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Abstract: Based on the autoregressive distribution lag (ARDL) model, this paper conducts an empiri-
cal study on the relationship between carbon emissions, economic growth, urbanization, and foreign
trade in China from 1971 to 2020. The results show that when carbon emissions, economic growth, and
urbanization are used as explained variables, there is a long-term cointegration relationship with other
variables. In the long-term relationship, urbanization has a significant positive effect on economic
growth and carbon emissions, with coefficients of 2.2172 and 0.2921, respectively. The long-term
elasticity coefficient of economic growth to urbanization is 0.4864, passing the 1% significance test. In
the short-term relationship, economic growth and carbon emissions, urbanization and carbon emis-
sions, and economic growth and urbanization are all mutually reinforcing relationships, and foreign
trade will suppress carbon emissions in the short term. Therefore, policymakers should transform
the urbanization model and develop a green economy to achieve environmental sustainability.
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1. Introduction

Environmental quality has become one of the obstacles to the sustainable development
of countries in the world. There is no doubt that rapid economic growth and urbanization
have exacerbated environmental pollution [1]. The signing of the Paris Agreement in 2015
has become a symbol of controlling global environmental deterioration, and the agreement
has proposed long-term and short-term goals for temperature changes [2]. With the rapid
development of economic growth and urbanization, economic and social activities have
continuously increased, resulting in a large amount of energy consumption and carbon
emissions. Therefore, how to control carbon emissions in the process of economic growth
has become an urgent problem for governments of all countries, especially developing
countries [3].

The relationship between variables such as carbon emissions, economic growth, ur-
banization, and foreign trade has attracted the attention of many researchers because of
its global significance. Researchers work to investigate whether carbon emissions are the
result of economic growth, urbanization, foreign trade, or just a stand-alone environmental
issue [4]. Economies around the world rely on fossil energy consumption for high economic
growth to handle the demands of growing populations [5]. Hence, economic growth is one
of the main factors leading to carbon emissions [6]. Grossman and Krueger pointed out that
the initial stage of economic growth will bring about environmental pollution, and when
economic growth reaches a certain level, environmental pollution will gradually decrease,
which is the Environmental Kuznets Curve (EKC) hypothesis [7,8]. However, the current
economic development of most countries or regions requires more nonrenewable energy,
which pollutes the environment [9], especially for developing countries. Economic growth
requires more output, and energy consumption must meet the greatest amount of economic
activity and human needs, leading to more pollution and waste, while putting pressure on
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the environment and natural resources. According to the World Bank report, from 1990
to 2021, the total world GDP rose from 22.78 trillion to 96.1 trillion. From 1990 to 2019,
carbon dioxide emissions increased from 20,625,273 kg to 34,344,006 kg. Yin et al. [10] said
economic growth caused some environmental problems and found a positive relationship
between economic growth and carbon emissions. In addition, some studies have investi-
gated the relationship between economic growth and carbon emissions in different regions,
such as Iran [11], China [12], and BRICS economies [13]. These confirm that economic
growth is a key factor affecting carbon emissions.

After the Industrial Revolution, urbanization has made great strides around the world.
In the process of urbanization, urban areas and populations have increased, and the con-
struction of infrastructure and housing has generated significant energy consumption. In
addition, rising material conditions have raised the standard of living, leading to greater
living energy consumption [14,15]. However, energy consumption was considered a
major contributor in increased carbon emissions, particularly for non-fossil-fuel use. In
addition, Urbanization releases economic demand and boosts economic growth. In turn,
energy consumption, an integral factor in the economic growth process, provides pro-
duction or transport activities for economic growth, which will further increase carbon
emissions [16,17]. The economic level, geographical location, climatic conditions, topog-
raphy, and altitude of the study area cause significant differences in the rate, quality, and
carbon emissions of urbanization [18]. Therefore, many researchers have investigated the
relationship between urbanization and carbon emissions in various regions of the world,
such as China [19], Indonesia [20], the United States [21], and Singapore [22]. The findings
indicated that there was no standardized relationship between urbanization and carbon
emissions and that the relationship was either positive, negative, inverted U-shaped, or
absent. Thus, the multiple relationships between urbanization and carbon emissions are
complex and need further exploration.

Many studies showed that foreign trade boosted economic development and reduced
poverty [23]. Foreign trade drives economic growth through the diffusion of knowledge and
technological progress, boosting competition in domestic and international markets, and
thus, optimizing production processes [24]. In addition, the relationship between carbon
emissions and foreign trade is called the environmental pollution paradise hypothesis.
Specifically, developed countries have transferred technologies that lead to rising carbon
emissions to developing countries in the form of foreign trade and investment [25]. Some
studies have confirmed a positive relationship between foreign trade and carbon emissions.
Further, with the growth of imports and exports, carbon emissions show an increasing
trend [26,27].

Thus, a strong relationship exists between carbon emissions, economic growth, urban-
ization, and foreign trade. Empirical research on the relationship between macroeconomic
variables and the environment is essential in resolving the debate on sustainable devel-
opment and environmental degradation. Nevertheless, the characteristics and economic
levels are different in each country or region; so, the conclusions are not universal.

In recent decades, China’s economic scale has been expanding, and its degree of open-
ness has been increasing. At the same time, China has experienced the largest urbanization
in human history. Due to the increase in economic and social activities, China’s carbon
emissions are increasing rapidly, gradually becoming the most carbon-emitting country
in the world and causing damage to the ecological environment [28], and the share of
carbon emissions accounts for 28.8% of the world. The Chinese government is under
enormous pressure from the international community on the issue of carbon emissions. As
an important vehicle for global economic development, China needs to alleviate the dual
pressures of the international community and the structural transformation of its domestic
economy. The Chinese government is under enormous pressure from the international
community on the issue of carbon emissions. As an important vehicle for global economic
development, China needs to alleviate the dual pressures of the international community
and the structural transformation of its domestic economy. Therefore, how to realize the
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coordinated development of carbon emission, economic growth, urbanization, and foreign
trade has become an urgent problem for China.

To achieve sustainable development goals, the Chinese government has formulated
a series of carbon emission reduction policies and measures. The Chinese government
announced at the 2020 Climate Ambition Summit that it is striving to peak CO, emissions
by 2030 and is working towards achieving carbon neutrality by 2060. By 2030, China’s CO,
emissions per unit of GDP will drop by more than 65% compared with 2005, and the share
of nonfossil energy in primary energy consumption will reach around 25% [29]. Therefore,
there is a focus on the causes of carbon emissions. Exploring the long-term and short-term
dynamic relationship between carbon emissions, economic growth, urbanization, and
foreign trade is greatly significant for achieving sustainable development.

Scholars have contributed extensively to studies on the long-term and short-term
relationships between carbon emissions, economic growth, urbanization, and foreign trade.
Their research has a powerful reference value and provides a solid basis for further research,
but the following issues still need to be addressed: (1) Existing studies mainly focus on
the relationship between two variables or three variables. Few studies take China as the
research object and study carbon emissions, economic growth, urbanization, and foreign
trade under the same framework. (2) Whether there is a long-term relationship between
China’s carbon emissions, economic growth, urbanization, and foreign trade. Whether
economic growth, urbanization, and foreign trade will inhibit carbon emissions; whether
carbon emissions, urbanization, and foreign trade will promote economic growth; and how
carbon emissions, economic growth, and foreign trade will affect urbanization are issues
worth pondering and exploring. Further, it is of great significance for China to achieve
sustainable development and to provide a reference for other countries or regions. Due
to this, this paper selects China’s panel data from 1971 to 2020; uses the ARDL model to
conduct empirical research on the relationship between carbon emissions, economic growth,
urbanization, and foreign trade; and explores the long-term and short-term dynamic
relationship between the four.

The rest of the study is prepared as follows. The “Literature review” section describes
the literature review, and the “Data and methodology” section reports the model and meth-
ods. The “Empirical and discussion” section gives the empirical results. The “Conclusion
and policy implications” section shows the conclusions and policy.

2. Literature Review

The industrial economy has replaced the traditional agricultural economy, increasing
productivity and accelerating economic growth. At the same time, there has been an
increased demand for labor in the rapidly growing urban centers, which led to rural-urban
migration and accelerated urbanization. In addition, most countries attracted external
investment to expand their foreign trade in pursuit of higher economic growth. After
tasting the sweet fruits of economic growth, people blindly pursued economic growth
and neglected the problem of environmental pollution. Therefore, we cannot help but
wonder whether economic growth, urbanization, and foreign trade will further aggravate
environmental pollution. Conversely, what about the impact of environmental pollution
on economic growth, urbanization, and foreign trade.

The first empirical study to investigate the link between economic growth and envi-
ronmental degradation (particularly CO, emissions) was the paper by Kraft and Kraft [30],
which used data from 1947 to 1974 for the United States and found evidence of Granger
causality from output to energy consumption. Later, some scholars selected panel data
from different countries or regions to study the relationship between variables related to
environmental pollution, the most representative of which is EKC. Ganda et al. [31] and
Pata [32] took South Africa and Turkey as research objects and verified the EKC relationship
between energy consumption, economic growth, and carbon emissions. Yao et al. [33] used
the modified ordinary least squares method and dynamic ordinary least squares method to
study the relationship between energy structure, carbon emission, and economic growth in
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17 developing countries, and the results showed an EKC relationship between economic
growth and renewable energy. However, Dogan and Turkekul [21] used the per-capita
GDP, carbon emissions, trade openness, urbanization, and financial openness of the United
States as variables to find the EKC relationship between the variables but did not find
evidence of the existence of an EKC curve between the variables. Kaika and Zervas [34]
proposed that most studies attempt to examine the EKC curve between environmental
degradation and related factors (such as income, international trade, energy efficiency,
and economic growth). Most studies show that economic growth does not reduce carbon
emissions over time and pointed out that carbon emissions are related to economic growth
through energy consumption.

Some scholars use econometric models to explore the long-term and short-term dy-
namic relationship between variables such as carbon emissions, economic growth, urban-
ization, and foreign trade, to provide a reference for the sustainable development of a
region or country. Lee and Yoo [35], Dimitriadis et al. [36], and Wang and Li [37] selected
panel data from Mexico, 68 developing countries, and 29 provinces in China to discuss
the long-term and short-term relationship between carbon emissions, economic growth,
energy consumption, and urbanization. Zhang et al. [38] and Yang [39] studied the EKC
relationship among carbon emissions, urbanization, economic growth, and trade openness
by using a fixed (random) effect model and autovector regression model with countries
along the “Belt and Road” and China, respectively. They uncovered strong evidence for the
existence of an EKC curve between economic growth, urbanization, and carbon emissions.
Most of the above studies use cointegration and error correction models to explore long-
term and short-term relationships between variables. However, the cointegration and error
correction models have high requirements on the number of samples. Smaller sample size
may reduce the accuracy of the model and, to some extent, limit the scope of its application.

In recent years, the ARDL model has gradually emerged. This model has low require-
ments on the number of samples, is suitable for small sample research, and has high model
stability. It is widely used in research in various fields. Qayyum et al. [40] used the ARDL
model to analyze the relationship between air PM2.5 content and the number of respira-
tory tract patients. Attiaoui and Boufateh [41] used ARDL to study the impact of climate
change on crops. Malik et al. [42] used this model to explore the relationship between
oil price, foreign investment, and economic growth. The ARDL model has an extensive
range of applications. It can not only analyze the long-term and short-term relationship
between variables but also predict the changing trend of variables. For example, Adom
and Bekoe [43] predicted the overall electricity consumption in Ghana. Shen et al. [44]
combined the Granger causality test to predict the electricity consumption of China’s
energy-intensive industries.

As the ARDL model has achieved important results in other related fields, many schol-
ars have introduced it into the study of environmental economics to study the long-term
and short-term relationships between related variables. Bosah et al. [45] analyzed the panel
data on energy consumption, economic growth, urbanization, and carbon emissions in
15 countries. The results show that urbanization has no significant impact on environmental
quality, and energy consumption will cause damage to the environment in the long and
short term. Ali et al. [22] and Pata [32], respectively, analyzed the relationship between
urbanization and carbon emissions in Singapore and Turkey, but the two obtained different
research results; urbanization in Singapore inhibits carbon emissions, while urbanization in
Turkey promotes carbon emissions. Ahmed et al. [28] analyzed the impact of globalization,
economic growth, and financial development on carbon footprint with Japanese research
subjects. The results showed that energy consumption and financial development would
significantly increase carbon footprint, while the relationship between economy and carbon
footprint showed an inverted U shape, confirming that EKC assumes validity in Japan.
Wen and Dai [46] conducted an empirical study on China’s trade openness, environmental
regulation, and human capital. The development of environmental regulation and trade
openness has a significant positive effect on human capital.



Sustainability 2022, 14, 9396

50f15

Reviewing the above literature, we find that the ARDL model has been used exten-
sively in environmental economics. It is mainly concerned with the study of long-term
and short-term relationships between variables such as urbanization, industrialization,
economic growth, carbon emissions, energy consumption, financial development, and
trade openness. It is worth noting that even when the relationship between the same
variables is studied, the findings may be inconsistent. Some of the findings are not general-
izable because of differences in the study sample due to different study regions, periods,
and indicators. In addition, variable data series over time may also be another source of
inconsistent findings. Therefore, regular studies of the relationships between the various
variables are needed to explore the actual impacts between the variables.

This study takes China as an example, selects time series data from 1971 to 2020, and
applies the ARDL estimation method to explore the interaction between carbon emissions,
economic growth, urbanization, and foreign trade. We take carbon emissions, economic
growth, urbanization, and foreign trade as explained variables to explore the long-term
and short-term relationships with other remaining variables. In addition, the study will
provide helpful policy insights for other developing countries in the same situation.

3. Data and Methodology
3.1. Variables and Data

We deeply study the long-term and short-term dynamics of China’s carbon emis-
sions, economic growth, urbanization, and foreign trade, using the following indicators as
variables (shown in Table 1).

Table 1. Variable description.

Variable Variable Description Unit Source
Carbon emissions ~ Per capita carbon emissions (CE) Tce World bank
Economic growth Per capita GDP (GDP) Yuan World bank

Urbanization Urbanization rate (UB) Y% World bank
. Trade as a percentage of gross o
Foreign trade national product (TO) Yo World bank

We used time series data from 1960 to 2020 in China. However, the actual estimates
are based on data from 1971-2020, as foreign trade data are only available before 1971. All
variables are converted into natural logarithm form for consistent and robust estimates;
specifically, they are represented by LnCE;, LnGDP;, LnUB;, LnTOy.

3.2. Econometric Models and Methodology

The ARDL model was proposed by Charemza et al. [47], and the works of
Pesaran et al. [48] and Pesaran et al. [49] promote ARDL as one of the most applied method-
ologies due to its various advantages over other cointegration methods, such as those of
Engle-Granger, Johansen, and Johansen and Juselius. Some of the advantages include the
following: (1) The number of samples is not high, and it is suitable for small samples;
(2) it is very flexible and allows analysis with I(0) and/or I(1) data; (3) unlike the con-
ventional method, different lag-lengths can be used in the model for different variables;
(4) autocorrelation and endogeneity issues are fully addressed [4,22].

Step 1: Based on the ARDL model, we construct an unconstrained error correction
model that includes long-term and short-term relationships between variables. The ex-
plained variables of Formulas (1)-(4) are carbon emissions, economic growth, urbanization,
and foreign.

ALnCE = Bo + P1LnCE;_1 + PoLnGDP,_q + BsLnlB;_1 + BaLnTO,_1+

P P p 4 1
L BUALNCE i + ¥ puALnGDP,_; + ¥ fyALnUB,_; + ¥ pybLTO, i+ py @
1= 1= 1= 1=
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ALnGDP = g+ 71 LnGDP;_1 + v LnCE;_1 + v3LnUB;_1 + y4LnTO; 1+

p P p P 9
YBLNGDP,_;+ ¥ yuALnCE,_; + ¥ 7uALnUB,_; + ¥ yyALnTO,;+ iy
=0 i=0 =0 i=0

1

1

ALnUB = Ag 4+ A LnUB;_1 + AyLnCE;_1 + A3LnGDP;_q + AyLnTO;_1+

P P |4 P
AALnUB; i+ Y ApiALnCE;_; 4+ Y A3 ALnGDP;_; + Y AyALnTO;_; + uz; ©)
i=0 i=0 i=0 i=0
ALnTO = pg + p1LnTO;_1 + p2LnCE;_1 + p3LnGDP;_1 + p4LnUB;_1+
P P p 4 4
L puALNTO,; + ¥ pyALnCE,_; + ¥ oyALnGDP-; + ¥ pyLnlIB—; + ps @)
1= 1= 1= 1=

In the formula, p1y, pot, Y3t Har is white noise; A is the first-order difference; p is the lag
order, which is usually calculated by AIC or SBC criterion; B;, v;, Ai, pi(i = 0,1,2,3,4) is the
long-term coefficient between variables; and ﬁji, Yiis /\]-i, pji( j=0,1,2,3,4) is the short-term
coefficient between variables.

Step 2: Check whether there is a long-term relationship between variables, taking
Formula (1) as an example. According to the ordinary least squares (OLS) estimation
Formula (1), the joint significance of the coefficients of the lagged variables was tested
according to the Wald test of the F test, to observe the cointegration relationship of the vari-
ables. Then, we test the null hypothesis of no cointegration (Hy = 1 = B2 = 3 = 4 = 0)
against the alternate hypothesis of cointegration (Hy # B1 # B2 # B3 # Ba # 0). The
decision rule established by Pesaran et al. is that the two sets of critical values of the
zero-order single integral and the first-order integral constitute the confidence interval of
the cointegration test [50]. If the value of the F statistic is greater than the upper limit of
the confidence interval, the model rejects the original hypothesis, and there is a long-term
cointegration relationship between the variables. If the magnitude of the F statistic is less
than the lower bound of the confidence interval, the original hypothesis cannot be rejected,
indicating that there is no long-term cointegration relationship between the variables. If the
F statistic is within the confidence interval, the long-term cointegration relationship cannot
be determined.

Step 3: After the cointegration test, if there is a long-term cointegration relationship,
we can continue this step to estimate the long-term coefficients of the model, as shown in
Equations (5)—(8).

j k m n
LnCE; =6+ Y 04;LnCE;_; + Y 05;LnGDP,_; + }_ 03, LnUB;_; + }_ 04, LnTO;_; + &t (5)
i=1 i=1 i=1 i=1
j k m n
LnGDP; = 6y + Y_ 61,LnGDP;_; + Y 6;LnCE;_; + Y _ 63;LnUB,_; + Y 04;LnTO;_; + & (6)
i=1 i=1 i=1 i=1
j k m n
LnUB; = 60+ Y 04, LnUB;_; + Y 05, LnCE;_; + Y 05,LnGDP,_; + Y _ 04 LnTO;_; + & (7)
i=1 i=1 i=1 i=1
j k m n
LnTO; =6+ Y 61, LnTO;_; + Y_ 0y LnCE;_; + Y_ 03 LnGDP,_; + Y 64, LnUB,_; + & (8)
i=1 i=1 i=1 i=1

]’71 k—1 m—1 n—1

ALT[CE,} = (po + Z (pll-ALnCEt_,- 4+ 2 qozl-ALnGDPt_i + Z (p31‘L1’1AUBt_1‘ + Z (p41‘ALTlTOt_i
i=1 i=1 i=1 i=1

+ ¢ECT;_; + vy

In Equations (5)—(8) the lag order can be judged by the AIC criterion or the SBC
criterion. Furthermore, we introduce an error correction model to determine the dynamics
of variables in the short term, as shown in Equations (9)—-(12).

©)
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j—1 k—1 m—1 n—1
ALnGDP; = ¢o + ). ¢1;ALnGDP;_; 4+ Y, @o;ALnCE;_; + Y @3 ALnUB;_; + Y @4ALnTO;_;
i=1 =1

i=1 i i=1 (10)
+ ¢ECT;_; + v;
j—1 k—1 m—1 n—1
ALnUBy = o+ Y ¢ ALnUB;_;+ Y. ¢ ALnCE;_;+ Y @3 ALnGDPi_; + Y. @4,ALnTO;_; (11)
i=1 i=1 i=1 i=1
+ (PECthj + Ut
j_l k—1 m—1 n—1
ALnTO: = ¢o+ Y ¢1;ALnTO;_; + Zl @ ALnCE;_; 4+ Y. @3 ALnGDP,_;+ Y @4ALnUB;_; (12)
i=1 i= i=1 i=1
+ QbECTt,i + Ut

Step 4: The stability of the long-term coefficients and short-term dynamics of the
model is tested according to the recursive cumulative sum of residuals (CUSUM) and
recursive cumulative sum of squares of residuals (CUSUMSQ) highlighted by Pesaran et al.

4. Empirical Findings and Discussion
4.1. Descriptive Statistics

Before analyzing the time series, it is necessary to describe the data statistics. In general,
the changes in time series data are random. It can be seen from Figure 1 that, except for the
fluctuation of foreign trade, economic growth, carbon emissions, and urbanization have all
continued to rise over time, but the upward trend has not shown any regularity. Therefore,
the comprehensive panel data were analyzed by Eviews10.0 software, as shown in Table 2.

CE GDP

1971 1978 1985 1992 1999 2006 2013 2020 1971 1978 1985 1992 1999 2006 2013 2020
UB TO

1971 1978 1985 1992 1999 2006 2013 2020 1971 1978 1985 1992 1999 2006 2013 2020

Figure 1. The trend of the variable.

Table 2. Description of basic statistics of each variable.

CE GDP UB TO
Mean 3.461273 18,304.33 34.34192 31.77761
Median 2.515556 9881.354 31.43850 34.04442
Maximum 7.706892 64,581.41 61.42800 64.47888
Minimum 1.042240 1839.477 17.18400 4.920835
Std. Dev. 2.278787 19,179.96 14.25788 16.47657
Skewness 0.758717 1.116887 0.422220 0.132043
Kurtosis 1.963574 2.929938 1.846936 2.155613
Jarque-Bera 7.034976 10.40553 4.255488 1.630688
Probability 0.029674 0.005501 0.119106 0.442487

Observations 50 50 50 50
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From Table 2, except for GDP, the mean and median of all variables are not significantly
different. The difference between the maximum and minimum values of each variable
indicates that the time series data for the variables fluctuate dramatically. In addition, the
variables have large JB values and small p values. The TO kurtosis is less than 3, and the
absolute value of skewness is close to 0, indicating that the data are a flat distribution. On
the contrary, the GDP kurtosis is about 3, and the absolute value of skewness is greater
than 0, indicating that the data is characterized by a spiky, thick-tailed distribution.

4.2. Unit Root Test

Before estimating the ARDL model, a unit root test is performed on the time series to
evaluate the integration order of the variables. Table 3 reports the result of the augmented
Dickey—Fuller (ADF) and Phillips—Perron (PP) unit root tests.

Table 3. ADF and PP unit root test results from 1971 to 2020.

ADF PP
Variables
Level 1st Diff. Level 1st Diff.
LnCE; —0.399271 —4.606298 *** —0.304708 —4.630803 ***
LnGDP; —0.236595 —2.866840 ** 0.749245 —4.011793 ***
LnUB; —2.689758 * —4.320906 *** 0.612760 —3.286560 **
LnTOy 0.566396 —4.492893 *** 1.296527 —4.409086 ***

N.B.: ¥, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.

From Table 3, the specific stationery of each variable can be observed. The results
of the ADF test and the PP test are roughly the same. The LnCE;, LnGDP;, LnUB;, and
LnTO; variable level series are not stationary in the ADF test. However, after the first-order
difference of each variable, except for LnGDP;, which is stable at the 5% significance level, the
rest of the variables are stable at the 1% significance level. In the PP test, the level sequence
of each variable is not stationary, but after the first-order difference of each variable—except
for LnlUB;, which is stable at the 5% significance level—the rest of the variables are stable at
the 1% significance level, which meets the cointegration test conditions.

4.3. Cointegration Test

According to the AIC and SBC criteria, the final lag orders of Equations (1)—(4) are
determined to be 3, 1, 3, and 2, respectively. Then, the coefficients of the equations are
estimated by the OLS method, and the F statistics of Equations (1)—(4) are calculated by the
Wald test. The specific results are shown in Table 4.

Table 4. Cointegration test result.

Equation Lag Length F-Statistics

LnCE; = f(LnGDP;, LnUBy, LnTO¢ 3 6.342 ***

)

LnGDP; = f(LnCE¢, LnUBy, LnTOy) 1 7.222 ***
LnUBy = f(LnCEy, LnGDPy, LnTOy) 3 5.590 ***
LnTO; = f(LnCE;, LnGDP;, LnlBy) 2 1.300

Critical value
1% 5% 10%
1(0) (1) 1(0) (1) 1(0) I(1)
3.845 5.150 2.823 3.872 2.372 3.320

N.B.: Drawing on Narayan’s research [51], critical value from article, taken from a sample of 50 and a variable of 4.
*** denotes statistical significance at the 1% level.

From Table 4, when the explained variables are LnCE;, LnGDP;, LnlUB;, the F statistics
are 6.342,7.222, and 5.590, respectively, and the upper bound of the confidence interval at the
1% significance level is 5.150, indicating that there is a long-term cointegration relationship
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between the variables. When the explained variable is LnTO;, the F-statistic value is 1.300, and
the lower bound of the 10% significant level confidence interval is 2.372, indicating that LnCE;,
LnGDP;, and LnlU By have no significant long-term relationship with LnTO;. Therefore, this
study analyzes the three cointegration relationships that exist when the explained variable is
LnCE;, LnGDP;, LnUB;, and does not study when the explained variable is LnTOy.

4.4. Long- and Short-Term Coefficient Estimation

Estimating long-term and short-term coefficients using ARDL model, requires deter-
mining the lag order of the variables. Given the sample size, we selected the AIC criterion
for determining the optimal lag order of variables. The long-term and short-term coef-
ficients of the model were estimated using Eviews10.0 software, with the maximum lag
order set to 4. The results of the optimal lag order of each equation are as follows: The
optimal model of Equation (5) (the explained variable is LnCEy) is (3, 1, 1, 4); the optimal
model of Equation (6) (explained variable is LnGDPF;) is (3, 3, 2, 0); the optimal model of
Equation (7) (explained variable is LnlUBy) is (4, 0, 4, 4).

Table 5 shows that when the explained variable was carbon emissions, economic
growth had a significantly negative long-term effect on carbon emissions, indicating that
with economic growth carbon emissions were effectively controlled, consistent with the
policy of the Chinese government. China has actively promoted the transformation of eco-
nomic dynamics and green development, increased the proportion of the tertiary industry,
and optimized the industrial structure. In addition, the Chinese government has expanded
capital investment in the environmental field, reduced investment in industries with high
energy consumption and low output, established a green economic system, and increased
the proportion of clean energy use. In the short term, economic growth caused more carbon
emissions, which is consistent with the EKC conjecture. When carbon emissions reach a
certain level, economic growth will inhibit carbon emissions, which verifies the research
results of Liu [52] and Sun et al. [53]. Urbanization has a significantly positive effect on car-
bon emissions in the long term, indicating that carbon emissions will continue to increase
with the advancement of urbanization. In the process of urbanization, large-scale urban
infrastructure and urban housing construction have produced a large amount of energy
consumption and carbon emissions. In addition, in the process of urban operation, the
rapid development of high-carbon sectors such as transportation and construction, and
the increase in living energy consumption caused by population transfer, also lead to a
large amount of carbon emissions. In the short term, urbanization has reduced carbon
emissions, suggesting that the associated urban development plans had some effect in the
short term. Foreign trade has a positive effect on carbon emissions, but the significance is
poor, indicating that foreign trade increased carbon emissions, which was consistent with
the views of Yi et al. [54] and Li and Qi [55]. According to Halicioglu et al. [56], the sign
of the foreign trade coefficient is ambiguous and depends on the development stage of an
economy. In addition, foreign trade in developed countries usually harms carbon emissions,
because developed countries transfer carbon emissions through industrial outsourcing
and other firms to improve environmental quality [22]. As the world’s second-largest
economy and a major manufacturing country, China has naturally become an important
country for the transfer of carbon emissions from Europe and the United States, and other
countries. However, China has been gradually changing the status quo of carbon transfer
by improving the carbon trading market system and other means and has achieved great
results. From a short-term perspective, the first and third lag periods of foreign trade have
a negative impact on carbon emissions, indicating that foreign trade has transferred some
high-carbon industries and played a role in reducing carbon emissions. A lag of one period
in carbon emissions has a significant positive effect on current period carbon emissions,
indicating that carbon emissions have serious path dependence and are difficult to reduce in
the short term. The coefficient on the error correction term was —0.1628 and passed the 1%
significant level test, consistent with the error correction model characteristics, indicating
that the system pulls back at a rate of 16% when subjected to a short-term external shock.
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Table 5. Results of long- and short-term coefficients of ARDL-ECM.

Variables Coefficient Standard Error T-Ratio [p Values]
Long-term coefficient estimates
LnGDP —1.2838 1.3673 —0.9390 [0.0546]
LnUB 0.2921 0.1558 1.8742 [0.0698]
LnTO 3.5357 3.2155 1.0996 [0.2795]
C 2.6647 0.8188 3.2544 [0.0026]
Short-term ECM model estimation
D(LnCE(—1)) 0.3082 0.0886 3.4796 [0.0014]
D(LnCE(—2)) 0.1335 0.0891 1.4994 [0.1433]
D(LnGDP) 1.1294 0.1672 6.7531 [0.0000]
D(LnUB) —1.6026 0.4101 —3.9080 [0.0004]
D(LnTO) 0.0143 0.0315 0.4531 [0.6534]
D(LnTO(-1)) —0.1885 0.0384 —4.9091 [0.0000]
D(LnTO(—2)) 0.0628 0.0377 1.6684 [0.1047]
D(LnTO(-3)) —0.1640 0.0309 —5.3079 [0.0000]
ECM(-1) —0.1628 0.0286 —5.6889 [0.0000]

(Explained variable: LnCE;, ARDL (3, 1, 1, 4)).

From Table 6, when the explained variable was economic growth, carbon emissions
had a significant positive impact on economic growth in the long run, with a 1% increase in
carbon emissions and 0.24% economic growth, indicating that with more carbon emissions,
economic growth was significant. In the short term, carbon emissions also had a positive
impact on economic growth, but this kind of economic growth at the expense of the
ecological environment is not desirable. China has been making great progress in reducing
carbon emissions through industrial shifts and economic transformation. In 2019, China's
carbon emissions per unit of GDP decreased by 48% compared with 2005, equivalent to a
reduction of about 5.62 billion tons of carbon emissions [57]. Urbanization has a positive
effect on economic growth in the long and short term, and the long-term and short-term
coefficients are 2.2172 and 2.6240, respectively, indicating that urbanization has made a
great contribution to economic development, which was consistent with the findings of
Liang and Yang [58], and Jiang and Yang [59]. As an important support for achieving
high-quality economic development, urbanization provides a strong impetus for economic
development and social progress. On the one hand, the continued growth of consumer
demand in the urbanization process stimulates continuous economic growth. On the
other hand, urbanization has invested heavily in construction, and the flow of capital has
optimized the macroenvironment for economic development, promoted the adjustment
of the economy’s industrial structure, and increased the proportion of secondary and
tertiary industries. Foreign trade has a positive impact on economic growth in the long
run, with similar findings to Wu et al. [60]. After China’s reform and opening up, the
volumes of import and export trade skyrocketed, pushing China’s economic landscape
to change, gradually realizing a new development pattern in which the domestic cycle is
the mainstay and both domestic and international cycles promote each other. In addition,
the one- and two-period lags of economic growth had a significant positive effect on the
current period, indicating that economic growth is a continuous process in the short term
and that economic growth is “resilient” and does not fall suddenly. The coefficient on the
error correction term was —0.4653 and passed the 1% significant level test, consistent with
the error correction model characteristics, indicating that the system pulls back at a rate of
46% when subjected to short-term external shocks.

From Table 7, when urbanization was the explained variable, in the long-term, carbon
emissions have a significant negative effect on urbanization, indicating that increased
carbon emissions inhibit the development of urbanization. China has experienced rapid
urbanization over the past decades, with uncontrolled development in some areas, blind
pursuit of industrialization, unbridled expansion of townships, increased energy consump-
tion, and excessive CO, emissions, causing an imbalance in the ecosystem and resulting
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in slow urbanization. In the short term, two and three lags of carbon emissions had a
positive effect on urbanization, and carbon emissions and urbanization showed an in-
creasing and then decreasing trend, consistent with the EKC conjecture. Economic growth
has a significant positive effect on urbanization in the long and short term, indicating
that economic growth also drives the development of urbanization, and urbanization and
economic growth have an interactive relationship, which is consistent with the conclusion
of Wu and Gao [61]. On the one hand, in the process of economic growth, industrial transfer
has been accelerated, and the industrial center of gravity has been transferred from the city
center to the suburbs, which plays an important role in optimizing the urban spatial layout.
Economic growth has boosted investment in urban fixed assets; accelerated urban infras-
tructure construction; promoted improved management systems in urban transportation,
healthcare, education, and other areas; and enhanced urban resilience. On the other hand,
with the increased investment in infrastructure, the urban environment has been improved,
increased the comfort of the city and attracted more nonurban populations into the cities,
and promoted urbanization. From the perspective of short-term ECM, the lagging effect
of urbanization itself has a significant positive impact on the current period, indicating
that the development of urbanization in the current period is more seriously affected by
the previous period. Urbanization was seriously affected by the previous period. The
coefficient on the error correction tern was —0.1480 and passed the 1% significance level
test, consistent with the error correction model characteristics, indicating that the system
pulls back at a rate of 14% when subjected to short-term external shocks.

Table 6. Results of long- and short-term coefficients of ARDL-ECM.

Variables Coefficient Standard Error T-Ratio (p Values)
Long-term coefficient estimates
LnCE 0.2441 0.0550 4.4352 [0.0001]
LnTO 0.0324 0.0286 1.1352 [0.1640]
LnUB 2.2172 0.1773 12.502 [0.0000]
C —0.2245 0.2018 —1.1122 [0.2736]
Short-term ECM model estimation
D(GDP(-1)) 0.2802 0.1327 2.1115 [0.0419]
D(GDP(-2)) 0.3602 0.1442 2.4981 [0.0173]
D(LnCE) 0.2550 0.0595 4.2865 [0.0001]
D(LnCE(—1)) —0.1370 0.0740 —1.8523 [0.0724]
D(LnCE(—2)) —0.1228 0.0770 —1.5956 [0.1196]
D(LnUB) 2.6240 0.7491 3.5031 [0.0013]
D(LnUB(-1)) —2.4414 0.9294 —2.6269 [0.1127]
ECM(-1) —0.4653 0.1025 —4.5414 [0.0001]

(Explained variable: LnGDP;, ARDL (3, 3, 2, 0)).

Table 7. Results of long- and short-term coefficients of ARDL-ECM.

Variables Coefficient Standard Error T-Ratio (p Values)
Long-term coefficient estimates
LnCE —0.1251 0.0369 —3.3863 [0.0020]
LnGDP 0.4864 0.0554 8.7781 [0.0000]
LnTO —0.0285 0.0201 —1.4150 [0.1674]
C 0.0613 0.1065 0.575448 [0.5693]
Short-term ECM model estimation
D(LnUB(-1)) 1.2135 0.1363 8.9023 [0.0000]
D(LnUB(-2)) —0.4717 0.2022 —2.3323 [0.0266]
D(LnUB(-3)) 0.3274 0.1172 2.7932 [0.0090]
D(LnCE) —0.0070 0.0104 —0.6744 [0.5052]
D(LnCE(-1)) —0.0035 0.0112 —0.3117 [0.7574]

D(LnCE(—2)) 0.0309 0.0113 2.7455 [0.0101]
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Table 7. Cont.

Variables Coefficient Standard Error T-Ratio (p Values)
D(LnCE(-3)) 0.0366 0.0114 3.2051 [0.0032]
D(LnGDP) 0.0465 0.0199 2.3309 [0.0267]
D(LnGDP(—1)) 0.0084 0.0212 0.3961 [0.6949]
D(LnGDP(-2)) —0.0035 0.0207 —4.0404 [0.0003]
D(LnGDP(-3)) —0.0569 0.0234 —2.4357 [0.0210]
ECM(-1) —0.1480 0.0288 —5.1399 [0.0000]

(Explained variable: LnUB;, ARDL (4, 0, 4, 4)).

4.5. Stability of the Model

To ensure the robustness of the model results, the CUSUM test and the CUSUMSQ

test were performed, as shown in Figures 2—4.
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If the plots for CUSUM and CUSUMSQ remain within the 5% critical range, the
parameters and the model are stable. From Figures 2—4, except for individual years where
the CUSUM and CUSUMSQ values slightly exceeded the critical value at the 5% significance
level, the rest of the time points lie within the critical values at the 5% significance level.
Therefore, these statistics confirm that the model was stable and that the coefficients did

not change systematically over the study period.
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5. Conclusions and Policy Implications

The objective of this study is to investigate the empirical cointegration, long-term
and short-term dynamics between carbon emissions, economic growth, urbanization, and
foreign trade in China. For this purpose, we selected annual time series data from 1971 to
2019 and used the ARDL method for empirical analysis.

In the long run, carbon emissions, economic growth, and urbanization have insignifi-
cant effects on foreign trade. Economic growth and urbanization have a significant mutually
reinforcing effect. In addition, urbanization facilitates increased carbon emissions, but
excessive carbon emissions suppress urbanization. Similarly, carbon emissions promote
economic development, but the increase in carbon emission is restrained through optimiza-
tion of economic structure and industrial transfer. This shows that there is a “balance”
mechanism between urbanization and carbon emission, carbon emission, and economic
growth, which can self-regulate. In the short run, carbon emissions and economic growth
have a significant path dependency that cannot change abruptly in the short period. There
are mutually reinforcing effects between economic growth and carbon emissions, urbaniza-
tion and carbon emissions, and economic growth and urbanization. Foreign trade hurts
carbon emissions in the short term.

This empirical finding can guide China and other economies to formulate effective
environmental pollution policies. Firstly, urbanization has led to economic growth, but
it has also contributed to environmental pollution. The government should establish a
green and low-carbon urbanization model, expand investment in the environmental sector,
increase the proportion of renewable energy and clean energy, promote the development of
green technologies, and improve the efficiency of energy usage to improve environmental
quality. Second, there was an interaction between economic growth and carbon emissions.
Policymakers need to improve the coordination between economic growth and carbon
emissions, establish a carbon tax and green development subsidy policy, and also introduce
green investment into the economy. Finally, the government should optimize the trade
structure, restructure foreign investment sectors and regions, and reduce import tariffs on
green industries.

This study has some limitations. First, the study is conducted with only China as a case
study; in future studies, we will consider adding other developing countries. Second, future
research can add more macroeconomic variables (outward direct investment, financial
remittances, renewable energy consumption, financial value) for analysis. Finally, future
empirical studies may use other econometric models, such as the NARDL model, to
further explore the asymmetric relationship between carbon emissions, economic growth,
urbanization, and foreign trade.
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