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development level and carbon
emissions
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Drawing on balanced panel data of 30 Chinese provinces in 2000-2020, this
paper uses the Panel Smooth Transformation Regression (PSTR) model to
explore the impact of financial development and foreign trade on carbon
emissions under different regional economic development levels. The
empirical results show that: 1) Financial development and foreign trade have
a non-linear impact on carbon emissions under different economic
development levels; 2) As the level of economic development exceeds the
threshold, the positive effect of financial development on carbon emissions will
weaken, while the effect of foreign trade on carbon emissions will change from
negative to positive; 3) The sub-sample estimates further found that the impact
on carbon emissions in southern and northern regions are different. The
threshold in the south is lower than that in the north, but all the conversion
speed is faster.
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1 Introduction

Climate change has become a global problem faced by mankind. Zhao and Yang
(2020) believe that CO, emissions are seriously damaging the atmosphere and account for
58.8% of greenhouse gases. A large amount of carbon emissions is one of the main culprits
of global warming. It has brought huge challenges to people’s life and production
activities. Resulting in a reduction in productivity and labor, and issues of economic
output and political stability (Azam et al., 2016; Presley et al., 2017; Lin and Zhu, 2019).
Governments around the world are prioritizing the reduction of greenhouse gas emissions
to slow climate change. As the largest CO, emitter, China actively responds to climate
change, On 22 September 2020, President Xi Jinping solemnly announced at the 75th
United Nations General Assembly, The new goal of carbon neutrality is another
sublimation based on the commitment to peak carbon emissions in 2030. It is
China’s solemn commitment to the international community, demonstrating China’s
determination to actively respond to climate change and take a green and low-carbon
development path. It provides a Chinese solution for all countries in the world to jointly
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address global challenges, jointly protect the earth home on which
human beings depend, and jointly build a global community with a
shared future for mankind, and a community of shared future
between man and nature, which is widely recognized and highly
praised by the international community Chen et al. (2022). Since the
carbon neutrality goal was proposed, it has also attracted extensive
attention from the academic circles at home and abroad. Fully
affirming the significance of China’s carbon neutrality goal to the
world and China’s own sustainable development, it is expected to
reduce global warming by 0.2-0.3°C (Zhongming et al, 2020),
Promoting China’s GDP growth rate to reach 5% in the next
decade, and by reducing clean energy costs, etc., will indirectly
have positive “spillover effects” on other countries (Pollitt, 2020).

In this context, the relationship between carbon emissions
and other greenhouse gas emissions and economic development
has become a hot research topic for scholars around the world
Azam et al. (2016). The link between financial development (FD)
and economic growth is crucial, and economic growth cannot be
achieved without financial development (FD), the two are
inseparable (Le and Ozturk, 2020). Many scholars believe that
with the progress of the financial sector, the level of financial
development will promote CO, emissions, because it relies
mainly on energy sources that can exacerbate carbon dioxide
emissions. For example, technological upgrading and increased
industrial activities caused by the expansion of financial
products, services, institutions and intermediaries stimulate
more energy consumption and ultimately increase CO,
emissions (Ehigiamusoe and Lean, 2019; Lahiani, 2020).
Therefore, the biggest challenge faced by both developed and
developing countries is to protect the ecological environment
while promoting economic development. Because it is difficult
for human activities to develop and upgrade technology without
destroying the environment at present, but some authors have
also concluded in the study that in stable economic development,
when the country has sufficient resources, they started focusing
on reducing CO, emissions (Khaskheli et al., 2021). For example,
China has changed from high-speed development to focusing on
high-quality development. China’s current documents have
repeatedly appeared in various documents such as “carbon
peak”, “carbon neutrality” and carbon emission trading, and
in 2021, the “two sessions” will include “carbon peak” and
“carbon neutrality” in the government work report for the
first time. As a practitioner of ecological civilization, it shows
the determination of the Chinese government to protect the
ecological environment.

The environmental problems caused by carbon CO,
emissions are not only the result of financial development
(FD) and rapid economic growth, but are also affected by
other economic activities. Therefore, the author also includes
foreign trade (TRD) into the main body of the research. Foreign
trade is a double-edged sword in carbon emissions: on the one
hand, the liberalization of trade promotes the transfer of
advanced environmental protection technologies, which helps
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to improve environmental quality and reduce pollution; on the
other hand, the increase in trade activities promotes industrial
activities and economic growth, but also leads to an increase in
environmental pollution Muhammad et al. (2020). It can be seen
that trade-related CO, emissions are also a key factor in
environmental degradation. Therefore, the author reviewed
relevant literature and found that the impact of foreign trade
on CO, emissions is one of the focuses of scholars. For details, see
Literature Review 2.2. In addition, this paper also includes factors
(IRR), (INN),
urbanization level (URB), population (POP), and regional

such as industrial structure innovation
economic development level (PGDP).

The contribution of this paper to the existing literature is
mainly manifested in two aspects. First, in the literature, many
scholars have studied the linear relationship between income,
energy, financial development, economic growth, real estate and
other different entry points and carbon emissions (Yang et al,
2020; Jahanger et al.,, 2021; Yang et al., 2021; Kamal et al., 2021;
Usman and Jahanger, 2021; Qashou et al., 2022; Samour et al.,
2022; Jahanger et al., 2022a; Usman et al., 2022a; Jahanger et al.,
2022b; Jiang et al., 2022; Ke et al., 2022; Li et al., 2022; Usman
et al.,, 2022b). The relationship between the variables is often not
necessarily linear, there is a nonlinear relationship. Therefore,
this paper adopts a nonlinear panel smooth transition regression
(PSTR) threshold model to explore the relationship between
financial development (FD), foreign trade (TRD), regional
economic development level (PGDP) and carbon dioxide
(CO,), which makes up and enriches the current literature
research.

Second, existing studies (Zhang and Lin, 2012; Essandoh
et al., 2020; Li and Wei, 2021) believe that China is vast, with
regional heterogeneity and differences in economic level. Based
on this, this paper explores the mechanism of financial
development, foreign trade and other factors on carbon
emissions and considers the impact of regional economic
development level, that is, there is a threshold effect. This is
the current literature on carbon emissions (Ehigiamusoe and
Lean, 2019; Khaskheli et al., 2021; Yang et al., 2021; Kamal et al.,
2021; Usman and Jahanger, 2021; Samour et al., 2022; Usman
et al,, 2022a; Jahanger et al., 2022a) are rarely considered, so the
results of this paper enrich the content of existing research.

This paper is divided into six main parts: the first part is the
research background and questions, see the introduction for
details; the second part is the literature review; the third part
describes the research methods; the fourth part is the data
description; the fifth part is the empirical results Analysis;
finally, conclusions and recommendations about the research.

2 Literature review

Regarding the relationship between financial development,
foreign trade, regional economic development level and carbon
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emissions, there have been relevant studies in the previous
literature. The following discussion is divided into three parts:
1) the relationship between financial development and carbon
emissions; 2) the relationship between foreign trade and carbon
emissions; 3) the relationship between the level of regional
economic development and carbon emissions.

2.1 The relationship between financial
development and carbon emissions

As an important part of national or regional economic
growth, the link between financial development and economic
growth is crucial. Therefore, financial development may have a
profound impact on China’s regional CO, emissions.

According to the current literature research, the relationship
between financial development and CO, emissions is quite
that in stable
economies, when countries have sufficient resources, they

controversial, Many researchers believe
begin to focus on reducing CO, emissions. For example, while
financial development promotes economic growth, it also
promotes the adoption of green, environmental protection
and energy-saving new technologies in various countries,
thereby improving environmental performance. Consequently,
environmental pollutants including CO, emissions will be
reduced (Pata, 2018; Lahiani, 2020; Usman et al., 2022b).

This conclusion has been questioned by some scholars.
Because financial development may reduce the cost of credit
and make it more accessible (Nkundabanyanga et al., 2014), this
is beneficial for expanding output and accelerating industrial
growth, but at the expense of increased energy use and CO,
emissions. Related studies (Sadorsky, 2010; Tang and Tan, 2015;
Shahbaz et al., 2019; Charfeddine and Kahia, 2019; Zaidi et al.,
2019; Khan et al,, 2020; Yang et al., 2020,2021; Jahanger et al,,
2021; Kamal et al., 2021;Usman and Jahanger, 2021) established
this hypothesis. They all show that financial development, while
rapidly promoting economic growth, leads to more CO,
emissions. The empirical research in this paper is consistent
with the view that financial development will lead to an increase
in CO, emissions at the same time.

In addition, China has a vast territory, and there are
differences between the north and the south as well as
regional differences in the level of economic development,
which  will affect the
development and carbon emissions. For example Zhao and
Yang (2020)
development and carbon emissions at the provincial level in

relationship  between financial
studied the relationship between financial

China. The results of the study show that with the surge in
financial development, CO, emissions fell by 4%-5%. However,
in Sichuan, Zhejiang, Xinjiang, Fujian, Shaanxi, Yunnan and
other places, CO, emissions have increased. There is a
bidirectional causal relationship between regional financial
development and CO, emissions, but not in the short term.
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Carbon dioxide emissions are significantly affected by regional
financial development. Therefore, it is suggested that it is
necessary to emphasize the development of China’s financial
sector at the regional level to prevent CO, emissions.

2.2 The relationship between foreign trade
and carbon emissions

Many scholars believe that foreign trade is a key factor
affecting economic growth and environmental quality. But
researchers have not reached a consistent conclusion on the
relationship between foreign trade and the environment.

The correlation between international trade and air
pollution can be explained by three theories: scale effect,
technology effect and structure effect. Scale effects suggest
that increased trade activity accelerates economic growth and
industrial activity, leading to increased environmental
The effect that trade

liberalization facilitates the transfer of advanced and

pollution. technology argues
environmentally friendly technologies, thereby improving
environmental quality and reducing pollution. According to
structural effects, trade activities in the early stages of
the

environmental regulations. However, trade activities tend to

development pollute environment due to weak
reduce environmental pollution in the later stages of strong
environmental policy development (Antweiler et al., 2001;
Muhammad et al., 2020; Kamal et al.,, 2021). This is a good
explanation for why in the empirical evidence of this paper, in
the model estimation of the entire sample and each region, the
estimated coefficient of foreign trade in the second location is
positive, that is, in the early stage of China’s development,
the of the

environment, but with the improvement of the level of

economic development was at expense
economic development, The Chinese government and
people are more and more aware of the importance of the
environment, which is why China has implemented a series of
policies in recent years, adhering to the concept that lucid
waters and lush mountains are invaluable assets.

Some scholars have subdivided the relationship between
foreign trade and carbon emissions into the impact of imports
and exports on carbon emissions. First, from the import side,
that  the

manufacture of imported goods are completed in a third

some researchers believe production and
country and will not directly affect the environment of the
host country, so imports reduce environmental pollution
(Cole et al., 2014). Other scholars have questioned this,
that lead to

transportation activities, which in turn will require more

arguing more imports will increased
fuel consumption and ultimately increase environmental
pollution, among them Liddle (2017) studied the impact of
imports on CO, in 102 countries from 1990 to 2013, and

found that imports lead to more CO, emissions. Secondly, in
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terms of exports, there are also two schools of thought. One
believes that exports enhance trade competition between
countries to improve the efficiency of the use of scarce
resources and encourage the use of green technologies to
reduce environmental pollution (Davis, 1995; Helpman,
1998). However, another school of thought argues that
exports lead to faster depletion of natural resources,
and
1998;

leading to increased carbon dioxide emissions

environmental (Schmalensee et al,

Hossain, 2011).

pollution

2.3 The relationship between regional
economic development level and carbon
emissions

More and more studies have confirmed that the sharp
increase in China’s regional CO, emissions is closely related
to the corresponding economic development (Wang et al,
2011; Govindaraju et al., 2013). Grossman and Krueger
(1991) believed that the level of environmental pollution is
related to countries with different income levels. In low-
income countries, it will increase with the increase of per
capita GDP, and in high-income countries, it will decrease
with the increase of GDP. Further, for regions with a low level
of economic development, the industrial competitiveness is
relatively weak, which requires relying on the secondary
industry to drive economic growth, which is not conducive
to the development of clean industries. For regions with a
high level of economic development, there will be more funds
and people for green innovation and reduce pollution.
Therefore, financial development, foreign trade and carbon
emissions are constrained by the level of regional economic
development.

In addition, Onuonga (2020) expounded the relationship
between air pollution and economic growth in the literature,
Among them, the theory of Grossman and Krueger. (1995)
holds that the relationship between air pollution and
economic growth is non-linear, showing an inverted
U-shaped curve, which is called the Environmental Kuznets
Curve Hypothesis (EKC). Since then, many scholars believe
that EKC exists, such as (Mohammadi, 2017; Omri et al., 2015;
Ozatac et al., 2017; Marques et al., 2018; Asumadu-Sarkodie
and Owusu, 2017; Usman and Jahanger, 2021; Li et al., 2022).
If the theory is correct, the economy contributes to an
improved environment in the long run. However, some
scholars believe that EKC does not exist (Aye and Edoja,
2017; Simiyu, 2017; Mikayilov et al., 2018). In addition, some
scholars found that environmental EKC exists in some
countries and not in some countries, such as Jahanger et al.
(2022b) that the environmental Kuznets curve hypothesis has
been verified in African, Latin American and Caribbean
countries, but not in Asia Country is not verified.
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2.4 The impact of other factors on carbon
emissions in this study

This paper also includes the impact of innovation, industrial
structure upgrade, urbanization level and other factors on carbon
emissions. Innovation is an important driver of economic
growth, especially for countries that are seriously lagging
behind in economic development. However, innovation is a
double-edged sword. On the one hand, it stimulates economic
growth in a short period of time, and on the other hand, it also
causes air pollution to economic development and the urban
environment Zhang et al. (2018). However, most scholars believe
that technological innovation is beneficial to reduce CO,
emissions and improve environmental quality (Gerlagh, 2006;
Ang, 2009; Yang and Li, 2017; Chen and Lee, 2020; Jahanger
et al, 2022a; Li et al,, 2022) and the empirical analysis in this
paper confirms that innovation can help reduce CO, emissions,

as shown in Table 7. In addition, there are relatively few

literatures on industrial structure and urbanization level.
However, for China, which is in a critical period of industrial
structure upgrading, these two indicators cannot be ignored.
In addition, Rios and Gianmoena (2018) argue that regional
analysis is of considerable importance when considering
pathways to achieve national emission reduction targets.
Zhao and Yang (2020) believe that it is of great significance
to explore the impact on China’s carbon dioxide emissions at
the regional level. However, only a few scholars have studied the
influencing factors of carbon dioxide emissions at the regional
level. These studies define regions differently due to different
research perspectives. Some people divide China’s provinces
into two regions, namely developed regions and
underdeveloped regions Xiong et al. (2017). Some merged
Chinese provinces into three districts: east, middle, and west
Huang and Zhao. (2018). Considering the issue of regional
differences, this paper divides China’s provinces into southern
and northern regions, and uses the regional economic
development level as the threshold variable to explore the
mechanism of financial development and foreign trade on

carbon emissions.

3 Research methods
3.1 Model construction

In order to estimate the impact of various factors on carbon
emissions, this paper draws on the PSTR model of (Gonzilez
etal., 2005, 2017; Li and Wei, 2021), the advantage of this model
is that it has a flexible nonlinear form, which allows continuous
smooth transition between different states. The model uses the
regional economic development level as a threshold variable to
estimate a threshold value. The level of regional economic
development will affect the impact of financial development
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and foreign trade on carbon emissions. It is helpful to determine
the target of regional energy saving and emission reduction, and
the model has the characteristics of fixed-effect models for
individuals and time. The constructed PSTR model is as follows:

Vit = o + Boxie + Bixig (Gies Y €) + € (1)

, T, N
represents the cross section, and T represents the time

Among them, i = 1,2, ... ... Nt =12, ... ...

dimension, y; is the explained variable, and the dependent
variable in this article is carbon emissions (CO,), x; is an
independent variable, including financial development and
but
energy

foreign trade, also includes industrial structure,

innovation, consumption,  urbanization level,
population, «; represents the fixed effect of individual
(province), By is the coefficient of the linear regression part of
the explanatory variable, B; is the coefficient of the nonlinear
regression part of the explanatory variable, & is the error term set
to iid, g (qi> Y» ©) is the transition function between 0 and 1. It is
usually a logistic function, according to Gonzdilez et al. (2017)
proposed and Li and Wei (2021) defined the transfer function

used as follows:

1

z (2)
1+ exp[*)’jl_[j (air—cj)]

9(anypei) =

qit is a conversion variable or threshold variable, y is a smooth
slope parameter, y;>0, it determines the conversion speed from
one location to another location, Gisa threshold parameter, c;<
¢ <... < Cp, It is the threshold value in nonlinear state (in
Equation 1). And gy > ¢j represents the model transition from
one location to another. m is the number of thresholds, usually m

takes values 1 and 2.

3.2 Testing and estimation

Gonzdlez et al. (2005) initially constructed the PSTR model
and used the demean method to remove individual fixed effects.
Besides, he also used nonlinear least squares (NLS) to estimate
the coefficients, since then, a large amount of literature on this
research has emerged (Inglesi-Lotz et al., 2020; Li and Wei, 2021).
Before estimating the PSTR model, the linearity and residual
nonlinearity of the data are judged to verify whether the state
transition is statistically significant, and to determine the number
of transition functions and the number of thresholds.

First, perform a linear test. The original hypothesis Hy: y =
0 or Hy:p; = 0, the alternative hypothesis H;: y >1 means that the
PSTR model has one or more conversion functions. According to
the first-order Taylor expansion near y = 0 of g (q;,,y, ¢) derived
by (Gonzilez et al.,, 2017; Li and Wei, 2021), the corresponding
auxiliary regression function is obtained:

3

_ ! % ! % s m *
Yie = &+ By X + Py XieGie + -+ - + By Xl + €
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The coefficient B corresponds to yei; = & + Rmﬁ’;xit, R, in
the equation is the remainder of the Taylor expansion. At this
time, the null hypothesis of the linear test becomes:

He = =45 =0

The test formulas of LM > and LM of the auxiliary function
3) are expressed as follows:

TN (SSRy — SSR,)

4

LMXZ = SSR, (5)
_ [ (SR, - SSR,) SSR,
LMF_[ mK ]/[TN—N—m(K+1) (©)

In the above equation, SSRy and SSR; are the sum of squared
residuals in Hy, and H;, respectively, K is the number of
explanatory variables, N is the number of provinces, and T
is time.

Secondly, if the null hypothesis of linear relationship is
rejected, it means that the relationship between the variables
in the model is non-linear. Then determine the order m of g (q;,
¥, ¢) according to the auxiliary regression Equation 3. According
to the methods described by (Gonzilez et al., 2005,2017; Li and
Wei, 2021), this article also chooses m = 3 to test the significance
of the null hypothesis according to the auxiliary function, the null
hypothesis Hy: f; =, = 5 =0, if the null hypothesis is
rejected, then m is at least equal to 1, and so on to repeat the
above hypothesis and test.

Finally, after determining the order m value of the transfer
function, perform a heterogeneity test to determine the number
of transfer functions:

Yie = & + ﬁé)xit + ﬂlletg (q,-t, Y1 Cl) + ﬂlzxirg ((Sit: V2> Cz) +& (7)

Among them, q; and J;; can be the same or different, that is,
if Hy:y, = 0 accepts the null hypothesis, it is concluded that PSTR
is a model with one transformation and two zoning systems,
suitable for testing the nonlinear relationship between the
variables, otherwise to repeat the above steps.

4 Data

This article uses the annual data of 30 provinces in China
from 2000 to 2020. Due to the lack of corresponding data, the
sample data of Taiwan, Hong Kong, Macau and Tibet are
excluded. The data sources are “China Statistical Yearbook”,
“China Energy Statistical Yearbook”, “China Financial Statistical
Yearbook”, “China Statistical Yearbook”,
“Statistical Yearbook of Provinces”, “Statistical Bulletin of

National Economic and Social Development of Provinces,

Environment

Autonomous Regions and Municipalities”, “China Emission
Accounting and Data Collection”, Wind database and CEADs
database.
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TABLE 1 Descriptive statistics.

Variable @ Obs Mean  Max Min S.D. C.V.
CO, 630 5222 6.917 -0.223 0931 0.178
GDP 630 4478 7.010 0.969 1.161 0.259
FD 630 5.504 8.441 1.909 1.249 0.227
TRD 630 7.210 11181 0997 1.864 0.259
POP 630 8.165 9.442 6.250 0.757 0.093
INN 630 5456 8.914 2.564 1475 0.270
IRR 630 3.547 5372 0.393 0.394 0.111
URB 630 3.902 4495 3.013 0.296 0.076

In order to explore the factors and mechanisms affecting
carbon emissions (CO,), this paper constructs a series of
variables including:

1) The explained variable (CO,)

According to the current literature, for carbon emissions

indicators, many literatures are mainly based on the
measurement method proposed by the United Nations IPCC
Wang et al. (2019), and t this paper uses the data of carbon
dioxide (CO,) emissions in the CEADs database as the explained
variable (million tons of carbon dioxide emissions), which adopt

the measurement method proposed by the United Nations IPCC.
2) Core explanatory variables (X)

The
development (FD) and foreign trade (TRD). Among

core explanatory variables are financial

them, financial development (FD) is represented by
deposits and loans; foreign trade (TRD) is represented by
imports and exports.

3) Control variable (Z)

Control variables include industrial structure (IRR),
(INN), urbanization level (URB),

(POP), and regional economic development level (GDP).

innovation population
Among them, Industrial Structure (IRR) uses industry as a
percentage of GDP as an indicator of industrial structure;
innovation (INN) uses the number of patents per 1 million
people in each province to represent; the urbanization level
(URB) is expressed by the proportion of urban population in
the regional population; the population (POP) is expressed in
millions of people; the regional economic development level
(GDP) uses
measurement indicator.

the actual GDP of each province as a

This paper uses the regional economic development level

(GDP)as the threshold variable to examine the impact of
financial development (FD), foreign trade (TRD) and regional
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TABLE 2 Unit root test.

Variable LLC Fisher Variable LLC Fisher
CO, 0.0003 0.0000 POP 0.0059 0.0000
GDP 0.0000 0.0000 INN 0.0220 0.0000
FD 0.0010 0.0000 IRR 0.0883 0.0001
TRD 0.0038 0.0002 URB 0.0000 0.0000

The values corresponding to LLC, and Fisher are p-values.

economic development level (GDP)on carbon emissions (CO,),
all variables are expressed in logarithmic form. Table 1 lists the
descriptive statistics of all variables.

The results show that the average value of carbon
emissions (CO,) is 5.222, while observing the maximum
and minimum values of each variable. The average value is
not affected by extreme values. For the coefficient of variation,
the value of regional economic development, financial
development, foreign trade and innovation are 0.259, 0.227,
0.259, and 0.270, respectively, which have a higher coefficient

of variation.

5 Analysis of empirical results

5.1 Unit root test

In order to avoid incorrect regression caused by the non-
stationarity of the data, this paper uses LLC and Fisher for unit
root test. As shown in Table 2, all variables are stable (The
p-values of LLC and Fisher’s tests are both less than 10%,
rejecting the null hypothesis, with statistical significance).
Therefore, the requirements of the PSTR model for panel data
stationarity are met.

5.2 Analysis of the empirical results based
on the panel smooth transition regressionl
model

In order to measure the impact of financial development and
foreign trade on carbon emissions, this paper examines the panel
data of 30 provinces and cities in China, and uses the level of
regional economic development as the threshold variable to
examine whether the impacts of financial development and
foreign trade on carbon emissions are the same at different
levels of economic development. For the PSTR model analysis,
the following three steps are used. The first is to check the linear
relationship, the second is to determine the number of threshold
parameters m and the corresponding optimal y* (m), that is, the
number of transition functions; the third is the estimation of the
PSTR model.
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TABLE 3 Homogeneity tests.

10.3389/fenvs.2022.984203

m m=1 m=2 m=3

Statistics p-value Statistics p-value Statistics p-value
LM, 72.4500 0.0000 102.1000 0.0000 200.2000 0.0000
LM 34.0400 0.0000 23.9000 0.0000 31.1400 0.0000
HAC,: 7.9700 0.0186 16.6900 0.0022 17.4400 0.0078
HACg 3.7450 0.0242 3.9080 0.0038 27130 0.0132
TABLE 4 Sequence of homogeneity tests.

Hoy Hy, Hys

Statistics p-value Statistics p-value Statistics p-value
LM, 72.4500 0.0000 33.4600 0.0000 117.1000 0.0000
LM 34.0400 0.0000 15.6700 0.0000 54.6500 0.0000
HAC,: 7.9700 0.0186 9.6950 0.0078 62820 0.0432
HACg 3.7450 0.0242 4.5400 0.0111 29320 0.0541
TABLE 5 Parameter constancy test.

Hoy Hy, Hys

Statistics p-value Statistics p-value Statistics p-value
LM, 184.7000 0.0000 211.5000 0.0000 223.8000 0.0000
LM 24.4000 0.0000 12.0800 0.0000 8.4070 0.0000
HAC,: 19.9800 0.0104 23.8800 0.0921 28.8400 0.2261
HACk 23150 0.0189 1.3650 0.1535 1.0840 0.3575
5.2.1 Linear relationship test function m = 1. At the same time, to ensure For the robustness of

This paper has carried out a linearity test, as shown in Table 3, for the PSTR model constructed by the transfer function, we have
the order m = 1, 2, 3, the corresponding LM ,»and LM statistics both done a robustness test and no residual heterogeneity test: Hy: y =
reject the null hypothesis (p values are both within 1%). The model is 1, H;: y = 2, as shown in Table 5 and Table 6, the results showed
linear, and the heteroscedasticity robust HAC,2and HAC statistics that the p values of heteroscedasticity robustness statistics were
also reject the null hypothesis (p values are both within 5% 0.0921, 0.1535, 0.1062 and 0.1723, respectively. Accept the null
significance level), which shows that considering the economic hypothesis that the optimal order of the transfer function is m =
development level of different regions, a nonlinear model should 1. For the test of Hy: y = 2, Hl: y = 3, it is obvious that the
be established to explore the relationship between financial heteroscedasticity robustness test is not significant. Therefore,
development, foreign trade and carbon emissions. the PSTR model we set has only one transfer function, two zones,
and one threshold parameter.
5.2.2 Determine threshold parameters and
optimal transfer function 5.2.3 Estimation of the panel smooth transition
Based on the analysis of 5.2.1, in order to determine the order regression model

m of g (qi» V> ), this paper does a sequence homogeneity test as Through the above linear test, threshold parameters and the
shown in Table 4 to determine the optimal order of the transfer determination of the optimal conversion function, we
Frontiers in Environmental Science 07 frontiersin.org
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TABLE 6 No remaining (heterogeneity) test.

Hy, Hp,
Statistics p-value Statistics
LM,. 173.4000 0.0000 247.2000
LMF 20.0900 0.0000 14.1200
HAC, 20.2900 0.0093 23.2900
HACF 2.3520 0.0171 1.3310
TABLE 7 Results of the PSTR estimation.
Bo By Bo + B,
FD 0.5544*** —0.1979*** 0.3564*
(0.1015) (0.0388) (0.1101)
POP 1.1890*
(0.6282)
TRD —-0.0157 0.1113* 0.0956***
(0.0190) (0.0300) (0.0340)
INN -0.2192*
(0.1133)
IRR 0.1518***
(0.0406)
URB 1.2220*
(0.7368)
Location parameter ¢ - - 5.7000
- 6.9100

Slope parametery
- 630

n

*, %, and *** are significant at the 10%, 5%, and 1% levels, respectively. The standard

errors are in parentheses.

determined that the suitable model is the logistic conversion
model in Eq. 1. The results of our estimated PSTR model are
shown in Table 7. Among them, the optimal threshold parameter
¢ is 5.700, which means that when the threshold variable is lower
than 5.700, the estimated model will be in the first location,
otherwise it will be in the second location. As shown in Figure 1,
there are many continuous points between the first location and
the second location, and the smooth transition process of the
sample data can be seen intuitively. With the rapid development
of China’s economy, finance and foreign trade have also
developed rapidly, and the impact on carbon emissions has
gradually increased. When reaching a certain height, there will
be a peak, the so-called “carbon peak”, so how to achieve “carbon
neutral”? This is the problem that we are concerned about and
must be solved. While studying the impact of financial
development and foreign trade on carbon emissions, this
paper also considers the of regional economic

development, and incorporates factors such as innovation,

level

industrial structure, population, and urbanization level.
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Smooth transition function.

In the foreign trade and financial development in Table 7, the
sign of the coefficient of the linear part () and the coefficient of
the nonlinear part (B;) are opposite. When the threshold variable
(regional economic development level) is lower than the optimal
threshold (5.700), the linear relationship dominates, that is, the
model is in the first location. In this location, the regional
economic development level is not very high, due to the blind
excessive expansion and disorderly development of finance
(similar to P2P financial products, etc.), This leads to an
increase in the level of carbon emissions, that is, the faster the

financial development, the more it will destroy the balance of the
ecological environment, especially when the environmental
protection policy is relatively loose. This is consistent with the
research results of scholars (Yang et al., 2020; Jahanger et al,,
2021; Yang et al, 2021; Usman and Jahanger, 2021), that is,
financial development will lead to an increase in carbon
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emissions, But unlike the above scholars Usman et al. (2022a),
these scholars believe that finance is considered to be an
that
environmental degradation and promote economic growth.

important  indicator greatly helps to alleviate
Then, when the financial development is in the second
position (that is, higher than the threshold value of 5.700), the
positive effect of financial development on carbon emissions will
offset the weakened impact on carbon emissions due to the
negative nonlinearity (the coefficient changes from 0.5544 to
0.3564). This situation is very similar to the Environmental
Kuznets Curve Hypothesis (EKC) confirmed by some scholars
such as Grossman and Krueger (1995), that is, the economy is
conducive to improving the environment in the long run. At the
same time, this shows that it is inseparable from the
implementation of high-quality development of the Chinese
economy. With the continuous improvement of China’s
the

development to green, a series of green investment and

economic level and transformation of financial
financing measures have been proposed to facilitate the green
transformation of financial development, thereby reducing the
impact of financial development on carbon emissions.

Foreign trade is known as one of the troikas that promote
China’s economic growth, and has made a lot of contributions to
the development of China’s economy. With the continuous
expansion of trade and the take-off of China’s economy, the
impact of foreign trade on carbon emissions is shown in 1 and
Table 7, it can be seen that, when the level of regional economic
development exceeds the threshold (5.700), foreign trade will
lead to an increase in carbon emissions, and will lead to an
increase in carbon emissions due to positive nonlinear effects
(coefficient of 0.0956). With the rapid development of China’s
economy and the further expansion of its opening to the outside
world, foreign trade has become more frequent and convenient
due to the improvement of the level of regional economic
This s the

emergence of negative problems that accelerate the effect of

development. inevitably accompanied by
environmental damage, and even the spread of carbon
emissions across borders. How to avoid the increase in carbon
emissions caused by foreign trade? We can draw inspiration from
the theories of the following scholars, such as Walter and Ugelow.
(1979)’s “pollution haven effect” that when investment goes into
pollution-intensive industrial sectors, foreign direct investment
will increase carbon emissions, and later scholars have confirmed
the hypothesis (Cole, 2004; Lan et al., 2012; Long et al., 2018);and
Zarsky. (1999)’s “pollution halo effect” that foreign trade tends to
reduce environmental pollution and improve environmental
quality when investment goes into green and technologically
advanced industries, scholars (Lee, 2009; Govindaraju et al,
2013) also confirmed this view.

It is also found from Table 7 that the linear part of innovation
is negatively related to carbon emissions, as stated by scholars
Jahanger et al. (2022a), technological innovation has been shown
to play a moderating role to reduce the negative environment
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related to natural resource consumption Consequences, that is to
say, the development of innovation is helpful to reduce carbon
emissions. The current hotly debated “carbon neutrality”, in the
final analysis, also requires innovation, accelerating ecological
innovation and the green development of various industries, and
promoting the formation of a consensus on environmental
protection among the whole people is the direction of our
future efforts.

In addition, in terms of industrial structure, from the
statistical data, industrial structure and carbon emissions are
positively correlated (the coefficient is 0.1518). Therefore, the
adjustment of the industrial structure should pay attention to the
effect of the ecological environment, so China is indeed making
efforts in this regard, such as adjusting the structure of industrial
energy, developing green industries and then promoting the
development of circular economy, making the governance of
the ecological environment qualitatively A leap forward to truly
achieve a beautiful China.

5.3 The sub-regional estimation of the
impact on carbon emissions

Taking into account the difference between the north and the
south, according to Li and Wei. (2021), this paper also divides the
30 provinces and cities in China into the northern regions
(Heilongjiang, Jilin, Liaoning, Inner Mongolia, Xinjiang,
Gansu, Qinghai, Ningxia, Shanxi, Shaanxi, Hebei, Tianjin,
Beijing, Shandong, Henan)and southern regions (Jiangsu,
Hubei, Shanghai, Anhui,
Guizhou,

Chonggqing, Sichuan,
Jiangxi,
Guangxi, Hainan), Taking the level of economic development

Zhejiang,

Hunan, Yunnan, Fujian, Guangdong,
as the threshold variable, the impact of financial development
and foreign trade on carbon emissions was calculated
respectively. The specific screening process is the same as
further details the

Supplementary Appendix and Supplementary

above, are provided in
Al

Appendix Table A2 establish the optimal order of the transfer

Appendix,
Table

function m = 1, Supplementary Appendix Table A3 shows no
residual heterogeneity, and Supplementary Appendix Table A4 is
the estimated result of the PSTR model, the smoothing threshold
effect presented in Supplementary Appendix Figure Al and
Supplementary Appendix Figure Al.

It can be seen from Supplementary Appendix Table A4 that
the level of regional economic development does affect the
relationship between financial development, foreign trade and
carbon emissions. Threshold values vary by region, the
thresholds in northern and southern China are 5.418 and
4.883, respectively, and the thresholds in southern China are
lower than those in northern China, indicating that the southern
region is more likely to have a threshold effect. As can be seen
from Supplementary Appendix Figure Al and Supplementary
Appendix Figure A2, compared with the southern region, most of
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TABLE 8 Results of the PSTR estimation.

Bo B: Bo + B,
FD 0.5776*** —0.3579*** 0.2197**
(0.1071) (0.0959) (0.1021)
POP 2.1060**
(0.8860)
TRD —-0.0121 0.0764* 0.0643**
(0.0242) (0.0290) (0.0261)
INN -0.2050**
(0.1062)
IRR 0.1386™**
(0.0347)
URB 0.8702
(0.6933)
Location parameter ¢ - - 5.5000
Slope parameter y - - 8.4390
630

n
, **, and *** are significant at the 10%, 5%, and 1% levels, respectively. The standard

errors are in parentheses.

the points in the northern region are in the first location, perhaps
the economic development of the northern region is not as good
as that of the southern region. The impact of financial
development and foreign trade on carbon emissions is not as
large as that of the south, which has better economic
development. In addition, we also found that the conversion
speed of the slope parameter y in the northern region is higher
than that in the southern region, which further indicates that the
impact of financial development and foreign trade on carbon
emissions varies with the level of regional economic
development. The results of the empirical analysis are
consistent with the idea of scholars (Rios and Gianmoena,
2018; Zhao and Yang, 2020), that is, it is of great significance
to explore the impact on China’s carbon dioxide emissions and
national emission reduction targets at the regional level.
Generally speaking, the development of finance and foreign
trade will aggravate the generation of carbon emissions and

deteriorate the natural environment. But the economic

development of the south is relatively less than the impact of
the north, because the economy has developed to a certain extent,
people pay more attention to the problem of environmental
quality. Therefore, promoting green low-carbon and even “zero-
carbon economy” will be an important issue for enterprises to

think about in the future.

5.4 Robustness test

In order to test the robustness of the model, according to the
robustness test method of (Wang and Wei, 2020; Li and Wei,
2021), the financial development indicator in this paper is
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Smooth transition function.

replaced by per capita deposits and loans, and then the entire
sample is re-tested.

The results of the robustness test in Table 8 and Figure 2 are
consistent with the results in Table 7 and Figure 1 of the Chinese
full-sample test. The indicator of financial development is re-
tested, and the results show that it is still significant. From
Figure 2, it can be intuitively seen that the transition is
smooth, so it can be concluded that the model estimation is

robust.

6 Conclusion and recommendations

6.1 Conclusion

Different from previous studies on the linear relationship of
carbon emissions (Yang et al., 2020; Jahanger et al., 2021; Yang
et al,, 2021; Kamal et al, 2021; Usman and Jahanger, 2021;
Qashou et al., 2022).

In this paper, the nonlinear panel smooth transition
regression (PSTR) threshold model is used to deeply explore
the interaction mechanism between financial development,
foreign trade, regional economic development level and
carbon emissions. In addition, considering China’s vast

territory, vast land and abundant resources, complex and
diverse natural environment, and large differences in the level
of regional economic development, the total sample of the
country, the southern and northern regions of China were

10 frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.984203

Sun

analyzed respectively. The research results show that changes in
the level of regional economic development will affect the
mechanism of financial development and foreign trade on
carbon emissions, and it varies from region to region.
Especially when the level of regional economic development is
high and higher than the optimal threshold, financial
development will reduce carbon emissions due to the high
level of regional economic development, but foreign trade will
increase carbon emissions more frequently. However, when
both financial
foreign trade will lead to an increase in carbon emissions,

examining sub-regions, development and
which is in line with the research views of some international
scholars (Schmalensee et al., 1998; Sadorsky, 2010; Hossain,
2011;Tang and Tan 2015; Shahbaz et al, 2019; Zaidi et al,
2019; Khan et al., 2020; Yang et al., 2020,2021;Jahanger et al.,
2021; Kamal et al,, 2021). Therefore, the author believes that after
obtaining a sufficient level of development, more attention
should be paid to environmental-related issues, at the same
time, with the improvement of development, the level of
education and awareness has also increased, and people’s
awareness of environmental protection has become stronger
and stronger, all of which contribute to reducing pollution.
Further, it also illustrates another problem, that is, the
relationship between financial development and carbon
emissions is not stable. Because carbon emissions can only be
reduced when the level of economic development reaches a
certain threshold, which means that we should improve the
level of regional economic development while strengthening
financial development. This coincides with the environmental
Kuznets curve hypothesis Grossman and Krueger (1995), that is,
the economy contributes to an improved environment in the
long run. Recent studies (Omri et al.,, 2015; Mohammadi, 2017;
Ozatac et al., 2017; Marques et al., 2018; Asumadu-Sarkodie and
Owusu, 2017; Usman and Jahanger, 2021; Li et al.,, 2022) also
confirmed this. In addition, innovation is negatively correlated
with carbon emissions, which means that the development of
innovation helps to reduce carbon emissions, and population,
industrial structure, and urbanization levels all lead to an increase

in carbon emissions.

6.2 Suggestions

These findings deserve the attention of policymakers.
Therefore, we make the following recommendations.

First, improve the supervision of laws and regulations.
Specific measures: First, form a “smart” carbon emission
regulatory legal mechanism Han and Lu (2021). Give full play
to the advantages of big data and other technologies, monitor
carbon emissions and key enterprises with carbon emissions in
real time, and accurately identify illegal entities and behaviors, so
as to ensure economic development and the protection of the
ecological environment. Second, strengthen the legal connection
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and coordination mechanism of low-carbon legislation and
environmental protection, and establish a legal supervision
system for carbon emission trading, forming a diversified legal
supervision mechanism for the government, enterprises, and
service platforms.

Secondly, due to the differences in the level of regional
economic development, the impact of financial development
and foreign trade on carbon emissions is also different.
Therefore, when solving the carbon emission problem,
relevant departments should take measures according to
local conditions, take multiple measures in a step-by-step
manner, and explore effective solutions for energy
conservation and emission reduction in the region. At the
same time, to continuously improve the level of regional
economic development, in the process of opening up the
financial industry to the outside world, the government
should cooperate with rating agencies to effectively select
investments, require financiers to share information on
carbon emissions, and limit CO, emissions in the form of
contracts, develop green finance and transform to green.
Encourage investment, financing and cooperation among
multinational companies that use and nurture clean and
green technologies.

Finally, innovation and carbon emissions are negatively
correlated, so domestic and foreign companies should be
encouraged to use capital for efficient and high-tech
production, invest in green technologies for technological
upgrading, and transform existing industries into low-carbon
industries or a “zero-carbon economy”. Population is also an
important factor affecting carbon emissions. It is
recommended that government departments implement
relevant policies to improve the public’s use of green
renewable energy, green travel, and green life. In addition,
there is another important factor, economic level, regional
economic development will increase carbon dioxide
emissions, but with the improvement of regional economic
development level, carbon dioxide begins to decrease.
Therefore, while promoting economic development,
revising and formulating appropriate policies is conducive
to environmental protection. For example, extreme rainstorm
events like the one encountered in Henan in mid-July
2021 are warning us of the importance of protecting the

environment.
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