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Carbon peaking and neutrality goals have been an important issue in China’s
economic development in recent years. Here is increasing academic interest in
ways to realize emission peak and carbon neutrality goals within a finite
timeframe. As an important means of sustainable development, high-quality
economic development and green credit are of great significance to achieve
carbon peak and carbon neutrality. Based on the panel data of 29 provinces and
cities in China from 2007 to 2020, spatial Durbin and semi-etric spatial lag
models are adopted to investigate the impact of high-quality economic
development on green credit and carbon emissions. This study also analyzes
whether green credit plays a moderating role in the impact of high-quality
economic development on carbon emissions through the moderating effect
model. The results reveal that such development has a significant negative
correlation with carbon emissions, and presents an “inverted U" -shaped
nonlinear relationship. There is a significant negative correlation between
green credit and carbon emissions, and an ‘n-type” nonlinear
relationship. Finally, the moderating role of green credit in the impact of
high-quality economic development on carbon emissions is analyzed. This
study presents the following suggestions: (1)Give full play to the positive
spillover effect of high-quality economic development between various
regions, and build a complete high-quality economic development system,
(2) Improve the green credit system, increase green credit funds, and promote
green development.

KEYWORDS

high-quality economic development, carbon emissions, semi-parametric spatial lag
model, green credit, regulatory effect

1 Introduction

Since its reform and opening up, China’s economy has been subject numerous myths
after another, but China’s economic growth has come at the cost of a large amount of fossil
energy consumption. As energy consumption has continued to increase, China’s extensive
development has led to significant environmental damage, which restricts the sustainable
development of the economy. To alleviate the increasingly serious environmental
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problems, in 2020, the Chinese government (Zhang, 2021)
proposed in 2020 that “China will enhance its nationally
determined contribution, adopt more effective policies and
measures, strive for the peak of carbon dioxide emissions by
2030, and strive for carbon neutrality by 2060.” At the same time,
China will also formulate low-carbon economic development
measures, and strive to achieve economic growth while reducing
carbon emissions. To date, numerous scholars have investigated
ways to effectively save energy and reduce emissions and
environmental pollution. The current study conducts an in-
depth examination of the path of carbon emissions and study
how to reduce such carbon emissions, and strives to provide
some theoretical support for carbon neutralization of carbon
emissions.

According to the report of the 19th CPC National Congress,
“China’s economy has shifted from a stage of high-speed
growth to a stage of high-quality development, and is at a
critical stage of transforming the development model,
optimizing the economic structure, and transforming the
drivers of growth.“ (Zhang, 2018) To ensure high-quality
China  should

development mode, optimize its economic structure, and

economic  development, change its

transform its growth drivers. Therefore, high-quality
economic development will inevitably have a significant
impact on energy consumption and affect carbon emissions.
At the same time, as an important part of green development,
green credit provides a new way to reduce carbon emissions.
The impact of green credit is not just about guiding economic
activity. At the same time, it also has the attribute of policy
orientation. Specifically, green credit can direct capital to
environmentally friendly enterprises and help them upgrade
technology and increase the scale of their industries.
Furthermore, green credit can also eliminate the backward
production capacity of high-polluting enterprises, forcing
and  high

consumption to upgrade technology, adjust the industrial

enterprises with high pollution energy
structure, and gradually transition to low-carbon enterprises.
Therefore, the improvement of green credit level can effectively
relieve environmental pressure and reduce carbon emissions
level.

economic

From the perspective

development, using a spatial econometric model based on

of  high-quality

panel data of 29 provinces and cities, this study investigates
the
development

linear relationship between high-quality economic

and green credit and carbon emissions.
Further, the semi-parametric spatial lag model is further
used to examine the nonlinear relationship between high-
quality economic development and green credit and carbon
emissions. According to the hypothesis, the study determines
whether green credit has a moderating effect on the impact of
high-quality economic development on carbon emissions.
Finally, the robustness test is carried out by changing the
weight matrix. To derive novel research conclusions, help
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“double carbon” emissions reduction, and provide some
enlightenment for economic growth and environmental
protection, this study analyzes the impact of high-quality
economic development and green credit on carbon emissions
from multiple dimensions.

The main contributions of this study are as follows: (1) This
paper reviews the literature on the basis of previous studies and
selects of 35 basic indicators from the five dimensions of
innovative, coordinated, green, open, and shared development
to measure the level of high-quality economic development,
which provides reference for scholars to study high-quality
economic development. (2) Previous studies mainly analyzed
the relationship between the two variables. This study explains
the influencing factors of carbon emissions from the perspectives
of high-quality economic development and green credit, and
clarifies the relationship among the three through the
coordination effect model. (3) In the past, scholars only used
models to study the linear relationship between variables. The
current study adopts the spatial econometric model to investigate
the linear and nonlinear effects of high-quality economic

development and green credit on carbon emissions.

2 Theoretical analysis and research
hypothesis

2.1 High-quality economic development
and carbon emissions

As China’s economy shifts from high-speed to high-quality
development, people are increasingly seeking to protect the
environment while developing the economy to achieve the
goal of harmony between humans and nature. To achieve this
goal, scholars have investigated ways to achieve economic growth
while reducing carbon dioxide emissions. At present, there are
relatively few studies on high-quality economic development and
carbon emissions, but a numerous scholars have conducted
research on economic development and carbon emissions.
Zong-Yi et al, 2013 constructed a dynamic spatial error
model and found that carbon dioxide has a significant spatial
effect. Carbon emissions and economic growth exhibited an
“inverted U” shape relationship, and economic growth is
usually accompanied by high carbon emissions. Shahbaz et al,
2013 established a model to study the long-term relationship
between carbon dioxide, financial development, energy
consumption, and economic growth in Malaysia. The results
revealed that energy consumption and economic growth would
increase carbon dioxide emissions, and found a causal
relationship between them through the Granger causality test.
Zihe et al. (2017) used the ARDL boundary test to explore the
relationship between economic growth, carbon emissions, energy
consumption and foreign trade, and found that there was no

cointegration relationship between them in the short term, but
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there was such a relationship in the long term. Using data from
1998 to 2013, Islam et al. (2017) studied the relationship between
carbon emissions, total energy consumption and the industrial
production index growth of Bangladesh’s economic growth.
Through vector autoregression, variance decomposition, and

other methods, the author determined a significant
relationship  between economic development, industrial
production and per capita GDP. through vector

autoregression, variance decomposition and other methods. By
examining the impact of asymmetric development of financial
market and per capita carbon emissions, Mahmood et al. (2018a)
clarified the correctness of the environmental Kuznets hypothesis
between income and pollution. Nair et al. (2020) adopted the
Granger causality test to examine the relationship between
institutional quality, carbon dioxide emissions and economic
growth
interdependence among variables. Using data on six countries

in developing countries, and found significant
in southeast Asian financial markets, foreign direct investment,
and openness to trade impact on carbon dioxide emission,
Mahmood et al. (2018b) proved that the six countries have
significant spatial spillover effect, and also confirmed financial
markets, foreign direct investment, and trade openness will
(2021)

between

increase emissions. Zhang et al confirmed the
U-shaped”

development and carbon emissions through the dynamic

“inverted relationship economic
spatial model, which is in line with the environmental
Kuznets curve (EKC) hypothesis. Mahmood et al. (2021)
studied the effects of economic development, urbanization and
foot-and-mouth disease on oil consumption and national
geographic characteristics in Middle Eastern countries, and
confirmed the existence of the environmental Kuznets
hypothesis. Based on the data from 1984 to 2018, Alam et al.
(2022) investigates the marginal effect of economic growth,
financial development, and low-carbon energy use on Oman’s
carbon emissions, and the empirical evidence proves that
(2022)

examined the environmental impact of ethnic diversity on

emissions meet the EKC hypothesis. Yasin et al

financial development, urbanization, economic growth, and
energy consumption in less developed countries, and found
that financial development and energy consumption have the
same adverse impact on the environment. Jahanger et al. (2022)
clarified whether technological innovation, consumption of
natural resources, globalization, economic growth, human
capital development, and financial development have an
impact on the environment. The results reveal that human
growth,
development policies are consistent with the SDGS. Using
data of 21 North American countries, Mahmood (2020)
proved a significant spatial dependence of carbon dioxide, and

capital, globalization, economic and financial

financial development, trade, and income would all have adverse
impacts on the environment.
With the increasingly serious environmental concerns

brought about by economic development, to achieve
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the
economic development has been suggested, which changed the

sustainable ~ development, concept of high-quality
original focus on high-speed economic development to more
attention toward high-quality economic development. In recent
years, to ensure the high quality of economic growth, the Chinese
government has introduced numerous policies, including the
State Council on positive and effective use of foreign capital to
promote high-quality economic development measures of notice,
The General Office of the State Council about support national
district to deepen reform and innovation to speed up the
guidance to promote high-quality development, and so on.
The Chinese government wants to develop financial and
policy support to ensure the high quality of economic growth.
The fifth Plenary Session of the 18th CPC Central Committee
called for reform in five areas: innovation, coordination, green
development, openness, and sharing (Wang et al., 2020).,“Green”
refers to efficiency, harmony, and sustainability as the goals to
promote the development of the green industry, and ultimately
achieve the goal of harmony between humans and nature. Green
development in high-quality economic development is to reduce
carbon dioxide emissions through the increase of green
industries and the optimization and upgrading of industrial
structure.

Accordingly, this study proposes the following hypothesis:

HI: There is a negative correlation between high-quality
economic development and carbon emissions.

2.2 Green credit and carbon emissions

With the continuous development of society, new
requirements for environmental protection are raised. The
proposal of green credit is to provide policy and financial
support for environment-friendly enterprises at the same time
as rapid economic development. The aim is to promote
technological upgrading and industrial optimization of
environment-friendly enterprises to achieve the goal of
reducing carbon emissions. Jing et al. (2015) established the
nonlinear adagio threshold model of industrial growth against
the background of green credit and energy conservation and
emissions reduction, and proved the Porter hypothesis. Yin
et al. (2019) studied the carbon emissions of 23 provinces and
cities in China, proved that green credit can effectively reduce
carbon emissions intensity, and explained the transmission
path of green credit and related regional differences. An et al.
(2020) found the best solution between green credit financing
and traditional trade credit under the condition of ensuring
carbon emissions. Zheng (2021) analyzed the internal
mechanism between green credit and carbon emissions
based on a panel vector autoregression model and revealed
that the former has a significant inhibitory effect on the latter.
Wu et al. (2022) found that green credit can effectively impact
carbon emissions, and discussed the endogeneity and

frontiersin.org
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influence path between them through systematic generalized
method of moments (GMM). Wang and Huang. (2022)
conducted analysis based on the PSTR and SDM models
and found that green credit would reduce carbon emissions
on the whole.

In recent years, to better protect the environment and achieve
sustainable development, the concept of green finance has been
posited. Green finance entails providing funds for environment-
friendly enterprises from the perspective of financial institutions,
and green credit is an important part of such finance. The impact
of green credit is not just about guiding economic activity, it also
has the attribute of policy orientation. Specifically, green credit
can direct capital to environmentally friendly enterprises and
help them upgrade technology and increase the scale of their
industries. Green credit can also eliminate the backward
production capacity of high-polluting enterprises, forcing
enterprises with high pollution and high energy consumption
to upgrade technology, adjust the industrial structure, and
gradually transition to low-carbon enterprises. Therefore, the
improvement of green credit level can effectively relieve
environmental pressure and reduce carbon emission level.

Therefore, this study formulates the following hypothesis:

H2: there is a negative correlation between carbon emission
and green credit.

2.3 High-quality economic development,
green credit, and carbon emissions

In 2020, China first proposed that it would increase its
national contribution, adopt more favorable policies and
measures, strive for peak carbon dioxide by 2030, and strive
for carbon neutrality by 2060. Reducing carbon emissions has
become the focus of government and scholars. Based on the
Porter hypothesis, Ariga. (2002) and Soretz. (2003) argued that
environmental quality improvement or environmental
regulation change could play a guiding role in economic
development through green credit and production technology
update. Cowan. (1999) examined the relationship between
environmental quality and the amount of financial investment
and found that the latter would have a direct impact on the
environment. The increase of financial investment would reduce
thus

environmental protection. Yin et al. (2019) studied emissions

corporate pollution and achieve the purpose of
reduction and determined the transmission path of green credit
and related regional differences. Green credit can play a positive
role in carbon emissions reduction through the transmission
path of R&D investment of high-tech enterprises. Economic
development has a significant impact on carbon emissions,
and high-quality economic development can have an indirect
effect by influencing green credit. Zeng (2021) investigated the
relationship between green investment, carbon emissions, and

high-quality economic development through the spatial Durbin
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model, revealing that green investment presents a “U-shaped”
nonlinear relationship with high-quality economic development
and an “inverted U-shaped” trend with carbon emissions.
According to the literature review, green credit can achieve
economic  development while ensuring environmental
high-quality

development. The increase of green credit can also play a

protection, so as to achieve economic

positive role in reducing carbon emissions through the
path of R&D high-tech
enterprises. Scholars have also revealed that high-quality

transmission investment in
economic development has a significant impact on carbon
emissions. In summary, this study argues that green credit
plays a regulating role in the impact of high-quality economic
development and carbon emissions, but the direction of the role
is unclear and needs further verification.

Therefore, this study develops the following hypothesis:

H3: There is a moderating effect between green credit and
high-quality economic development in reducing carbon

emissions.

3 Model setting and data description
3.1 Model construction

3.1.1 Model setting based on spatial panel
regression

Urban development in China is often characterized by
balanced and unbalanced development, and in areas with
high-quality economic development, green credit and
exhibit
phenomenon, which is characterized by strong spatial

carbon  emissions often an  agglomeration
agglomeration. Therefore, to better examine the impact of
high-quality economic development and green credit on
carbon emissions better, this study introduces a spatial
econometric model. According to the test results, the
spatial Durbin model is adopted, and the specific model

Settings are as follows:

CEN,‘[ = PWiCENitfl + ﬁlWiHQEit + ﬂZWiEPEit + ﬂSW,‘RDEi[
+B4WiURB,‘t + ﬁSW,'VTIt tuty tey
€ir = AWie + vy
1
CEN,‘t = PWiCENitfl + ocIW,-GCT,-, + (XzWiEPE,‘t + “3W,’RDE”
+(X4W1'URB” + (XsW,‘VTIt +u; + VA + €t
€it = AW,E,} + Vit

2

Where CEN is carbon emissions, GCT is green credit, EPE is
environmental protection investment, RDE is R&D expenditure
of industrial enterprises above a designated size, URB is
urbanization level, and VTI is value-added of secondary
industry. u; represents individual effect, y; is time effect, p is
spatial regression coefficient, A is spatial autocorrelation
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TABLE 1 Index system of high-quality economic development.

Dimension

Innovative
development

Harmonious
development

Green development

Open development

Shared development

Sub-index

Innovation input

Innovation output

Regional coordination

Urban-rural coordination

Industrial harmony

Investment and
consumption coordination

Green production

Green living

Trade openness

Opening-up in investment

Benefit sharing

Financial Shared

Frontiers in Environmental Science

Basic indicators

Research and development
investment level

Level of researcher involvement
No. of patents granted per capita

Percentage of technology market
turnover

Regional income ratio

Regional consumption ratio

Regional income ratio

Urban-rural consumption ratio

Urban and rural fixed asset
investment ratio

Advanced industrial structure

Rate of investment

Consumption rate

Investment consumption ratio
Energy consumption per unit output

Exhaust gas emission per unit of
industrial added value

Discharge of wastewater per unit of
industrial added value

Waste discharge per unit of industrial
added value

Domestic rubbish disposal
No. of nature reserves
Area of nature reserve
Forestry area

Forest coverage rate

Spending on environmental
protection

Opening-up in investment

Proportion of foreign direct
investment

Number of public Libraries
Per capita expenditure on education

Per capita financial expenditure on
medical and health care

No. of doctors per 10,000 people

No. of hospitals and health centers
per 10,000 people

Per capita social security expenditure

Financial depth

Financial breadth
Insurance penetration

Width of insurance

05

10.3389/fenvs.2022.992518

Calculation method

R&D expenditure/Regional GDP

Full-time equivalent of R&D personnel/Number of employed
Number of patents granted/Resident population

Technology market turnover/R&D investment

Per capita disposable income of provincial residents/Per capita
disposable income of national residents

Per capita annual consumption of provincial residents/Per
capita annual consumption of national residents

Per capita annual disposable income of urban and rural
residents

Per capita annual consumption of urban and rural residents

Ratio of fixed asset investment between urban and rural
residents

Output value of tertiary industry/Output value of secondary
industry

Fixed asset investment/Regional GDP
Consumer spending/Regional GDP

Fixed asset investment/Consumer spending
Standard coal consumption/regional GDP

Industrial exhaust emissions/total industrial output value

Industrial wastewater discharge/total industrial output value

Industrial waste discharge/Total industrial output value

Harmless treatment rate of household garbage
Number of nature reserves

Area of nature reserve

Forestry area

Forest coverage rate

Spending on environmental protection

Total imports and exports/Regional GDP
Total utilized FOREIGN capital/Regional GDP

Number of public Libraries
Education expenditure/Number of students enrolled

Financial expenditure on health care/Resident population

Number of doctors per 10,000 people
Number of hospitals and health centers per 10,000 people

Social security expenditure/Resident population

(Deposits of financial institutions + loans of financial
institutions)/Regional GDP

Value-added of financial industry/Regional GDP
Premium income/Regional GDP

Premium income/National premium income

Attribute
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coefficient, ;- -asis a regression coefficient, B,---Bsis a
regression coefficient, Wiis spatial weight matrix, ande; and
viare error terms.

To investigate the nonlinear relationship between high-
quality economic development and green credit and carbon
emissions in more detail, the semi-parametric spatial lag
model is set as follows:

CEN; =8 W,CEN}, + g(HQE;) + B,EPE, + B,RDE;
J#
+B,URB;; + B VT +ui +y; + v

(3)
CEN;, =0 Z W,CEN;_; + 0,9 (GCT}) + &, EPE;; + a3RDE;;
i
+asURB;; + asVTI +u; +y, + €
(4)

4 is the space lag utility coefficient, and g (HQE;;),g (GCT})is the
non-parametric par, u; represents individual effect, y; is time
effect, and v;is error term. By taking the partial derivative of this
equation, the nonlinear relationship between high quality
economic development and green credit on carbon emission
is obtained.

3.1.2 Model setting based on mediation effect
The moderating effect model is introduced to explore the

impact of green credit on carbon emissions in high-quality

economic development. The model is shown in Equation 5:

CENy = 6y + BHQE x GCT + 6, HQE;; + 6,GCT + 8;EPE;, + §4RDE;
+0sURB;; + 86 VT L + u; + y; + vy

(©)

Where f3, a; - - aisis regression coefficient, u; represents individual
effect, y; is time effect, and vyis error term.

3.2 Variable selection

3.2.1 Measurement of the level of high-quality
economic development

This study adopts high-quality economic development as an
explanatory variable to examine its impact on green credit and
carbon emissions. Regarding the selection of indicators for high-
quality economic development, this study refers to the methods
of Liang et al. (2008), Wang and Li. (2019), Zhang and Lin.
(2022), Shen et al. (2022), among others. A total of 35 basic
indicators were selected from the five dimensions of innovative,
coordinated, green, open and shared development to measure the
level of high-quality economic development. Specific indicators
are presented in Table 1.

3.2.2 Explained variables

Green credit and carbon emissions are taken as explained
variables. Data on green credit are relatively easy to obtain, while
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there is no official data on carbon emissions. The consumption
and combustion of fossil energy are the main sources of carbon
dioxide emissions, so the measurement of generally adopts the
coefficient or material balance method. In this paper, carbon
emission level is measured by carbon emission coefficient

methods, and the formula is as follows: Q = Y E; x SC; x CF;.
i=1

Where Q is the total carbon emission,E; is the energy
consumption of the i energy, SC; is the conversion coefficient
of standard coal,CF; is the carbon emission coefficient of the i
energy. The carbon emission coefficient and standard coal
conversion coefficient come from China Energy Statistical
Yearbook.

3.2.3 Control variables

To ensure the accuracy of empirical results, it is necessary to
control the interference of some variables. Based on relevant
studies by Zeng (2021), Hong and Wu. (2022), and Qi et al.
(2022), the
Environmental protection investment, R&D expenditure of

following control variables are selected:

industrial enterprises above a designated size, urbanization
level, and value-added of secondary industry.

(EPE), is the
investment level of environmental protection industry as a

Environmental protection investment
direct impact on the development of such industry. In
industrial upgrading,

and environmental protection have

promoting structure technological

progress important
significance. The higher the investment level of environmental
protection industry, the more the level of carbon emissions
reduced. Therefore, environmental protection investment
plays an important role in the impact of carbon emissions.

The R&D expenditure (RDE): of industrial enterprises above
a designated size has a direct impact on the development of
enterprises. Such expenditure often brings technological
upgrading to enterprises, reduces pollution, and production
costs, and thus reduces carbon emissions.

Urbanization level (URB): The report of the 19th CPC National
Congress highlights that China’s economy has shifted from a stage of
high-speed growth to that of high-quality development, and
urbanization is the way to such development. Urbanization level is
related to the development level of a region, and it can predict the
development of the economy and enterprises. Cities with a high level
of urbanization tend to have developed to a certain extent, with fewer
high-polluting enterprises and relatively low carbon emissions. Cities
with a low level of urbanization have a low level of development, and
their development mainly depends on highly polluting industries,
increasing their carbon emissions level. Therefore, the level of
urbanization is an important factor affecting carbon emissions.

Value-added of secondary industry (VTI): The secondary
industry represents the level of industrial development, which is
mainly based on the use of large amounts of fossil energy.
Therefore, when the value-added of the secondary industry is

large, more fossil energy is often required; when the value-added
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TABLE 2 Variable definition.

Variable name Variable meaning

CEN Carbon emission

HQE High-quality economic development

GCT Green credit

EPE Investment in environmental protection

RDE R&D expenditure of industrial enterprises above designated size
URB Urbanization level

VTI Value-added of the secondary industry

is small, the use of fossil energy is often reduced. Therefore, the
value-added of the secondary industry is taken as the control
variable.

All variables are presented in Table 2

3.3 Model introduction of improved
entropy weight method

When measuring the economic high-quality development
index, this paper study follows Jiang et al.(2020,2022) and Wang
et al. (2021) to calculate it using the improved entropy weight
method:

Assuming that m provinces are selected to measure their
economic high-quality development index, n basic indicators are
selected, then the Jth indicator of the ith province is x;;.
Therefore, the matrix of basic indicators of economic high-
quality development index is constructed, the positive and
negative indicators are processed, and the standardized matrix

is obtained using the following formula: r;;,0<r;; <1

X1 Xn1
X = (i), = ®)
Xm1 Xmn mn
X;j — min x;; . . TR
—2 Y if x;; isa positive index
max x;; — min x;; ©)
rj=1 == 9
K maxx; — X;; .. . .
- if x;; is a negative index
max xij — min x,-]-

2) Calculate the normalization matrix y;; and the proportion of
the Jth indicator in the ith province p;;:

Xis
& if x;; is a positive index
m
2
S
=Y
Yii =7 1 (10)
/xij if x;; is a negative index
m 2 v &
5(s)
b,’j =ri+ 0.0001 (11)
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Construction method

Fossil energy consumption times the carbon emission factor

Index construction

Amount of green credit

Logarithm of environmental spending

Logarithm of R&D expenditure of industrial enterprises above designated size
Ratio of urban population to total population in each province

Logarithm value-added of secondary industry

(12)

3) Calculate the entropy value Hjand the coefficient of
difference, and calculate the entropy weight coefficient of
the Jth indicator G;:

Hj=- ln(m) ZPulnPw =L2,n (13)
Gj=1—Hj,j=1,2,---,n (14)
G +01- 3G, 1—Hj+0.1.i(1—Hj)
wj = n len = n =
2<Gj+o.1-sz> z<1—H +0.1- 2(1— ))
j=1 j=1 j=1 j=1
(15)

4) Calculate the positive and negative ideal solutionsV*,V~, then
the positive and negative ideal solutions of the Jth index can

be expressed as v; and v;:
W1y @nY1p
V()= 0o (16)
wl))ml ’ w")’mn
Vi = max{vij|i =1,2, ,m} (17)
v = min{vij|i =1,2, ,m} (18)
5) Euclidean distance is calculated as sfand s;:
si = \Z(Vij - V})z i=1,2-m (19)
i1
< 2
5 = \Z(Vij - v;.) i=1,2,m (20)
i1

6) Calculate the high-quality economic development index of
different provinces in China HQE;:
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TABLE 3 Descriptive statistics of variables.

Definition Variable Sample Mean Standard deviation Minimum Maximum
Carbon emission CEN 406 330.524 224720 21.700 1161.850
High-quality economic development index HQE 406 0.444 0.056 0.273 605

Green credit GCT 406 176.884 191.898 4.020 891.76
Spending on environmental protection EPE 406 1.976 0.339 0.726 2.873

R&D expenditure of industrial enterprises above designated size =~ RDE 406 6.298 0.604 4.415 7.491
Urbanization level URB 406 61.797 56.163 28.240 89.600
Added value of the secondary industry VTI 406 3.822 0.437 2.450 4.776

TABLE 4 High-quality economic development index of provinces and cities in China.

Region 2007 2007-2015 2016 2017 2018 2019 2020
Beijing 0.526 — 0.562 0.563 0.569 0.583 0.571
Tianjin 0.419 — 0.513 0.505 0.508 0.512 0.504
Hebei 0.368 — 0.450 0.454 0.467 0.476 0.465
Shanxi 0.307 — 0.406 0.392 0.409 0.411 0.413
Inner Mongolia 0.382 — 0.466 0.463 0.483 0.479 0.487
Liaoning 0.399 — 0.457 0.444 0.463 0.461 0.460
Jilin 0.400 — 0.456 0.454 0.479 0.485 0.466
Heilongjiang 0.410 — 0.491 0.499 0.505 0.513 0.505
Shanghai 0.497 — 0.517 0.528 0.515 0.510 0.498
Jiangsu 0.434 — 0.503 0.506 0.508 0.515 0.514
Zhejiang 0.469 — 0.529 0.531 0.540 0.547 0.541
Anhui 0.357 — 0.444 0.449 0.453 0.469 0.463
Fujian 0.439 — 0.496 0.499 0.500 0.508 0.500
Jiangxi 0.383 — 0.465 0.467 0.474 0.482 0.473
Shandong 0.414 — 0.472 0.472 0.483 0.487 0.484
Henan 0.381 — 0.462 0.463 0.477 0.484 0.474
Hubei 0.379 — 0.479 0.482 0.485 0.497 0.484
Hunan 0.383 — 0.479 0.484 0.485 0.498 0.492
Guangdong 0.462 — 0.539 0.558 0.580 0.606 0.579
Guangxi 0.360 — 0.462 0.456 0.472 0.480 0.475
Hainan 0.372 — 0.454 0.456 0.448 0.459 0.457
Chongging 0.363 — 0.467 0.467 0.461 0.471 0.474
Sichuan 0.415 — 0.493 0.501 0.509 0.519 0.509
Guizhou 0.274 — 0.407 0.416 0.420 0.435 0.423
Yunnan 0.385 — 0.465 0.470 0.471 0.480 0.471
Shaanxi 0.357 — 0.466 0.468 0.467 0.483 0.479
Gansu 0.315 — 0.365 0.412 0.410 0.412 0.404
Qinghai 0.365 — 0.450 0.463 0.452 0.427 0.438
Ningxia 0.304 — 0.414 0.414 0.410 0.414 0.413
HQE =~ i=1,2m oy 4 Empirical analysis

+
i i

4.1 Data selection and processing
The higher the value of HQE;, the higher the level of high-
quality economic development; the lower the value, the lower the This study mainly selects panel data of 29 provinces,
level of high-quality economic development. autonomous regions, and municipalities in China from
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FIGURE 1

Economic quality development index of provinces and cities in China.

2007 to 2020, except Xinjiang, Tibet, Hong Kong, Macao, and
Taiwan, as the research object. The data sources are China
Statistical Yearbook, China Energy Statistical Yearbook and
Windy Database. Some missing data were supplemented using
the trend supplement method. The descriptive statistical results
of the data are reported in Table 3.

4.2 Measurement of high-quality
economic development index

Through the 35 basic indicators selected from the dimensions
of innovative, coordinated, green, open and shared development,
the improved entropy weight method is used to calculate the level
of high-quality economic development. The specific results are
presented in Table 4 and Figure 1.

As can be seen from Table 4 and Figure 1, there is an obvious
gap in the level of high-quality economic development among
provinces and cities. Taking 2020 as an example, Guangdong
Province has the highest quality economic development level of
0.579, Beijing ranks second with 0.571, and Zhejiang Province
ranks third with 0.541. The three provinces and cities with the
lowest level of high-quality economic development are Ningxia,
which are 0413, 0413 and

Shaanxi and Gansu,

0.404 respectively.
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By analyzing the economic quality development level from
the geographical position, the eastern region has a high level of
economic quality development at the beginning, and it keeps
increasing over time. The high-quality economic development
level in the central region ranks in the middle level in China, and
the region also has a good growth rate. However, the
development level of high-quality economy in western China
is often low, and with the passage of time, the growth rate is slow.
In general, the gap of the national economic high-quality
development index is obvious, and the ranking of regional
economic high-quality development often shows the trend of
eastern region > central region > western region.

4.3 Spatial econometric regression results

4.3.1 Spatial autocorrelation test

When regression is carried out through spatial econometrics,
it is often necessary to determine whether there is a spatial
spillover  effect, that whether spatial
autocorrelation. The Spatial autocorrelation test is generally
tested via Moran’s index. When the index is greater than 0, it
indicates that there is a positive spatial correlation between
adjacent areas. When it is less than 0, the indicates that the
adjacent areas have negative spatial correlation. As presented in

is, there is
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TABLE 5 Global Moran's index of high-quality economic development.

Year High-quality economic development
2007 0.267***(2.471)
2008 0.278**4(2.546)
2009 0.190"*(1.827)
2010 0.138"+(1.424)
2011 0.248"(2.311)
2012 0.236"**(2.186)
2013 0.194*+(1.857)
2014 0.200%"*(1.903)
2015 0.174"+4(1.687)
2016 0.205***(1.970)
2017 0.175*

(1.712)
2018 0.096*

(1.536)
2019 0.105*

(1.460)
2020 0.087*

(1.513)

Table 5, all the Moran indices from 2007 to 2020 are positive and
all pass the significance test, indicating that there is a significant
spatial autocorrelation between the high-quality economic
development level, green credit, and carbon emission of
provinces and cities in China. Therefore, the relationship
between them can be investigated through spatial econometrics.

As can be seen from Figure 2-4, there is a significant positive
correlation between the high-quality economic development,
green credit, and carbon emissions of Chinese provinces and
cities. In 2020, the spatial correlation is still positive, but the
positive correlation is significantly weakened. The possible
reason is that the outbreak of COVID-19 in 2020 caused
lockdowns in some cities and increased access restrictions in
various regions, thereby weakening the spillover effect between

regions.

4.4 Main regression analysis

For the selection of spatial weight matrix, 0-1 matrix is
selected. If two provinces are adjacent, it is 1, otherwise 0.
Conventional spatial econometric models include spatial error
model, spatial lag, and spatial Durbin models. To determine
which spatial econometric model to use, this study conducts LR,
LM, Wald, Hausmann and joint significance tests. The results are
shown in Table 6.

For the influence of high-quality economic development on
carbon emissions, the p-value of R-LM(LAG) is 0.262, and other
variables are significant. Therefore, the spatial error model can be
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Green credit Carbon emission

0.232°* (2.349 0.188** (1.826
0.193* (0.031
0.178** (0.041
0.167** (1.647
0.156* (1.546)
0.160* (1.586)
0.164* (1.616)
0.176** (1.713
0.199** (1.910
0.175** (1.707
0.174** (0.169

0.239°* (2.393
0.233°* (2.324
0.233** (2.324
0.227** (2.263)
0.246* (2.419
0235 (2.312
0.254*** (2.457
0.255*** (2.470
0.219** (2.147)
0.205** (2.003)

) )
) )
) )
) )

)
)
)
)

)
)
)
)

0.167** (1.662) 0.173** (1.691)

0.205** (2.003) 0.172** (1.684)

0.167** (1.662) 0.171** (1.677)

used for preliminary prediction. Subsequently, LR and Wald tests
revealed that both were significant, making the spatial Durbin
model snecessary. The LM and LR tests choose different models,
but the spatial Durbin model has a more general form than the
spatial error and spatial lag models. Therefore, the spatial Durbin
model should be used. The Hausmann test and joint significance
tests indicate the spatial Durbin model with time and individual
double fixation should be selected.

In terms of the influence of green credit on carbon emissions
is studied, the p-value of R-LM(LAG) is 0.115, and the other
variables are significant, so the spatial error model can be used for
preliminary prediction. Subsequently, LR and Wald tests found
that both were significant, so the spatial Durbin model should be
used. Because LM test, LR test and LR test choose different
models, but the spatial Durbin model has more general form than
the spatial error model and spatial lag model. Therefore, the
spatial Durbin model should be used. The Hausmann and joint
significance tests indicate the spatial Durbin model with time and
individual double fixation should be selected.

To solve the result bias caused by data endogeneity, the first-
order lag dynamic spatial model is used to examine the impact of
high-quality economic development and green credit on carbon
emissions. The specific results are reported in Table 7, and the
following conclusions can be drawn.

When studying the impact of high-quality economic
development on carbon emissions, when the level of high-
quality economic development is increased by 1%, carbon
emissions will be reduced by 258.554% with a T-value of
99.660, which is significant at the level of 1%. Therefore,
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TABLE 6 Test results of spatial econometric model.

Statistics Model (1)
Statistics
Moran’s I 4.743%*%
LM(error) 354.023%%¢
R-LM(error) 252367
LM(lag) 102.914*+*
R-LM(lag) 1.258
Wald_lag 76.020%*
Wald_error 69.400%%*
LR_lag 68.600***
LR_error 63.870%**
Hausmann 34.120%%*
Combined significance test (ind) 33.820%%¢
Combined significance test (time) 978.890*%*

TABLE 7 Regression results of the impact of high-quality economic
development and green credit on carbon emissions.

Variable Model (1) Model (2)
L.CEN (-1) 0891+ 0.879*%*
(0.026) (0.025)
HQE ~258.554%%¢
(99.660)
GCT ~18.698*
(11.619)
EPE 3.426 6.751
(12.052) (20.225)
RDE ~17.229 ~18.344
(18.972) (19.824)
URB 24350 228744
(0.772) (0.782)
VTI ~41.268 -67.529
(35.522) (58.069)
Spa-rho 0.077* (0.044) 0.110*
(0.043)
R2 0.904 0913

such development is negatively correlated with carbon
emissions and can effectively reduce carbon emissions. Thus,
hypothesis H1 is validated. In the control variables, if the
urbanization level increases by 1%, carbon emissions will
increase by 2.435%, which is significant at the 1% level.
Therefore, urbanization is positively correlated with carbon
emissions. The higher the urbanization level, the higher the
level of carbon emissions. The lower the level of urbanization,
the lower the carbon emissions. The reason may be that the
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Model (2)

P Statistics P

0.000 4454 0.000
0.000 3011574 0.000
0.000 215,627+ 0.000
0.000 88.019%** 0.000
0.262 2490 0.115
0.000 33.040%* 0.000
0.000 32470 0.000
0.000 35.190%* 0.000
0.000 350,130 0.000
0.000 21.880* 0.057
0.000 45.700%** 0.000
0.000 878.660*** 0.000

improvement of urbanization level comes at the expense of
industrial development, which will greatly increase carbon
emissions.

When studying the impact of green credit on carbon
emissions, we can find that if the level of green credit
increases by 1%, green credit will decreases by 18.698% with a
T-value of 11.619, which is significant at the 1% level. Therefore,
there is a negative correlation between green credit and carbon
emissions. The higher the green credit, the lower the carbon
emissions, and the lower the green credit, and vice versa. Thus,
hypothesis H2 is tested. Among the control variables. There is a
negative correlation between urbanization level and carbon
emissions. When urbanization level increases by 1%, green
credit increases by 2.287%. The results of urbanization level
on carbon emissions are similar to those of model (1), hence,
increasing urbanization increases carbon emissions.

4.5 Effect analysis

4.5.1 Spillover effect study

The spatial spillover effects of the two models are reported in
Table 8. According to the results of Model (1), the direct effect of
high-quality economic development on carbon emissions
is —270.926, and the total effect is 391.261. Both are
significant at the 1% level, but the indirect effect is not
significant, indicating that high-quality economic development
reduces carbon emissions through the direct effect. Carbon
emissions reduction targets cannot be achieved through
regional spillovers.

From the results of Model (2), the direct effect of green credit on
carbon emissions is -20.546, and the total effect is -48.822, both of
which are significant at the 10% level, but the indirect effect is not
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TABLE 8 Decomposition of spatial spillover effects of high-quality economic development and green credit on carbon emissions.

10.3389/fenvs.2022.992518

Variable Model (1) Model (2)
Direct effect Indirect effect Total effect Direct effect Indirect effect Total effect
HQE ~270.926**(89.976) ~120.333 (165.510) ~391.261**(185.594) ~20.546** (9.911) ~28.276 (23.141) —48.822% (25.964)
EPE 4.791 (13.103) 20.987 (20.430) 25.779 (20.345) 8.283 (12.662) 27.069 (20.783) 35.352 (21.728)
RDE —15.984 (20.989) 2.751 (33.914) —13.232 (40.374) -17.161 (21.952) —3.036 (34.699) —20.198 (42.500)
URB 2.328%% (0.874) 0.286 (1.349) 2.615% 2.170** (0.880) 0.358 (1.302) 2.529 (77.252)
(1.498)
VTI -37.809 (37.012) —-14.701 (72.690) —-52.511 —-64.640 7.337 (7.337) —-56.629 (122.306)
(76.385) (42.954)
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significant. This indicates green credit can reduce carbon emissions
through the direct effect, but cannot achieve the goal of reducing these
through the regional spillover effect.
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Partial plot of influence of high-quality economic

development on carbon emissions.
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Partial derivative of influence of green credit on carbon
emissions.

4.5.2 Study on nonlinear effects

From Figure 5, the partial plot of carbon emissions from
high-quality economic development presents an “inverted U”
nonlinear relationship. When the level of high-quality economic
development is below 0.5, such development can reduce carbon
emissions. When the level is 0.5-0.56, it will increase carbon
emissions, but when the level exceeds 0.56, it will reduce carbon
emissions. In general, high-quality economic development
promotes carbon emission reduction in most of the time, but
the effect of such development on carbon emissions reduction is
gradually decreasing.

From Figure 6, there is an n-type nonlinear relationship
between green credit and carbon emissions. Increasing green
credit will reduce carbon emissions, but the reduction effect on
carbon emissions will be greatly reduced. Overall, the increase of
green credit has a positive effect on reducing carbon emissions.

4.5.3 Analysis of moderating effect

To further explore the influence of high-quality economic
development and green credit on carbon emissions, the green
credit is taken as a regulating variable regression. The regression
results are reported in Table 9, The coefficients of high-quality
economic development and green credit are -551.395 and -0.896,
and the t values are 206.731 and 0.211, respectively, which are
significant at the 1% level. Thus, high-quality economic
development and green credit can effectively reduce carbon
emissions. Further, economic development and high-quality
green cross terms of the credit, high quality and economic
development and there are certain substitution effect between
green credit. In areas with high-quality economic development,
the effect of green credit on carbon emissions will be reduced; in
areas with low quality economic development, green credit has a
better effect on carbon emissions. Thus, H3 is proved.
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TABLE 9 Regulatory effect result.

Variable Model (5)

HQE —551.395°* (206.731)
GCT ~0.896"* (0.211)
HQE*GCT 2,024 (0.407)

EPE 49.261** (23.722)
RDE ~65.891 (40.122)
URB 14.332* (1.350)
VTI 10.886 (52.408)
_cons 36.545 (139.322)

R2 0.700

TABLE 10 Spatial measurement results based on geographical
distance weight matrix.

Variable Model (1) Model (2)

L.CEN (-1) 0.880*+ 0.872%%* (0.026)
(0.026)

HQE ~269.674*%*
(97.307)

GCT ~19.696* (12.166)

EPE 6.048 8.249 (11.820)
(11.413)

RDE ~11.502 -10.579 (20.583)
(19.923)

URB 2,660 2,368 (0.754)
(0.749)

VTI -38.285 ~74.568 (39.637)
(34.118)

Spa-rho 0.076* (0.043) 0.1624

(0.043)
R2 0.904 0915

4.6 Robustness test

The robustness test is carried out by changing the weight matrix,
and the 0-1 matrix used above is replaced by the geographical
distance matrix (latitude and longitude). The spatial measurement
results of changing the weight matrix are presented in Table 10.
High-quality economic development and green credit can effectively
reduce carbon emission levels, both of which are significant at the
10% level. From the numerical viewpoint, the result of transforming
the spatial weight matrix is similar to the unchanged result, with only
a small range of numerical changes. Therefore, the spatial
measurement results are robust.

Figures 7, 8 are the partial maps of the influence of high-
quality economic development and green credit on carbon
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Partial derivative diagram of influence of green credit on
carbon emissions.

emissions, respectively,when the spatial weight matrix is
changed. The results in the figure are basically consistent with
the previous two partial maps, indicating that changing the semi-
parametric hysteresis model of the spatial weight matrix does not
change the empirical results. Therefore, the spatial lag model
presented herein is robust.

5 Discussion and conclusion

Based on the spatial econometric and moderating effect
models, this study examines the relationship between high-
quality economic development, green credit, and carbon
emissions in China. The empirical results indicate that there is
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a significant spatial autocorrelation between these elements. At
the same time, high-quality economic development and green
credit can effectively reduce carbon emissions. Even if the weight
matrix is changed, the results still hold, thus proving HI and H2.
This study further discusses high-quality economic development
and green credit in terms of the nonlinear influence of carbon
emissions. The results reveal an “inverted U” type of nonlinear
relationship; when quality and economic development are
continuously improved, carbon emissions will increase in a
short period of time, but with the constant improvement,
high-quality economic development will also increase the
inhibitions on carbon emissions. There is an n-type nonlinear
relationship between green credit and carbon emissions. At the
same time, green credit always inhibits carbon emissions, but
with the continuous development of green credit, the inhibitory
effect on carbon emissions is weakening. Finally, this study
examines green credit as a regulating variable quality and
economic development impact on carbon emissions. Green
credit and high-quality economic development can reduce
carbon emissions, but the cross term is positive, proving the
existence of the substitution effect among high-quality green
credit and economic growth; namely, the higher the quality and
economic development of the region, the less the effect of the
green credit of reducing carbon emissions. In regions with a good
economy and low quality development, the effect of green credit
on reducing carbon emissions will be stronger, verifying H3.
Therefore, this study puts forward the following two suggestions:

First, it is necessary to give full play to the positive spillover
effect of high-quality economic development between various
regions, build a complete high-quality economic development
system, change the growth model, improve the economic
structure and shift the drivers of growth. At present, it has
been a short time since China proposed high-quality
economic development. As the level of such development is
still low, it is far from meeting China’s development
expectations. In this case, each region is striving to improve
this through the linkage of various regions and complementary
advantages, so as to achieve the goal of reducing carbon
While the
development, regions with high economic quality and high

emissions. improving quality of regional
development should actively make use of location, technology
and other means to gradually form regional collaborative
development. At the same time, such regions should actively
share relevant experience, so that the regions with weak
development can avoid potential issues to achieve high-quality
economic development as soon as possible, and finally achieve
the goal of reducing carbon emissions. People from areas with a
good economy and low quality development should visit areas
with high-quality economy and development to observe their
development mode and advanced technology.

Second, improve the green credit system, increase green
credit funds, and promote green development. Full play

should be given to the role of financial institutions in the
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allocation of green credit and green credit investment should be
optimized. Financial institutions should play a leading role in the
green credit process, but green enterprises have a long
production cycle and face significant risks. For green credit to
play a better role in optimizing the industrial structure and
reducing carbon, financial institutions should clarify the
approval standards of green credit and strengthen the
supervision and management of new color credit. The
government should also enhance financial institutions’
enthusiasm to participate by establishing risk guarantee and
innovation incentives, so as to realize the continuous increase
of green credit, facilitate the low-carbon transformation of the
real economy, and finally achieve the goal of reducing carbon
emissions.

This study adopts the spatial econometric method to
examine the linear and nonlinear effects of high-quality
economic development and green credit on carbon
emissions, and also investigates the coordination effect
between them. However, this study has the following
limitations: (1) spatial factors are not included in the
analysis of the coordination effect, and the relationship
between high-quality economic development and green
credit on carbon emissions is not taken into full
consideration. (2) The theoretical analysis is not sufficiently
thorough. We also need to further expand the previous research
results in the field to provide more favorable theoretical support
for our own research. (3) The relationship between high-quality
economic development, green credit, and carbon emissions
needs to be further clarified. As future research, we aim to
revise and improve upon the current study.
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