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The problem of air pollution caused by carbon dioxide emissions has gradually attracted
the international community’s attention. The study shows the effect of foreign direct
investment on carbon dioxide emissions in East Asia. Based on the 2011–2020 panel data
of East Asian countries, the long- and short-term impacts of trade, foreign direct
investment (FDI), and economic growth on the carbon dioxide (CO2) emissions of
these nations are estimated using an autoregressive distributed lag model. The results
show that in the short term, an increase in per capita gross domestic product (GDP) in the
current and previous periods will increase carbon dioxide emissions; an increase in FDI in
the current and previous periods will increase CO2 emissions; an increase in trade
openness in the current period will increase CO2 emissions. In the long term, per
capita GDP, FDI, and trade openness have no significant impact on CO2 emissions.
We should encourage foreign-invested enterprises to use and disseminate clean
production technologies and environmentally friendly management methods and pay
attention to trade structure adjustment.
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1 INTRODUCTION

The era of international economic globalization spawned a series of factors influencing human beings
worldwide and their surroundings. The consumption of a large amount of energy resources is needed
in the rapid progress of the economy, which increases global carbon dioxide emissions. Carbon
dioxide increases global temperature, and all aspects of its harm have reached an alarming level.
Therefore, to reduce the global temperature rise by 1.5°C, many countries signed the Paris climate
treaty in 2015. If nothing is done and the temperature rises by 2°C, the world will face the doom of
destruction. The challenge of environmental pollution has also driven other international
organizations to make an ongoing endeavor, such as the United Nations Framework
Convention on Climate Change (UNFCCC), world Health Organization, International Energy
Agency, Intergovernmental Panel on Climate Change (IPCC), United Nations Environment
Programme (UNEP), World Commission on Environment and Development, etc., to reduce
carbon dioxide emissions and limit the temperature rise by 1.5°C.

The problem of atmospheric environmental pollution caused by excessive carbon dioxide (CO2)
emissions has attracted the global community’s attention. Environmental pollution impacts various
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areas such as social production and human lives; Thus, it will
affect future economic development, the choices of current
economic development mode, and the policy choices and
distribution of economic interest patterns worldwide. The
economic development of countries mostly shows evident
phase characteristics. At different stages of economic
development, the leading industries in the national economy
vary. The production and development of the leading industries
directly affect the primary energy consumption and CO2

emission level. The continuous replacement and reform of
energy are an important symbol of the constant development
of human society. While promoting economic growth, large
volumes of CO2 emissions are produced, which pollute the
natural environment and exacerbate climate change. More
importantly, the current international traditional energy
reserves and environmental carrying capacities are limited.
Therefore, from the perspective of industrial structure
evolvement, the research on foreign direct investment in East
Asian countries on carbon emissions is of great significance.

Carbon emissions are mainly influenced by energy
consumption, while the industrial structure under economic
growth determines energy consumption. New alternative
energy sources need to be developed for the sustainable and
healthy development of the global economic society. These core
technologies of new energy are concentrated in economically
developed countries. At the same time, the period of
industrialization has passed in major developed countries, and
now, they are in the post-industrialized era dominated by tertiary
industry. The tertiary industry has low carbon emissions. Some
industries even have zero carbon emissions, which determines
that the peak period has passed in the carbon emissions of
developed countries. In some developed countries, per capita,
carbon emissions have shown a downward trend. However, the
developing countries are still in the process of industrialization,
whose economic development mode is dominated by the
secondary industry, an industrial model of high carbon
emissions. The industrial structure determined that the
developing countries have the ‘Carbon Lock-In’ limits on
technology and investment. It is difficult for them to break
away from the energy structure of high carbon emissions in
the short run; they need more carbon emission permits in the
future to meet the needs of promoting its development. However,
the climatic resources have the characteristics of ‘public
materials,’ the ownerless environmental capacity, and huge
carbon emission reduction costs make the low carbon
economy always face the fight between global public interests
and state interests, and the fight between many interest groups
within countries.

In the last decade, China’s average foreign direct investment
(FDI) value has been USD 1,194.510 billion, USD 607.175 billion
in Japan, USD 18.204 billion in South Korea, and USD 28.834
billion in Mongolia. China receives more FDI than Japan, South
Korea, and Mongolia. Foreign direct investment can bring capital
to a host country, advance technology and professional
knowledge, and strengthen the international competition
mechanism. China emits 9.827 billion tons of CO2, Japan
emits 1.195 billion tons, South Korea emits 607 million tons,

andMongolia emits 18.2038 million tons. China’s CO2 emissions
exceed Japan, South Korea, andMongolia. Thus, will FDI increase
CO2 emissions? This study develops a model to empirically test
the effect of FDI on CO2 emissions in East Asian countries.

The rest of the paper is arranged as follows: the second part is
the study background, the third part is the influence mechanism,
the fourth part is the research method, the fifth part is the
empirical research result, the sixth part is the discussion, some
pertinence policy recommendations are put forward, the seventh
part is the conclusion.

2 STUDY BACKGROUND

Research on the relationship between FDI, energy consumption,
and carbon emissions has gained value with the deepening of
human industrialization. The comprehensive and systematic
study of the coordination relationship between energy,
environment, and economy has been important and urgent
since the second-generation environmental issue in the 1980s.
The academic literature on this issue has been abundant in recent
years, but obtaining a clear conclusion has been difficult. There is
also a lack of positive and negative evidence on the impact of FDI
on China’s environment. At the theoretical level, the evidence in
both aspects can be supported by two basic hypotheses: pollution
halo and pollution haven. Based on a ternary research framework
regarding the energy–economy–environment relationship as the
object, we explore the comprehensive balance and coordination
development of the FDI–energy consumption–carbon emission
relationship.

he first circumstance is to analyze the relationship between
FDI and carbon emissions. Hymer, the first independent
researcher of FDI theory, proposed monopolistic advantage
theory in his doctoral thesis in 1960. According to Hymer,
the motivation for FDI was that, compared with the host nation,
the investor had more favorable knowledge advantages,
including production technologies, management, and
organizational skills, sales skills and other intangible assets,
and enterprise-scale and other monopolistic advantages,
thereby obtaining more benefits from production abroad.
Another reason for FDI is that strict energy environmental
management and control policies are generally implemented in
developed countries. Therefore, some polluting enterprises are
more inclined to transfer their factories to developing countries
with low environmental standards and lower production costs.
Inevitably, FDI causes environmental pollution while
promoting local economic development. The latter is the
juvenile form of the pollution haven hypothesis. Notably,
FDI in pollution-intensive industries in China is also based
on this hypothesis. This hypothesis is reasonable, but it lacks
strong empirical evidence. Baumol and Oates (1998)
theoretically discussed the pollution haven hypothesis. They
believed that if developing countries voluntarily implement
lower energy and environmental standards, they would
inevitably become places of concentrated pollution
worldwide. Zarsky (1999), Smarzynska (2001), and Xing and
Kolstad (2002) proved this hypothesis.
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Based on a cointegration test, Khalil and Inam (2006)
concluded the positive impact of FDI on CO2 emissions by
using Pakistan’s time-series data from 1972 to 2002. Sha and
Shi (2006) measured the environmental effect of FDI by using
China’s panel data for the 1999–2004 period. Reportedly, FDI had
a significantly negative impact on China’s ecological
environment. Talukdar and Meisner (2001) examined the
carbon emissions of private departments in 44 developing
countries from 1987 to 1995. They found that FDI promoted
CO2 emission reduction. The Organization for Economic
Cooperation and Development (OECD, 1999) reported that
FDI could effectively improve the environmental quality of the
host nation. Green and environment-friendly technologies and
effective management technologies will facilitate FDI enterprises’
compliance with the environmental standards of the host country
than local enterprises (Shehzad et al., 2020; Sarfraz et al., 2019;
Sarfraz et al., 2019b).

Jiang and Liu (2011) expanded the environmental Kuznets
curve (EKC) and included FDI and spatial correlation. The study
showed that spatial correlation significantly impacted the
environmental Kuznets inverted U-shaped curve, whereas FDI
had no obvious impact. Li and Lu (2010) explored the impact of
international trade and other factors on the CO2 emissions of
China’s industries by using the trade data of China’s 20 industries
with G7 and OECD developed countries based on an
environmental input-output model and net import analysis.
The empirical results demonstrate that international trade can
lower the total CO2 emissions and CO2 emissions per unit of the
economic output of China’s industries. Based on international
trade, China does not become a “pollution industry heaven” of
developed countries. Liu and Yan (2011) concluded that trade
opening had a negative effect on CO2 emissions based on an
analysis of China’s data from 1952 to 2007. Hu et al. (2012)
demonstrated the relationship between China’s trade openness
and per capita CO2 emissions using a nonparametric APLM
model. The empirical results show that China’s per capita CO2

emissions increase with trade openness (Shah et al., 2019; Ajaz
et al., 2020). In other words, trade openness has a significant
promotion effect on China’s per capita CO2 emissions. This result
supported the pollution haven hypothesis, and Haug and Ucal
(2019) investigated the impact of foreign trade and FDI on CO2
emissions in Turkey. Exports, imports, and FDI significantly
affect per capita CO2 emissions when linear and non-linear
autoregressive distributed lag (ARDL) models are used in
different studies. However, FDI has no statistically significant
long-term effect. In the long run, lower exports reduce per capita
CO2 emissions, but higher exports are not statistically significant.
Import increases have heightened per capita CO2 emissions,
whereas import decreases have had no long-term effect.
Nevertheless, CO2 intensity, which measures CO2 emissions
per unit of energy, is unaffected by exports and imports.

Conversely, it is positively influenced by financial
development and urbanization. Furthermore, they discovered
that rising per capita gross domestic product (GDP) has
resulted in lower CO2 emissions, at least in the last decade.
Furthermore, the proportion of CO2 emissions in the total
CO2 emissions has shifted. Export growth reduces CO2

emissions, whereas imports have the opposite effect. Shahbaz
et al. (2019) decomposed the environmental Kuznets curve into
scale, technical, and structural effects and incorporated energy
consumption, trade openness, and FDI effects into the
United States’ carbon emission function. The information on
unknown structural damage is also introduced while studying the
cointegration relationship between related variables. The
empirical results show a cointegration relationship between
variables in the presence of the structural mutation.

Furthermore, the scale effect increases CO2 emissions,
whereas the technical effect lowers them. Energy consumption
also increases carbon emissions, whereas the composition effect
improves environmental quality by lowering CO2 emissions.
Furthermore, free trade reduces CO2 emissions. However,
increased FDI will increase carbon emissions, negatively
impacting environmental quality.

Xie et al. (2019) examined the direct and spillover effects of
FDI and CO2 emissions in emerging countries using a panel
smooth transition regression model with non-linear and dynamic
characteristics. The findings indicate that FDI can directly
increase CO2 concentrations. Conversely, the economic growth
spillover effect demonstrates that FDI can reduce CO2

concentrations. The impact of FDI on total CO2 emissions has
shifted from positive to negative as the inflow of FDI increased,
thereby confirming the pollution paradise and pollution halo
hypotheses. Malik et al. (2020) used ARDL and non-linear ARDL
cointegration methods and Granger causality to investigate the
long- and short-term effects of per capita income, FDI, and oil
price on carbon emissions in Pakistan from 1971 to 2014. Both
approaches support Pakistan’s EKC hypothesis. According to the
symmetrical results, both economic growth and FDI have
increased carbon emissions in the long run, according to
symmetrical results. Oil prices have increased emissions in the
short run and decreased emissions in the long run. Mahadevan
and Sun (2020) investigated the impact of FDI on China’s
domestic economy and the carbon emissions associated with
the Belt and Road Initiative.

The total amount of FDI flowing into the host country reduces
pollution in the eastern and western regions but not in the central
region. However, China’s FDI, particularly from the eastern
region, has reduced pollution in the country. This fact
demonstrates that China may export carbon emissions
through FDI to the United Kingdom. However, the impact of
Chinese FDI on BRCS pollution varies according to the country’s
level of development. It has been discovered that China’s FDI
does not affect the low-, middle-and high-income groups.
Udemba and Yalcintas (2021) examined Algeria’s sustainable
development using non-linear and long-term asymmetric
cointegration data from 1970 to 2018. They discovered that
economic growth had a positive impact on Algeria’s carbon
emissions, fossil fuels had a negative impact on reducing
Algeria’s carbon emissions, FDI had a significant impact on
reducing Algeria’s carbon emissions, and natural resources had
a negative impact on reducing Algeria’s carbon emissions. Liu
et al. (2021) examined the long-term impact of FDI on China’s
environment using the advanced panel method based on slope
uniformity and the cross-section correlation test. GDP and FDI
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appear to positively impact carbon emissions, whereas foreign
trade has an inverse relationship with carbon emissions.
Qamruzzaman (2022) examined the relationship between
renewable energy, FDI, and agricultural productivity using
four expert groups—low-income countries, middle-low-income
countries, middle-high-income countries, and a global model.
Sarfraz et al. (2022) and Mohsin et al. (2022) employed the
generalized method of moments, system moment method, non-
linear causality test, and heterogeneous causality test to analyze
the CO2 impact on the environment.

The second circumstance explores the dynamic relationship
between FDI and energy consumption. Based on China’s
provincial panel data from 1995 to 2008, Su and Wang (2011)
established a panel vector autoregression model and an
econometric panel model to conduct an empirical study on
the dynamic relationship between energy consumption
intensity and the FDI scale. The empirical results show that a
typical inverted U-shaped relationship exists between them. In
other words, energy consumption intensity first increases and
then decreases with an increase in the scale of FDI.Moreover, FDI
has a significantly positive impact on energy consumption
intensity, maintained at approximately 4.3%. The impact of
energy consumption intensity on the scale of FDI is always
stable at the 5.4% level. Sun (2009) dynamically simulated the
impact of FDI on two spillover channels—the technological
progress efficiency and structural efficiency of China’s energy
consumption—by using pulse response functions to test the
causal relationship between FDI and the two channels. The
results show that FDI can improve energy consumption
intensity. However, the Granger causality between FDI and the
structural and efficiency factors cannot be determined in the
long term.

The third circumstance investigates the relationship between
energy consumption and carbon emissions. Gao et al. (2011)
conducted an empirical study using Henan’s carbon emission
data from 1995 to 2009 and the LDM factor decomposition
method based on the carbon emission model provided by the
Energy Research Institute of the National Development and
Reform Commission. The results show that energy efficiency
is the main factor vis-à-vis curbing carbon emissions. The effect
of energy structure on the change in per capita carbon emissions
in Henan is not evident. An absolute reduction in CO2 emissions
can be achieved when the falling rate of carbon emission intensity
is greater than the GDP growth rate. Zhu et al. (2009) improved
the EKC-based traditional econometric method based on Moon-
Sonn, an endogenous economic growth model, and established a
new model to predict carbon emission peaks. The proportion of
carbon-rich (low-carbon) energy in the energy structure has
gradually decreased (increased), thus lowering the rising rate
of carbon emissions than energy consumption. Based on the
simulation of carbon emission trends under different energy
structure changes, the carbon emission peak is closely related
to the energy consumption peak. The substitution of non-carbon
energy and structural adjustment of fossil fuels can reduce carbon
emissions and lower peak emissions.

Nevertheless, it impacts the year when the carbon emission
peak occurs. Xu et al. (2006) found that the inhibition of China’s

per capita carbon emissions ensues mainly from improving
energy efficiency. However, adjusting the energy structure has
a minimal effect. The contribution of energy structure and energy
efficiency to the inhibition of carbon emissions showed an
inverted U shape. Improving energy efficiency is the most
effective method to reduce carbon emissions. Fan et al. (2013)
decomposed the changes in carbon emissions. The result shows
that per capita GDP and population have significant positive
effects on carbon emission from the perspective of carbon
emissions. In contrast, energy intensity has significant
inhibition on carbon emissions.

The research findings on the impact of FDI on pollution levels
have thus been inconclusive. The literature focuses primarily on
the impact of FDI on carbon emissions in a single country, with
few scholars investigating the impact of FDI on CO2 emissions in
multiple nations. Consequently, the panel ARDL model is
proposed to estimate the long- and short-term impact of FDI
on carbon emissions in East Asian countries, and to conduct a
comparative analysis of FDI, CO2 emissions, per capita GDP,
trade openness, and per capita economic growth in East Asian
countries. It provides a reference for East Asian countries to
achieve the goals of energy conservation, e-commerce, and per
capita economic growth.

3 INFLUENCE MECHANISM

FDI may have three mechanisms influencing CO2 emission
intensity: the pollution refuge effect, scale effect, and pollution
halo. On the one hand, FDI will increase the intensity of CO2

emissions through the pollution refuge and scale effects. Inward
FDI (IFDI) can accelerate regional economic growth, generate
economies of scale, and increase energy consumption and CO2

emissions. Furthermore, developing countries or regions may
engage in “bottom-to-bottom competition” and lower the IFDI
entry threshold to attract foreign investment. This causes
developed countries to transfer “high pollution, high energy
consumption, and high emissions,” that is, three-high
enterprises, to developing countries and regard them as
“pollution shelters,” thereby increasing host countries’ CO2

emissions.
On the other hand, the foreign direct investment will produce

a “pollution halo effect,” which will reduce the intensity of CO2

emissions. According to the “pollution halo hypothesis” proposed
by Letchumanan and Kodama (2000), IFDI may result in a green
technology spillover effect. Foreign enterprise settlements may
bring advanced production technology and management modes,
which will serve as models for domestic enterprises. Through
imitation learning, the host country’s enterprises can fully exploit
their “latecomer advantage” to catch up with the level of green
technology and environmental management, optimizing the
industrial structure and production process and reducing
domestic CO2 emissions. When combined with the situation
in East Asian countries, a large proportion of foreign investors’
investment in China is impatient, solely for the pursuit of cheap
production factors, with no motivation for long-term planning
and technological renewal, thereby causing significant damage to
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the nation’s economic ecology. Therefore, the following research
hypotheses are advanced in this study:

H1: FDI has a significantly positive impact on the intensity of
CO2 emissions in East Asian countries.

H2: In East Asian countries, per capita GDP significantly
impacts CO2 emission intensity.

H3: Trade openness has a significantly positive impact on the
intensity of CO2 emissions in East Asian countries.

4 RESEARCH METHOD

4.1 Theoretical Model
The long-term relationships of CO2 emissions with economic
growth, FDI, and international trade are shown as follows:

co2it � α0 + β1PGDPit + β2FDIit + β3OPENit + β4GDPGit + eit

(1)
where CO2 refers to CO2 emission amount per capita, PGDP
refers to per capita GDP, FDI refers to per capita FDI, OPEN
refers to trade openness, GDPG refers to per capita economic
growth and eit refers to the error term.

4.2 Empirical Study
4.2.1 Data Illustration
The panel data of East Asian countries from 2011 to 2020,
obtained from the World Bank, are used in this study. Trade
openness is (value of export +value of import)/PGDP.

4.2.2 Empirical Model
To estimate the long- and short-term impacts of FDI and
international trade on CO2 emissions, a panel ARDL model is
employed in this study. Compared to the traditional cointegration
model, the ARDL model has many advantages. It can be tested
and estimated regardless of the regression terms, I (0) or I (1). It is
also sufficiently robust when the sample size is small, which can
overcome many problems caused by nonstationary time series
data. In addition, the ARDL model can be changed linearly to an
error correction model integrating short- and long-term impacts
and can estimate the short- and long-term relations of variables
simultaneously. Based on the panel ARDL model, the explained
variable y (CO2 emissions per capita) can be defined as:

yit � μi +∑
p

j�1
λijyt−j +∑

q

j�0
δij
′Xit−j + εit (2)

where i = 1, 2, . . . , N represents different provinces; t = 1, 2, . . . , T
represents different years; Xit represents the explanatory variables,
namely, per capita GDP, per capita FDI, trade openness, and per
capita economic growth; and μi refers to the fixed effect.

The above-stated formula can be parameterized as a vector
error correction model as follows:

Δyit � μi + θi(yit−1 − ϕ′
iXit) + ∑

p−1

j�1
λpijΔyit−j +∑

q−1

j�0
δp′ijΔXit−j + εit

(3)

where ϕi refers to the long-term impact factor; λpij and δp′ij refer to
the short-term impact factors; and qi refers to the error correction
term. If qi is significantly negative, a cointegration relationship
exists between yit and Xit, and a reverse regulation mechanism
occurs.

5 EMPIRICAL RESEARCH RESULTS

5.1 Descriptive Statistics
The missing values are filled in the form of exponential
interpolation, and finally, 50 samples are obtained. Except for
the OPEN (rate), their natural logarithms are calculated. The
descriptive statistics for the relevant variables are shown in
Table 1.

5.2 Hausman Test
Columns 1–3 in Table 2 present the mixed regression, random
effects, and fixed-effects models. The mixed regression results are
consistent with the regression results of the random-effects model
because the autocorrelation coefficient of the individual
disturbance term is close to 0.

The mixed regression and random-effects model results
show that the regression coefficient of PGDG is positive and
significant at the 1% level. An increase in PGDP will drive CO2

emissions in the current period. The regression coefficient of

TABLE 1 | Descriptive statistical results of relevant variables.

Variable Obs Mean Std. Dev Min Max

CO2 50 13.039 1.267 10.481 14.531
PGDP 50 9.129 1.21 7.275 10.803
FDI 50 9.473 1.777 4.547 11.914
OPEN 50 0.053 0.026 0.024 0.11
GDPG 50 4.288 4.376 −7.252 17.291

TABLE 2 | Hausman test result.

(1) (2) (3)

CO2 CO2 CO2

PGDP 0.829*** 0.829*** 1.022***
(29.074) (29.074) (10.946)

FDI 0.394*** 0.394*** 0.112***
(17.050) (17.050) (6.202)

OPEN −10.299*** −10.299*** −0.688
(−6.720) (−6.720) (−0.353)

GDPG 0.055*** 0.055*** 0.073***
(4.656) (4.656) (17.079)

_cons 1.099*** 1.099*** 1.266
(2.802) (2.802) (1.390)

N 50.000 50.000 50.000
r2_a 0.976 — 0.985
r2 0.982 — 0.990
Hausman — 419.15(0.000) —

F 152.690 — 244.232

Note: ***, **, and * represent the significance at the 1%, 5%, and 10% levels, respectively.
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FDI is positive and significant at the 1% level. An increase in
FDI will drive CO2 emissions in the current period. The
regression coefficient of OPEN is negative and significant at
the 1% level. An increase in OPEN will reduce CO2 emissions
in the current period. The regression coefficient of GDPG is
positive and significant at the 1% level. An increase in GDPG
will increase CO2 emissions in the current period.

The regression result of the mixed-effects model
demonstrates that the regression coefficient of PGDG is
positive and significant at the 1% level. An increase in
PGDP will drive CO2 emissions in the current period. The
regression coefficient of FDI is positive and significant at the
1% level. An increase in FDI will drive CO2 emissions in the
current period. The regression coefficient of OPEN is negative
but insignificant. An increase in OPEN has no significant
impact on CO2 emissions in the current period. The
regression coefficient of GDPG is positive and significant at
the 1% level. An increase in GDPG will increase CO2 emissions
in the current period.

To determine a more appropriate model, we conduct a
Hausman test. The tested p-value is close to 0 (less than 0.05).
This result indicates that the fixed effects model is more
appropriate.

5.3 Panel ARDL Model
5.3.1 Stationarity Test
The p-value of each variable in the unit root test is less than 0.1,
which indicates that the unit root hypothesis can be rejected at a
significance level of 10%. Therefore, the data are stationary, as
shown in Table 3.

As determined above, the fixed effects model is more
appropriate. Therefore, an individual fixed effect is introduced
into the panel ARDL model. Table 4 presents the result of the
panel ARDL model.

A panel ARDL model with fixed effects is adopted
uniformly to estimate the abovementioned model. Column
1 reveals the first-order lag term with dependent variables and
the first-order lag term with independent variables. Column 2
presents the first-order lag term with added independent
variables, and Column 3 displays the regression results of
the added first- and second-order lag terms. The lagged
term of CO2 on the CO2 emissions in the current year is
insignificant, whereas other variables significantly impact the
CO2 emissions in the current year.

The regression coefficient of PGDP in the current period is
significantly positive, thus indicating that an increase in PGDP
in the current year will promote CO2 emissions. The regression

coefficient of PGDP lagging one order is significantly positive,
which suggests that an increase in PGDP in the last period will
also increase CO2 emissions. However, the regression
coefficient lagging two orders is insignificant, indicating
that an increase in PGDP in the last two periods has no
significant impact on CO2 emissions. In the current period,
the regression coefficient of FDI is significantly positive,
implying that an increase in FDI in the current year will
promote CO2 emissions. The regression coefficient of FDI
lagging in one order is significantly positive and indicates
that increasing FDI in the last period will increase CO2

emissions.
Nonetheless, the regression coefficient lagging the two

orders is insignificant, which establishes that the increase in
FDI in the last two periods has no significant impact on CO2

emissions. The regression coefficient of OPEN in the
current period is significantly positive, which indicates that
an increase in OPEN in the current year will promote CO2

emissions. However, the regression coefficients lagging by one
and two orders are insignificant, thus suggesting that an
increase in OPEN in the last one to two periods has no
significant impact on CO2 emissions. The regression
coefficient of GDPG in the current period is significantly

TABLE 3 | Stationarity test.

Variables Statistics p value Meaning

CO2 −7.4928 0.0000 Stationary
PGDP −3.2736 0.0005 Stationary
FDI −5.5865 0.0000 Stationary
OPEN −10.5362 0.0000 Stationary
GDPG −1.5971 0.0551 Stationary

TABLE 4 | Result of the panel ARDL model.

(1) (2) (3)

CO2 CO2 CO2

L.CO2 0.011 — —

(1.098) — —

PGDP 0.768*** 0.752*** 0.702***
(9.629) (9.558) (6.915)

L.PGDP 0.177** 0.202** 0.261**
(2.243) (2.678) (2.563)

L2.PGDP — — −0.054
— — (−0.708)

FDI 0.078*** 0.080*** 0.085***
(10.980) (11.218) (10.423)

L.FDI 0.021*** 0.025*** 0.026***
(3.011) (3.764) (3.167)

L2.FDI — — −0.016*
— — (−1.989)

OPEN 2.272** 1.925** 0.717
(2.315) (2.066) (0.652)

L.OPEN −0.080 −0.060 0.805
(−0.085) (−0.064) (0.715)

L2.OPEN — — −0.244
— — (−0.262)

GDPG 0.066*** 0.066*** 0.064***
(38.343) (39.242) (32.315)

L.GDPG 0.022*** 0.022*** 0.032***
(7.403) (7.313) (6.577)

L2.GDPG — — −0.003
— — (−0.988)

_cons 2.945*** 2.981*** 3.494***
(8.190) (8.300) (6.463)

N 45.000 45.000 40.000
r2_a 0.994 0.994 0.994
r2 0.996 0.996 0.997
F 813.886 909.616 576.986

Note: ***, **, and * represent the significance at the 1%, 5%, and 10% levels, respectively.
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positive, thereby indicating that an increase in GDPG in the
current year will promote CO2 emissions. The regression
coefficient of GDPG lagging one order is significantly
positive, implying that increasing FDI in the last period will

also increase CO2 emissions. Nevertheless, the regression
coefficient lagging by two orders is insignificant, thus
indicating that an increase in GDPG in the last two periods
has no significant impact on CO2 emissions.

TABLE 5 | Robustness test result (1).

(1) (2) (3)

CO2 CO2 CO2

PGDP 0.842*** 0.842*** 1.060***
(30.035) (30.035) (11.982)

FDI 0.400*** 0.400*** 0.106***
(17.481) (17.481) (6.109)

OPEN −10.145*** −10.145*** 1.536
(−6.871) (−6.871) (0.833)

GDPG 0.059*** 0.059*** 0.081***
(4.927) (4.927) (18.557)

_cons 0.898** 0.898** 0.817
(2.348) (2.348) (0.943)

N 50.000 50.000 50.000
r2_a 0.978 — 0.987
r2 0.984 — 0.991
F 165.748 — 277.096

Note: ***, **, and * represent the significance at the 1%, 5%, and 10% levels, respectively.

TABLE 6 | Robustness test result (2).

(1) (2) (3)

CO2 CO2 CO2

L.CO2 0.004 — —

(0.360) — —

PGDP 0.780*** 0.774*** 0.732***
(8.859) (9.070) (6.252)

L.PGDP 0.189** 0.199** 0.219*
(2.172) (2.427) (1.849)

L2.PGDP — — −0.010
— — (−0.105)

FDI 0.085*** 0.085*** 0.082***
(10.052) (10.413) (8.420)

L.FDI 0.022*** 0.023*** 0.029***
(2.811) (3.158) (2.973)

L2.FDI — — −0.012
— — (−1.282)

OPEN 2.769** 2.661*** 2.075*
(2.710) (2.763) (1.714)

L.OPEN −0.263 −0.259 −0.765
(−0.263) (−0.262) (−0.603)

L2.OPEN — — 0.871
— — (0.843)

GDPG 0.068*** 0.068*** 0.066***
(36.159) (37.175) (27.815)

L.GDPG 0.023*** 0.023*** 0.031***
(6.950) (7.044) (5.409)

L2.GDPG — — −0.006
— — (−1.472)

_cons 2.720*** 2.729*** 3.111***
(7.025) (7.163) (4.745)

N 45.000 45.000 40.000
r2_a 0.993 0.993 0.992
r2 0.995 0.995 0.995
F 695.468 804.267 419.962

Note: ***, **, and * represent the significance at the 1%, 5%, and 10% levels, respectively.

TABLE 7 | Heteroscedasticity test result (1).

(1) (2) (3)

CO2 CO2 CO2

PGDP 0.842*** 0.842*** 1.060***
(34.311) (21.780) (8.205)

FDI 0.400*** 0.400*** 0.106***
(16.119) (19.285) (18.183)

OPEN −10.145*** −10.145*** 1.536
(−9.144) (−11.105) (0.951)

GDPG 0.059*** 0.059*** 0.081***
(3.896) (2.831) (38.804)

_cons 0.898*** 0.898* 0.817
(2.935) (1.648) (0.665)

N 50.000 50.000 50.000
r2_a 0.978 — 0.988
r2 0.984 — 0.991

Note: * *, * *, and * represent the significance at the 1%, 5%, and 10% levels, respectively.

TABLE 8 | Heteroscedasticity test result (2).

(1) (2) (3)

CO2 CO2 CO2

L.CO2 0.004 — —

(0.451) — —

PGDP 0.780*** 0.774*** 0.732**
(7.775) (8.367) (3.778)

L.PGDP 0.189 0.199* 0.219
(2.005) (2.413) (1.502)

L2.PGDP — — −0.010
— — (−0.083)

FDI 0.085*** 0.085*** 0.082***
(9.796) (11.714) (9.349)

L.FDI 0.022*** 0.023*** 0.029**
(7.445) (15.203) (3.244)

L2.FDI — — −0.012
— — (−1.420)

OPEN 2.769** 2.661** 2.075
(3.661) (3.076) (2.001)

L.OPEN −0.263 −0.259 −0.765
(−0.338) (−0.368) (−1.051)

L2.OPEN — — 0.871
— — (0.711)

GDPG 0.068*** 0.068*** 0.066***
(25.888) (25.369) (20.503)

L.GDPG 0.023*** 0.023*** 0.031***
(7.306) (8.025) (7.633)

L2.GDPG — — −0.006
— — (−1.745)

_cons 2.720** 2.729** 3.111**
(4.191) (4.369) (3.198)

N 45.000 45.000 40.000
r2_a 0.994 0.994 0.993
r2 0.995 0.995 0.995

Note: * *, * *, and * represent the significance at the 1%, 5%, and 10% levels, respectively.
The regression result is still unchanged, indicating that this conclusion is robust.
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5.3.2 Robustness Test
Considering potential outliers, the abovementioned model is re-
estimated after winsorization (Table 5 and Table 6).

5.3.3 Heteroscedasticity Test
This study estimates using a heteroscedasticity-robust standard
error to eliminate the influence of heteroscedasticity. The results
are presented in Table 7 and Table 8.

5.3.4 Panel Vector Autoregressive Model
The study performs an estimation via a panel vector
autoregressive model and a pulse response function to observe
the long-term influence of the above variables on CO2 alone,
Figure 1, Figure 2, Figure 3 and Figure 4 present the pulse
responses of PGDP, FDI, OPEN, and GDPG to CO2, respectively.
The ordinate in the solid line refers to the influence of a certain
period on CO2, and the shaded region is the 95% confidence
interval. The impact of each variable on CO2 emissions is limited
to a period of 0–1. In particular, for OPEN and GDPG, the
variances in their estimation coefficients will become abnormally
large after four periods. Therefore, PGDP, FDI, OPEN, and
GDPG have no long-term impacts on CO2.

6 DISCUSSION

East Asian countries should encourage foreign-invested
enterprises to employ and disseminate cleaner production
technologies and environmentally friendly management
methods, pay attention to the adjustment of trade structures,
lower the share of exports of industries with high carbon emission
intensity, promote the upgrade of export industries, and reduce
the participation of working procedures with high pollution
emission intensity. The pollution emission intensity of
production is reduced by improving the technical level to
offset the negative impact on the environment caused by the
scale effect from both the structural and technical aspects. We
further enhance the level of environmental regulation, strengthen
the strictness of environmental policies, improve environmental
standards, encourage enterprises to improve their technical levels,
reduce environmental pollution caused by production, and

FIGURE 1 | The pulse response of PGDP to CO2.

FIGURE 2 | The pulse response of FDI to CO2.

FIGURE 3 | The pulse response of OPEN to CO2.

FIGURE 4 | The pulse response of GDPG to CO2.
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minimize the impact of economic growth on environmental
pollution as much as possible while developing trade and
continuing to expand its opening to the outside world. The
specific policy suggestions are as follows:

First, there should be a focus on guiding foreign-invested
enterprises to use advanced technologies in high-energy-
consuming industries by introducing foreign capital to lower
the pollutant discharge of high-energy-consuming enterprises.
The foreign capital in relatively clean industries should also be
monitored, and the industrial layout of foreign capital should be
optimized. Active play should be given to the demonstration,
competition, and technology spillover effects of foreign capital,
and enterprises should be helped to improve production
technology and reduce carbon emissions.

Secondly, steps must be taken to reduce the share of exports of
high-polluting industries and lower the share of exports of coal
mining and processing, oil and natural gas mining, food, beverage
and tobacco processing, papermaking and printing, petroleum
processing and coking, chemical industry, nonmetallic mineral
product industry, metal smelting and rolling processing industry,
production and supply of electricity, steam and water, and other
high-pollutant-discharge industries.

Third, the third industry should be developed, and exports
from the service industry should be promoted. Compared to
manufacturing and other industries, the service industry has a
lower carbon emission intensity. Therefore, vigorously
developing service trade is conducive to reducing pollution
emission levels.

Fourth, R&D investment should be enhanced, and industrial
energy consumption and pollutant discharge should be lowered.
The government should encourage enterprises to research and
develop, improve their independent innovation ability, and lower
their energy consumption and pollutant discharge by advancing
their technological level.

Fifth, the countries should enhance environmental governance
and improve environmental standards. The authorities should
strictly investigate and deal with various environmental
violations, improve environmental standards, eliminate
enterprises with backward production capacity and
substandard pollution emissions, and guide businesses to
increase investment in environmental governance through
policy adjustments (Global Carbon Budget, 2015; Olivier et al.,
2016; Global Carbon Budget, 2017; Unctad, 2017).

7 CONCLUSION

The long- and short-term impacts of FDI, trade openness and
economic growth (per capita GDP) on the CO2 emissions of East
Asian countries are examined using an ARDL model. The results
show that in the short term, an increase in per capita GDP in the
current and previous periods will increase CO2 emissions; an
increase in FDI in the present and prior periods will increase CO2

emissions; an increase in trade openness in the current period will
increase CO2 emissions. In the long term, per capita GDP, FDI,
and trade openness have no significant impact on CO2 emissions.
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