1 αiΔCO2t−i þ ∑n
i¼1 δiΔY t−i

þ ∑n
i¼1 βiΔEUt−i þ ∑n

i¼1 λiΔOPENt−i

þ ∑n
i¼1 γiΔFDIt−i þ εt ð9Þ

EUt ¼ θ0 þ ∑n
i¼1 þ ∑n

i¼1 αiΔEUt−i þ ∑n
i¼1 δiΔCO2t−i þ ∑n

i¼1 βiΔY t−i

þ ∑n
i¼1 λiΔOPENt−i þ ∑n

i¼1 γiΔΔFDIt−i þ εt

ð10Þ

OPENt ¼ θ0 þ ∑n
i¼1 þ ∑n

i¼1 αiΔOPENt−i

þ ∑n
i¼1 δiΔCO2t−i þ ∑n

i¼1 βiΔEUt−i

þ ∑n
i¼1 λiΔY t−i þ ∑n

i¼1 γiΔΔFDIt−i þ εt ð11Þ
FDIt ¼ θ0 þ ∑n

i¼1 þ ∑n
i¼1 αiΔPOPt−i

þ ∑n
i¼1 δiΔCO2t−i þ ∑n

i¼1 βiΔEUt−i

þ ∑n
i¼1 λiΔOPENt−i þ ∑n

i¼1 γiΔY t−i þ εt ð12Þ

The current study applies the pairwise Granger causality
which serves as a robust check to the findings from the error
correction estimation. The pairwise Granger causality is
shown in Table 6.

Table 6 encompassed and shows the result from the
pairwise Granger causality test. The findings give credence
to the revealing of the dynamic, ARDL-bound (long-run),
and ECT (short-run) estimations above. It is established from
the findings that uni-directional causation passing to foreign
direct investment (FDI) from the economic growth (GDP) at
5% significant level. This is a signal of a good economic
performance that poised on attracting investors. This is laud-
able and attests to the fact that the new government’s striving
with reforms such as fiscal policy, monetary policy, and polit-
ical climate is yielding positive results by attracting FDI,
hence GDP causing FDI. The reforms include improving the
investment climate and boosting growth which is tailored to-
wards expanding investments in public infrastructure, mini-
mizing the stringency of public (government) regulations, and
opening up new sectors of the economy to private investment.
These reforms are targeted at opening the Indonesian’s econ-
omy for the attraction of foreign investors with caution as it
concerns welfare and environmental issues, and this finding is
in consonance with the target. This finding is in support of the
findings in the works of Nguyen and Ross (2017) and Peiris
et al. (2016) on Vietnam and Chinese economy. The causality
tests equally show uni-directional transmission passing from
energy to openness, CO2 emissions, and from FDI to CO2

emissions while there is feedback causation between openness
and CO2 emissions. This established how the economic
growth of Indonesia and the carbon emissions are impacted
through the nexus among the selected variables. Thus, it is a
clear indication that Indonesian economy is not far-fetched
from the energy-induced growth considering the high depen-
dence of the economy on manufacturing and industrial sec-
tors. It gives vivid direction of the transmissions and how the
environmental quality is impacted; hence, energy consump-
tion is causing CO2 emissions through (offshore) economic
and industrial activities such as foreign investments. FDI with
openness is equally causing CO2 emissions respectively and
this has environmental implication which can be either nega-
tive or positive. This is definitely going to be a pointer to
policy-makers on how to frame policies to achieve a balanced
economic growth with efficient energy use in others to main-
tain free lethal CO2 emissions. The findings as it concerns
energy use transmitting to CO2 emissions are in agreement
with the findings of Alola et al. (2019a, b) and Akadiri et al.
(2019b).

Diagnostic test

A diagnostic test was carried out in an attempt to ascertain the
stability of the analyses. The test was done with some estima-
tions as regards to the normality, correlation, and stability of
the analyses to ensure that the analysis and estimations are free
from wrong estimations or misspecification which will lead to
a doubt on the validity of our claims. The findings from the
te s t s o f se r i a l co r re l a t ion , no rma l i ty t e s t , and
heteroscedasticity show that the study is normally distributed
and free from any form of serial correlation (see the findings
on the below of ARDL-bound test table immediately after
bound test). The stability and reliability of the short-run
and long-run ARDL model were checked with cumula-
tive sum (CUSUM) tests and cumulative sum of square
tests (CUSSUM) (Brown et al., 1975). The finding clear-
ly indicates that the stability of the coefficients over the
period researched is assured. The results are shown in
Fig. 2.

Concluding remark and policy implication

This study integrates foreign direct investment (FDI) and trade
openness in a multivariate setting as it attempts to investigate
empirically the environmental implication of offshore eco-
nomic activities. This is done by linking among the economic
growth, energy use, and environment (CO2) in a cointegrated
and causality manner. The study is estimated with the combi-
nation of ARDL (dynamics)-bound tests and the pairwise
Granger causality estimation approaches. Long equilibrium
is established with findings of ARDL-bounds testing, and
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robust check for confirmation of the long-run stability and
ability to adjust after disequilibrium was done with error cor-
rection model (ECM). The output confirmed long-run equilib-
rium with the ability to adjust at − 0.174%. Some key vari-
ables (such as CO2 emissions, energy use, trade openness, and
FDI) displayed a mixture of positive and negative both at an
initial stage and at different lags with the economic growth,
and all the independent variables are significant, in consider-
ation to the output of the long-run association estimation from
Table 5. It rightly depicts the relationship that is established

between economic growth and the explanatory variables. The
outcome of the estimation shows a mixed pattern of relation-
ship between the variables and the economic growth (GDP).
The displayed result in Table 5 confirms the ARDL long-run
(elasticity) of economic growth is significantly positively as-
sociated with carbon emissions. But this finding changed in
the 1st and 2nd lags with negative and significant relationship
between GDP and CO2 emissions. This means that economic
growth of Indonesia induces carbon emissions in the initial
stage, but in the 1st and 2nd lags, both in the short-run and

Table 6 Granger causality result
Null hypothesis F-

statistics
Probability Causality Direction

LN CO2→LNGDP

LNGDP→ LN CO2

0.10049

1.85873

0.9047

0.1728

No Neutral

LNENERGY→LNGDP

LNGDP→LNENERGY

0.03379

0.01187

0.9668

0.9882

No Neutral

LNFDI→LNGDP

LNGDP→LNFDI

0.10113

3.72402

0.9041

0.0355**

Yes Uni-directional

LNOPEN→LNGDP

LNGDP→LNOPEN

0.17012

10.3056

0.8443

0.0004***

Yes Uni-directional

LNENERGY→LN CO2

LN CO2→LNENERGY

5.76815

0.04614

0.0074**

0.9550

Yes Uni-directional

LNFDI→LN CO2

LN CO2→LNFDI

1.41649

4.41186

0.2578

0.0206**

Yes Uni-directional

LNOPEN→LN CO2

LN CO2→LNOPEN

2.59832

5.24343

0.0905*

0.0109**

Yes Bi-directional

LNFDI→LNENERGY

LNENERGY→LNFDI

0.34059

1.61217

0.7140

0.2157

No Neutral

LNOPEN→
LNENERGY

LNENERGY→
LNOPEN

1.00137

5.66398

0.3789

0.0080**

Yes Uni-directional

LNOPEN→LNFDI

LNFDI→LNOPEN

1.16011

1.03677

0.3267

0.3666

No Neutral

*Rejection of the null hypothesis at 10%

**Rejection of the null hypothesis at 5%

***Rejection of the null hypothesis at 1%

Sources: authors’ computation
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long-run, the otherwise is the case, meaning that economic
growth of Indonesia is reducing the carbon emission which
is a good trend for the economy. Also, findings showed a
positively significant relationship between economic growth
and energy use (as expected). This portrays a success trend in
balancing the economic growth and the environmental quality
because whenever the economic is growing, there is every
tendency that the energy consumption will be high in the
economy, but where the energy consumption is efficiently
moderated and managed, and carefully shifted to a more con-
servative renewable energy, it will go a long way to reduce the
carbon emission as we found in the growth relationship with
the CO2 emissions in the 1st and 2nd lags. A negative and
significant relationship is found between openness and eco-
nomic growth, but positive and significant relationship was
observed between openness and growth in the 1st and 2nd
lags. This is a true picture of a trade deficit and import-
oriented country like Indonesia. Indonesia trade openness
does not reflect a favorable one because of its over-
dependence on importat ion of primary and non-
technological products, but a reversal was observed in the
lag periods, and the same trend was observed even in the
long-run which is a good sign and healthy to the economy
of Indonesia. As for the findings on the relationship between
the economic growth and FDI, the result shows a negative but
not significant relationship between the economic growth and
foreign direct investment inflow in the short-run, while in the
long-run, the relationship became significantly positive. This
shows that FDI is impacting favorably Indonesia’s economic
performance which is yielding to the government reform pol-
icy of shifting from public to private investment, and it is
healthy to the economy and at the same time very attractive
to the foreign investors. This has implication to the environ-
mental quality of Indonesia via economic growth; hence, the
higher and better the economic growth of the country, the
lesser the carbon emissions and the better the environmental
quality. This support the pollution halo hypothesis by Shahbaz
(2018b), where FDI enhance economic growth which impacts
energy consumption and carbon emission favorably in the
host country.

With the findings of this present study, which provides
justifiable evidence of nexus transmissions among economic
growth, CO2 emissions, energy use, openness, and FDI, the
government policy implication should be framed and centered
on how to mitigate between energy intensity, openness, and
FDI to sustain the present economic growth trend of Indonesia
while reducing the CO2 emissions in the economy. This
should be done with an eye on the attraction of foreign inves-
tors with the environmental conscious policy which will bal-
ance the gains of the investors and the quality of environment.
Also, cost-effective yardstick should be a better way of im-
proving the efficiency and reduction of the energy intensity,
thereby meeting up with its target of cutting emissions to 43rd

percent in 2030while targeting to deliver the annual economic
growth of 5.6 and 6% in the next 25 years. The handlers of the
economy should engage on energy security and diversifica-
tion by shifting from crude and traditional energy-generating
sources such as fossil fuel to a more conservative and renew-
able energy such as wind and solar sources of energy. Again,
considering the causation among CO2, FDI, and openness
especially the feedback transmission between openness and
CO2 emissions, it provides important policy implications for
controlling pollution emissions in Indonesia. Currently, the
government of Indonesia provides incentives to foreign inves-
tors to create avenue for attracting FDI. No doubt, FDI plays
an important contribution in the betterment of economy of any
developing country like Indonesia, but this should not sway
the attention of the government authorities from the environ-
mental impact of the offshore (openness and FDI) economic
activities in the country. With these implications in mind, ad-
equate and balanced regulatory policies should be in place to
moderate between the economic performance and environ-
mental consequences of the offshore economic activities in
Indonesia.
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