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Abstract: China attaches importance to the combination of credit policy and environmental protection,
tries to use credit policy tools to protect ecology and pollution prevention, and prevent environmental
credit risk. With the proposal of the goal of “carbon peak and carbon neutralisation” (“double
carbon”), green credit is also regarded as an important policy tool to achieve this goal. Firstly, this
paper selects the time series data of green credit at the national level from 2013 to 2019 according
to the official statistics and evaluates the coupling and coordinated development of credit system
and environmental system based on the coupling coordination model. The results show that the two
systems show well-coordinated development, but the interaction has annual fluctuations. Secondly,
by calculating the provincial carbon emissions and green credit panel data from 2005 to 2019, the
dynamic internal mechanism is analysed based on Panel Vector Autoregression (PVAR) model.
It is found that green credit has a significant inhibitory effect on carbon emissions. The research
results of this paper provide an overall evaluation of the quantity and quality of green credit for
China’s banking industry. It also provides reasonable and effective support for green credit as a
policy tool to promote realising the “double carbon” goal. In addition, China should maintain
the consistency, stability and durability of green credit policy and continue to contribute to the
low-carbon transformation of the economy and society.

Keywords: green credit; carbon emissions; coupling coordination model; PVAR model

1. Introduction

Global warming is related to human survival and development. The International En-
ergy Agency (IEA) points out in its report that to limit the global temperature rise to 1.5 °C
of “safety”, the net-zero targets have to quickly turn into real-world action. In 2020, at the
General Debate of the 75th Session of the United Nations General Assembly, China clearly
put forward the goals of “carbon peak” and “carbon neutralisation” (“double carbon”).

On the other hand, finance has the function of resource allocation. The development
of green finance is also regarded as an important path to achieve sustainable economic and
environmental development. Existing studies have summarised and classified the green
financial and monetary policies of countries and regions worldwide, divided into three
forms: neoliberal forms, reformist forms, and progressive forms [1]. China’s green finance
focuses on energy conservation, pollution prevention and control, resource conservation
and recycling, clean transportation, clean energy, ecological protection and climate adapta-
tion. Because China’s financial system is dominated by indirect financing, the green credit
policy is also the earliest and relatively important green financial policy [2]. In fact, China’s
use of credit policy to carry out environmental protection can be traced back to the notice
on implementing credit policy and environmental protection issued by the People’s Bank
of China in 1995. The notice requires banks to consider ecological protection and pollution
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prevention when making loans so as to promote the coordinated development of the econ-
omy and environmental protection. In 2007, the Ministry of Ecology and Environment of
the People’s Republic of China (Appendix A), the People’s Bank of China and the former
CBRC jointly issued the opinions on implementing environmental protection policies and
regulations to prevent credit risks, emphasising the prevention of credit risks caused by
environmental pollution. However, due to the vague details and unclear implementation
standards of China’s green credit policy at this stage, the policy effect has not been brought
into full play [3]. It was not until 2012 that the former CBRC formulated the green credit
guidelines to raise the green credit work to a strategic level that the scale of green credit
in China began to grow rapidly. After years of improvement, China has established a
relatively complete green credit system framework and carried out special statistics for
many years. According to the data released by the People’s Bank of China, by the end of
September 2021, the green credit balance of 21 major banking institutions in China had
reached 14.08 trillion yuan, an increase of more than 21% over the beginning of the year.
The annual carbon dioxide emission reduction is expected to exceed 700 million tons. In the
practice of green credit in China, financial institutions not only guide capital investment
and promote industrial structure adjustment by increasing loans for green industries and
reducing the credit scale of high energy-consuming industries but also meet the credit
needs of traditional energy users for energy conservation, emission reduction and tech-
nological innovation. Relevant studies also analyse the impact of financial development
on environmental protection. It is empirically found that there is an inverted U-shaped
relationship between financial development, carbon emission and energy consumption. It
is believed that when economic and financial development reaches a higher level, it can
inhibit carbon emission [4-13]. Further focusing on the impact mechanism of green credit
on carbon emission, Zhang et al. [14] believe that green credit can inhibit carbon intensity
by promoting industrial structure upgrading, technological innovation and signal effect.

However, the above analysis mainly considers the unilateral impact of green credit
on carbon emissions or finance on the environment, but fewer analyses the credit system
and environmental system in a unified framework. Actually, the pressure on financial
institutions is also increasing day by day. There are strict capital investment restrictions on
green credit. According to the latest statistical calibre of the China Banking and Insurance
Regulatory Commission, green loans should be invested in green industries such as energy
conservation and environmental protection, cleaner production, clean energy, ecological
environment, green upgrading of infrastructure and green services. The “double carbon”
goal has become the focus of China’s current environmental protection work. Under the
policy background of vigorously developing green credit and promoting the realisation
of the “double carbon” goal, most banks with a low proportion of green credit have
the motivation to “let go” of green credit and “stop” lending to high energy-consuming
industries. They are more likely to blindly lend to new energy industries and restrict loans
to high energy-consuming industries. This may hurt high-carbon enterprises with the
intention of transformation and is more likely to bring risks to the financial system itself.
At present, the People’s Bank of China mainly quantitatively evaluates the green credit
performance of banking financial institutions from the scale of green credit®. The evaluation
system fails to better reflect the quality of green credit and its impact on the banking
industry. As a profit-making body, commercial financial institutions still need to ensure the
sustainability of their own operation and profits while undertaking social responsibilities.

Does credit work really achieve coordinated development with environmental protec-
tion? What impact will green credit have on its own system in promoting the realisation of
the “double carbon” goal? What is the dynamic interaction between green credit and car-
bon emissions? Before we analyse the effectiveness of credit instruments on environmental
protection, it is also very important to think about and evaluate their rationality, which is
the problem this paper hopes to explore.

Therefore, the contributions of this study mainly include the following two points:
Firstly, we analyse the coupling of a credit environment system based on the coupling
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coordination model and evaluate whether the application of credit policy to environmental
protection regulation has realised the common sustainable development of the two systems
through intuitive calculation results. Secondly, we focus on the dynamic and internal inter-
action between green credit and carbon emission. We use the panel vector autoregressive
(PVAR) model to analyse their impact from the perspective of dynamics and internal logic.
The above research results provide reasonable and effective support for China’s green
credit as a policy tool to promote the realisation of the “double carbon” goal.

2. Literature Review

The practice of combining finance and environment can be traced back to the Com-
prehensive Environmental Response, Compensation, and Liability Act (CERCLA) pro-
mulgated by the United States in 1980. The act requires enterprises to be responsible for
the environmental pollution caused by them, which has aroused the banking industry’s
concern regarding the operational risk about the environmental risk of their lending en-
terprises. Coulson [15] commented on the Book “Sustainable Finance and Banking: the
Financial Sector and the Future of the Planet”, pointing out that the book puts forward
the concept of sustainable financing. The book also believes that the banking industry can
achieve its own sustainable development in promoting the development of green finance.
In 2003, 10 major banks announced accepting the “Equator Principle” and voluntarily
undertaking and fulfilling more social and environmental responsibilities. This principle is
also one of the most influential green credit standards at the international level. Based on
these practices and studies, scholars put forward environmental risk theory and sustainable
development theory [16].

In foreign studies, the term “green credit” is less used, and they use more concepts
such as environmental finance [17], climate finance [18,19], sustainable finance [20,21]
and green finance [22-24]. The emphases of these concepts are different, but they are
interrelated and inclusive, and the academic circles have not given a clear definition of
these concepts. Nedopil et al. [25] discussed the essence of green financial standards, put
forward assumptions and tested them based on institutional and standards theories. It
is found that the development and application of green financial standards depend on
the system setting (e.g., economic governance of market versus government power). The
development of green finance standards will accelerate people’s wider recognition of the
need for action on green finance. The mode choice of different green financial standards
is related to the policymakers, the characteristics of the implementation areas and the
specific period.

The development of green credit in China is designed and improved based on con-
stantly absorbing mature international experience and combined with China’s national
conditions. Different from foreign countries that establish voluntary principles through
the industry and promote the development of green finance from bottom to top, the im-
plementation of green credit in China is promoted by the regulatory authorities from top
to bottom and has the force of enforcement. Its essence is that environmental protection
regulation means is realised through financial leverage. The connotation of green credit
in China can be understood from two aspects: One is the national policy level, in which
the government guides commercial banks to undertake corresponding social and environ-
mental responsibilities in credit operation through policy incentives; Second, at the level
of operation and management, commercial banks cultivate and support the growth and
development of resource-saving and environment-friendly enterprises, and restrict the
investment loans and working capital of polluting enterprises and projects with environ-
mental problems [26]. Therefore, the domestic research on green credit mainly focuses on
two aspects: one is the enthusiasm of the participants of green credit policy, and the other
is the effectiveness evaluation of green credit policy. As for the research on the participants
of green credit policy, Zhou et al. [27] analysed the behaviour choices of the government,
banks and enterprises in the implementation of green credit based on the evolutionary
game model. The results show that enterprises or banks always choose “don’t take” and
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“don’t implement” strategies in the short term, but the chosen strategy is the opposite in the
long term. Wang [28] and Sun et al. [29] found that green credit can improve the quality of
bank assets, reduce the non-performing loan ratio and inhibit bank credit risk. He et al. [30]
empirically found that green credit can improve the return on total assets of commercial
banks and enhance the competitiveness of commercial banks. Zhang and Lian [31], Guo
and Liu [32] analyse the impact of green credit on the profitability of commercial banks
based on the heterogeneity of commercial bank types. As for the research on the effective-
ness of green credit policy, in 2012, China Banking Regulatory Commission issued the green
credit guidelines (GCG2012), which provides normative guidelines for financial institutions
to carry out green credit work. Different scholars have demonstrated the effectiveness of
green credit from the perspectives of debt financing cost, technological innovation, energy
investment efficiency and industrial structure upgrading [33-36]. However, from the above
literature, most studies mainly focus on the effectiveness of credit policy on environmental
protection, but less on the rationality of this practice itself.

Studies have shown that finance can promote the green allocation of economic re-
sources in the process of low-carbon economic transformation [37-39]. However, relevant
studies also emphasise the risks faced by the financial system in promoting sustainable
development and emphasise that science and rationality should be paid attention to when
using credit policies to guide the transformation of the low-carbon economy. Gunning-
ham [40] stressed that financial markets could and should be the key driving force for
the rapid transformation to a low-carbon economy. They should make a strong contri-
bution to realising a low-carbon and climate-adaptive economy through a well-designed
leverage mechanism. D’Orazio and Popoyan [41] proposed a critical review of existing
and novel Prudential methods to stimulate de-carbonisation of bank balance sheets and
align finance with sustainable growth and development goals so as to give play to the
role of macro-prudential policies in promoting green credit while ensuring the stability of
the financial system. Semieniuk et al. [42] pointed out that the systematic transformation
of the economic structure caused some industries directly related to the production and
consumption of fossil fuels to lead to a debt default because of sudden asset revaluation.
The increase in relative economic weights in emerging industries is also likely to cause
bubble risk, which has a significant impact on the financial system’s stability.

To sum up, existing studies have confirmed that there is a tight relationship between
finance and the environment, and the change, development and mutual impact of the
financial system and environmental system are more comprehensive and complex system
problems. As China’s main green financial policy tool, green credit has its own charac-
teristics. Most of the existing studies focus on analysing the effectiveness of green credit
policy on environmental protection, but less on thinking and evaluating the rationality
of this practice itself. At present, China has put forward the “double carbon” goal, and
green credit is also regarded as an important tool to promote the realisation of this goal.
Then, the impact of the development of green credit on the financial system itself and
the environmental system is worth further discussion. The CAMEL evaluation method
is mostly used for the evaluation of commercial banks and other financial institutions
in the financial credit system [43]. Based on the traditional camel evaluation method,
this paper adds the dimension of social responsibility to form the CAMELS evaluation
system. For evaluating the environmental system, most studies use the PSR evaluation
system [44]. The system describes the interaction between humans and the environment
from the three dimensions of pressure, state and response. Pressure indicators reflect the
role of human activities on the environment. State indicators describe the environmental
state at a specific time stage. Response indicators reflect the remedial measures taken by
human beings in the face of damage to the natural environment. The credit risk caused
by environmental pollution has attracted the attention of the banking industry with the
essence of business risk to environmental protection. Under the “double carbon” goal,
green credit aims to promote industrial upgrading by guiding capital investment and
to achieve energy conservation and emission reduction by meeting the capital needs of
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traditional energy users for technological upgrading. However, blind expansion of green
industry loans and compression of high energy-consuming industry loans can also bring
systemic risks. Therefore, we build a CAMELS-PSR analysis framework to analyse the
above problems, as shown in Figure 1.

—J

Figure 1. CAMELS-PSR analysis framework of the financial credit system and environmental system.

3. Methods and Data

For the measurement and evaluation of whether the system elements can interact with
each other and the overall coordinated development, the coupling coordination model
can provide intuitive result evaluation, which is also adopted by many mathematicians.
As a model to measure the interaction between system variables, the PVAR (panel vector
autoregressive) model can analyse the changes in the process of system development from a
dynamic perspective. Referring to the practice of Liao et al. [45], combining the two models
can comprehensively evaluate the coupling between financial credit and environmental
protection from the perspectives of “static” and “dynamic” and “external” and “internal”.
This part will elaborate on the above two models and the data used.

3.1. Coupling Coordination Model
3.1.1. Model Setting

Coupling originates from the physical concept, which refers to the phenomenon
that two or more systems and their elements affect each other and finally achieve synergy
through interaction. Many scholars have introduced it into the measurement and evaluation
of the overall coordinated development of the economy and society. Referring to the
summary of existing coupling coordination models by Wang et al. [46], the calculation
formula of coupling degree in this paper is as follows:

o | LU 1)

(horw)

where U, represents the comprehensive value of each system layer, and n represents the
number of system layers. The number of system layers in this paper is two: credit system
and environment system, respectively. Therefore, the above coupling degree calculation
formula is simplified as follows:

)
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where U represents the comprehensive evaluation index of the credit system, and Ug
represents the comprehensive evaluation index of the environmental system.

The larger the value of C, the smaller the dispersion between the credit and environ-
mental systems and the better the coupling. However, the coupling degree C can only
reflect the interaction degree between the two systems. It is necessary to introduce the
coupling coordination degree D to measure whether different systems develop together.
The specific calculation formula is as follows:

T=wacxXUc+ap X Ug ac+ap=1 3)
D=+vCxT 4)
RDD = Uc/Ug ®)

where a¢ and af represent the weight of the two systems; this paper gives equal weight to
the credit and environmental systems according to most existing research practices [46].
T represents the comprehensive and coordinated development index. D represents the
coupling coordination degree. RDD represents the relevant development level. Further
referring to the practice of Li et al. [47] and Liao et al. [45], combined with the RDD calcu-
lated by Formula (5), which represents the leading and lagging coordinated development
relationship of the two systems, the coupling coordination of the two systems is divided
into ten levels (Table 1).

Table 1. Evaluation criteria for coupling and coordination of Credit-Environment System.

D Coordination Level RDD Development Stage
[0,0.1) Extremely uncoordinated (0,0.8] High-degree antagonism
[0, 0.4 [0.1,0.2) Seriously uncoordinated (0.8,1.2] Low-degree antagonism
[0.2,0.3) Moderately uncoordinated (1.2, +00) High-degree antagonism
[0.3,0.4) Slightly uncoordinated
[0.4, 0.5) 2Ectc})1§r;€i};§fe(élf 0,0.8] Low-degree running-in
[0.4,0.8) [0.5,0.6) Barely coordinated (0.8,1.2] High-degree running-in
[0.6,0.7) Slightly coordinated (12, +00) Low-degree running-in
[0.7,0.8) Moderately coordinated
[0.8,0.9) Well-coordinated (0,0.8] Low-degree coordination
[0.8,1] 09, 1] Quality coordinated (0.8,1.2] High-degree coordination
(1.2, +o0) Low-degree coordination

3.1.2. Index System

As a financial institution operating a money and credit business, banks not only have
their own demands for profit but also have the functions of credit creation and capital
financing. At the same time, as an important part of the financial system, banks should also
meet the requirements of macro-prudential supervision and maintain the financial system'’s
stability. Moreover, according to the concept of sustainable financing, the banking industry
should also bear the corresponding social responsibility in development. Therefore, based
on the CAMELS evaluation system mentioned above, to comprehensively measure whether
banks can take into account their own benefits, risks and social responsibilities in pro-
moting green credit, this paper selects twelve indicators from six aspects: capital security,
asset quality, management level, profitability, liquidity and the environmental benefits of
constructing a comprehensive index of the credit system?. The relevant data are from the
official website of the People’s Bank of China. For the construction of the comprehensive
index of the environmental system, based on the PSR evaluation system, according to the



Sustainability 2021, 13, 14074

7 of 21

green industry guidance catalogue jointly issued by seven ministries and commissions?,

and the green credit statistical standard revised by the People’s Bank of China, this paper
selects twenty indicators from the three aspects of the environmental state, environmental
pressure and environmental response to evaluate the coordinated development of green
credit and environmental protection in a more targeted way. The data are derived from
China Statistics Yearbook on Environment and China Energy Statistics Yearbook. The
specific indicators are shown in Table 2.

Table 2. Evaluation index of coordinated development of Credit-Environmental System.

Coupling E.V aluat'l on Indicators Unit 'Inde.x
Systems Dimensions Direction
Capital security Capital adequacy ratio % +
. Non-performing loan ratio % -
Asset quality
NPL Provisioning Coverage Ratio % +
Cost-income ratio % -
Management level
Asset credit impairment loss 100 million yuan -
Credit system Annual average ROA Y% +
Profitability Operating income 100 million yuan +
Net profit 100 million yuan +
Liquidity ratio % +
Liquidity
Deposit-loan ratio % +
Green credit balance 100 million yuan +
Environmental benefit - -
Proportion of green credit % +
Per capita water resources m3/ person +
Per capita water consumption m?3/ person -
Environmental state Total afforestation area Million hectares +
Marine crude oil production Million tons +
Marine natural gas production Million m3 +
Total COD emissions Million tons -
Ammonia nitrogen emission Million tons -
The area of the sea area under the
PR Square
jurisdiction that does not meet the . -
. kilometre
class I seawater quality standard
Discharge of industrial solid waste Million tons -
Environmental pressure Total sulphur dioxide emission Million tons -
Total nitrogen oxide emissions Million tons -
Environmental system - . —
Total particulate emission Million tons -
Urban sewage treatment rate % +
Harmless treatment rate of domestic o +
municipal waste °
Greening coverage rate of the urban o .
area ?
. Million
Waterlogging control area hectares +
Water and soil loss control area Million +
hectares
Environmental response Energy processing conversion o +
efficiency ?
Total investment in industrial a1
100 million yuan +

pollution control

Elasticity coefficient of energy
consumption




Sustainability 2021, 13, 14074

8 of21

3.1.3. Data Processing and Weight Determination

Before building a comprehensive evaluation index for the credit and environmental
systems, we need to standardise the data to eliminate dimension influence. The specific
formula of standardisation is as follows:

Xijk —min(X;p, -+, Xijk)

max (Xijp, - -+, Xjjx) — min(Xip, - -+, Xijk)

Positive index : d;j =

(6)

max(xijz,- " ,xin) — Xijk

max(xl-jz, e ,xl-]-K) — min(xijz, cee ,XZ‘]‘K)

Negative index : d;jx = (7)
where x;j is the original value of system i index j in year k, 0 <i <n, 0 <j < m. djj is the
standardised value of system 7 index j in year k, 0 < d,-]-k < 1. When the contribution of the
selected index to the system evaluation is positive, it is called the positive index, which is
standardised by Formula (6). When the contribution of the selected index to the system
evaluation is negative, it is called the negative index, which is standardised by Formula (7).

Further, the index weight of each system layer needs to be determined. Referring
to previous studies [45—-47], the entropy method, as a weight determination method to
measure the amount of information, is driven by data and can avoid the randomness of
the subjective weighting method. Therefore, this method is also applied in this paper. The
specific calculation process is as follows:

Firstly, the entropy value is obtained according to the calculation formula of the
entropy method:

1 K
ejj = _%kglpijk'lnpijk 8)

where m represents the number of the system i. indicators. To ensure Inp;j significance,
we specify:

dii +1
Pije = ——r——— ©)
Yitq (dijk + 1)
Then, we calculate the weight of system i index j:
1-— EZ‘]‘
= ————— 10
CUZ] m— ;1121 ejj ( )
Finally, we calculate the system i comprehensive evaluation index:
m
Ui = ) wijdij (11)
j=1

3.2. PVAR Model
3.2.1. Model Setting

The coupling coordination model gives an intuitive evaluation of the coupling of
the credit environment system. Green credit is regarded as a tool to achieve the “double
carbon” goal. It is important to clarify its dynamic internal mechanism with carbon
emission. Vector autoregressive (VAR) model is used to estimate the dynamic relationship
of joint endogenous variables without any prior constraints. It establishes a model based on
the statistical properties of data. It constructs a model by taking each endogenous variable
in the system as a function of the lag value of all endogenous variables in the system so as
to explain the interaction between variables. By observing the impulse response function of
the system, we can analyse the system’s response to a random impact of one of the variables
and how long this response will last. The PVAR model further considers the impact of
individual heterogeneity when the VAR model is applied to panel data. Therefore, this
paper analyses the dynamic effect of green credit and carbon emission based on the PVAR



Sustainability 2021, 13, 14074

9of21

model proposed by Holtz-Eakin et al. [48] and improved by Love and Zicchino [49]. The
specific model is constructed as follows:

zip = Lo+ T1zjp—p + Ui + & (12)

where z;; represents the endogenous variables of the system, including green credit and
carbon emission. I is the regression coefficient. p is the lag order. u; represents individual
heterogeneity. ¢;; represents the random residuals. The specific estimation method refers to
Abrigo and Love [50]. Firstly, the orthogonal dispersion transformation method deals with
the individual fixed effect. Then, the GMM method is used to construct the estimator and
calculate the impulse response and prediction variance decomposition results.

3.2.2. Variables Collection and Data Sources

This paper focuses on the dynamic analysis of green credit and carbon emission,
mainly including two variables:

1.  Green credit (GC):

In practice, the People’s Bank of China has established a special statistical system
for green loans to standardise the statistical calibre. Still, the statistical data are only at
the national level, and there are only seven annual data from 2013 to 2019, with small
sample size. In the existing studies, most studies use the ratio of interest expenditure
of six high energy-consuming industries® to the total interest expenditure of industrial
industries to measure the green credit situation of each province [51,52]. The data are
mainly derived from China Industry Statistical Yearbook and China Economic Census
Yearbook. Provincial panel data better expand the sample size of data and reflect provinces’
heterogeneity. Therefore, this paper also refers to this practice. Since the Eleventh Five
Year Plan, China has paid more attention to energy conservation and emission reduction
and has strengthened the coordination and cooperation between environmental protection
and credit management. Therefore, this paper calculates 450 green credit index values in
30 provinces and province-level municipalities (Tibet, Hong Kong, Macao and Taiwan are
not included due to lack of data) from 2005 to 2019. The development trend of green credit
in each province is shown in Figure 2.

Anhui Beijing Fujian Gansu Guangdong Guangxi
—_— e
w/ -

Guizhou Hainan Hebei Henan Heilongjiang Hubei

0 25 50 75100

0 25 50 75 100

Hunan Jilin Jiangsu Jiangxi Liaoning Inner Mongolia

T N— —— . o
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Figure 2. Development of green credit in each province.
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2. Carbon emission (CO»):

The carbon dioxide emissions of all provinces in China are calculated based on the
calculation method provided by IPCC (Intergovernmental Panel on Climate Change).
Considering the availability and accuracy of data, the carbon emissions of this study
include those generated in energy activities and industrial production. In energy activities,
the combustion of fossil fuels is the main source of carbon emissions, while the carbon
content of different types of fossil fuels, the calorific value during complete combustion and
the carbon emission coefficient corresponding to the combustion technology used are not
the same. In this paper, 26 kinds of main fossil energy® and heat are selected to calculate
the carbon emission of energy activities. The specific calculation formula is as follows:

44

o (13)

Cie = )_Ey x NCV, x CEC, x COF, X
v

where Cj, represents the total carbon emission generated by energy activities in each
province; E, represents energy consumption; NCV, is the low calorific value of energy;
CECG, is the carbon emission coefficient; COF, is the carbon oxidation factor; v represents
the specific energy type. The specific data and corresponding coefficients come from
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, General Rules for
Calculation of the Comprehensive Energy Consumption (GBT 2589-2020), Guidelines for
the Preparation of China Provincial Greenhouse Gas inventories (Trial) and China Energy
Statistical Yearbook.

In industrial production, the production of building materials, metals and chemical
products in China is the main source of carbon emission. Referring to the Fan [53], this
study selects the carbon emissions in cement and steel production to measure the carbon
dioxide emissions in the process of industrial production. The carbon emission calculation
formula of cement production is:

Cie = M X P. x CEC¢ (14)

where M, is the cement production; P is the proportion of clinker in cement; CEC¢ is the
corresponding carbon emission coefficient. The carbon emission from steel production
is divided into three stages: basic oxygen furnace (BOF), electric arc furnace (EAF) and
open-hearth furnace (OHF). The specific calculation formula is:

Cis = BOF x CECppr + EAF X CECgar + OHF x CECoyr (15)

BOF, EAF and OHF represent the amount of crude steel produced in the correspond-
ing stage, and CEC is the corresponding carbon dioxide emission factor. The emissions from
energy activities and industrial production are aggregated to obtain the carbon dioxide
emissions of each province from 2005 to 2019 (Figure 3).



Sustainability 2021, 13, 14074

11 of 21

Figure 3. Trend chart of carbon emission in each province.

4. Results and Discussion
4.1. Analysis of Evaluation Results of Coupling Coordination Model
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Since 2013, the People’s Bank of China has stipulated the statistical criteria of green
credit and made annual disclosure. Therefore, this paper selects the annual sample data
from 2013 to 2019 for calculation. The comprehensive evaluation index, coupling degree
and coupling coordination degree of the credit environmental systems are shown in Table 3
and Figure 4.

Table 3. Coupling and coordination of credit system and environmental system.

U Ur Comprehensive Coupling

C . . . .

Year (Credit (Environment Coupling and Coordinated Coordination RDD Coordination Development

Degree C Development Level Stage
System) System) . Degree D
index T

2013 0.48 0.17 0.88 0.57 071 2.79 Moderately  Low-degree
coordinated running-in

2014 0.51 0.25 0.94 0.62 0.76 2.03 Moderately  Low-degree
coordinated running-in

2015 047 045 1.00 0.68 0.82 1.03 Well High-degree
coordinated coordination

2016 035 0.66 0.95 0.71 0.82 0.53 Well Low-degree
coordinated coordination

2017 035 0.63 0.96 0.70 0.82 0.56 Well Low-degree
coordinated coordination

2018 035 0.65 0.95 0.71 0.82 0.53 Well Low-degree
coordinated coordination

2019 053 076 0.98 0.80 0.89 0.69 Well Low-degree
coordinated coordination
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Figure 4. The Credit-Environmental System coupling and coordination trend in China from 2013
to 2019.

It can be seen that there are fluctuations in the development of the credit system,
which experienced a process of first rising, then falling and then rising. The credit system
developed strongly in 2013 and 2014, and the index maintained an upward trend. However,
the comprehensive credit system evaluation index began to decline, from 0.51 in 2014 to
0.35 in 2016. From 2016 to 2018, the credit composite index remained low, which was
mainly caused by the increase in the non-performing loan ratio and asset credit impairment
loss and the decrease in non-performing loan provision coverage and asset return. By 2019,
the credit system had improved significantly, and the comprehensive evaluation index
rebounded and peaked at 0.53.

The environmental system has been developing well, and the comprehensive evalua-
tion index increased steadily from 0.17 to 0.76. This is mainly due to the reduction in per
capita water consumption, total chemical oxygen demand emissions, ammonia nitrogen
emissions, total sulphur dioxide emissions and total nitrogen oxide emissions, as well as
the increase in urban sewage treatment rate, harmless treatment rate of urban domestic
waste, greening coverage rate of urban areas, waterlogging removal area and soil erosion
control area.

The coupling degree of the two systems also shows a trend of first rising, then falling
and then rising, reflecting the annual fluctuation of the interaction between the credit and
environmental systems. From 2013 to 2015, the coupling degree continued to rise, reflecting
the increasing force between the two systems. However, the interaction between the two
systems decreased slightly and did not increase again until 2019. The coupling coordina-
tion degree of the two systems shows an upward trend, reflecting the well-coordinated
development of the two systems. According to the evaluation criteria for the coupling
and coordination of the credit environment system (Table 1), China’s credit environment
system is in a good low-level coordination stage.

4.2. Analysis of Dynamic Relationship between Green Credit and Carbon Emissions

In the last part, we analysed the comprehensive coupling and coordinated develop-
ment of a credit system and an environmental system and provided the overall evaluation.
At present, the realisation of the “double carbon” goal is an important work in the en-
vironmental system. Green credit in the credit system is also regarded as an important
tool to achieve this goal. Focusing on analysing their dynamic internal mechanism is of
great significance for policy formulation and implementation. Therefore, we use the PVAR
model for research. The analysis steps and results are as follows.
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4.2.1. Unit Root Test

Before using the PVAR model, it is necessary to test the unit root of variables to avoid
pseudo regression. Considering the existence of common roots and different autoregressive
coefficients, LLC, HT, IPS and Fisher methods are used to test the unit roots of CO, and GC.
Since there may be path dependence in the development of carbon emissions and green
credit, we consider both time trend terms and individual fixed effects in the test. The test
results are shown in Table 4. The two variables have no unit root and are stationary series.
PVAR model can be used directly.

Table 4. Unit root test results.

Common Roots Different Autoregressive Coefficients .
Variable Options
LLC HT IPS FISHER
co —4.3264 23.6149 —1.3305 —6.3404 Contain trend
2 (0.0000) (0.0000) (0.0917) (0.0000) demean
cC —4.5092 10.2657 —3.5429 —4.8393 Contain trend
(0.0000) (0.0000) (0.0002) (0.0000) demean

Note: the values in the table are Z values, and the values in brackets are corresponding p values.

4.2.2. Granger Test

We can analyse the causal relationship between variables in time through the Granger
test and investigate whether the influence between variables is one-way or two-way.
It can be seen from Table 5 that carbon emissions and green credit are Granger cause
for each other at the significance level of 1%, reflecting the interaction between them.
The coupling relationship between them has been verified again from the perspective of
panel econometrics.

Table 5. Granger causality test results.

Hypothesis chi2 df Prob > chi2 Conclusion
GC is not the Granger . .
cause of CO, 6.873 1 0.009 Reject hypothesis
€O, is not the 17.345 1 0.000 Reject hypothesis

Granger cause of GC

4.2.3. Model Stability Test

We need to conduct impulse response analysis to analyse further the short-term impact
of green credit and carbon emissions. However, the stability of the model needs to be tested
before impulse response analysis. As shown in Figure 5, all eigenvalues are within the unit
circle, indicating that the model is stable and can be used for impulse response analysis.
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Figure 5. Model stability test result.

4.2.4. Impulse Response Analysis

PVAR model contains many parameters, and its economic significance is difficult
to explain, so it mainly analyses the impulse response function. The impulse response
function can describe the system’s response to the random impact of a variable and its
duration. Table 6 shows the impulse response of green credit and carbon emission in the
samples of the whole country and the East, Middle and West regions’, respectively, in
which the horizontal axis represents the lag order of impact (unit: year) and the vertical
axis represents the response value of relevant variables. At the national level, facing the
impact of green credit (GC), carbon emissions (CO,) decreased from the first phase, then
down to a peak in the third phase, and then decreased steadily year by year. This shows
that green credit can inhibit the increase in carbon emissions, but the response has a long
time lag. The inhibition first increases and then decreases, and the impact lasts for a long
time. This result is consistent with the evaluation result of the coupling coordination model.
It can be seen from Figure 4 that the coupling degree between the credit system and the
environmental system also reached the highest in the third phase. The test results of the
two models verify each other, ensuring the robustness of our conclusion. At the same time,
this result is also consistent with practice. The process of green credit policy from capital
investment to project completion and realisation of environmental benefits requires a long
construction cycle. Relevant research shows that financial institutions should not only tap
potential green projects but also pay attention to the post loan management of green credit
funds so as to ensure the smooth implementation of the project, effectively control their
own risks and realise the expected environmental benefits [54-59]. As for the impact of
carbon emissions on green credit, green credit gradually increased with the increase in
carbon emissions in the first four periods. After phase 4, green credit still increases with
the increase in carbon emissions, but the growth rate slows down, reflecting the phased
structural characteristics of green credit. As a financial policy, green credit has internal and
external time lag from formulation to implementation and then to production. Therefore,
the amount of green credit gradually increases in the initial stage of development. However,
when the green credit structure reaches a certain degree, the proportion of green credit
becomes more and more stable, and the impact of carbon emission on green credit policy is
weakened. From the regional level, the impact trend of green credit on carbon emissions
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in each region is basically consistent with the national sample. The impact effect in the
West is the largest, the Middle is the second, and the East is the smallest. The impact of
carbon emissions on green credit is similar to the overall national sample in the East and
Middle of China but less in the West. Previous studies have also found a two-way causal
relationship between financial development and carbon emissions, which is consistent
with the conclusions of our empirical research [60,61]. Lei et al. [62] have shown that the
positive impact brought by broad money can promote the use of renewable energy and
reduce the consumption of non-renewable energy so as to reduce carbon dioxide emissions.
Li et al. [63] found that improving financial development indicators is conducive to the
realisation of sustainable development. This paper selects green credit, an indicator with
environmental effect attributes and financial attributes, to study its relationship with carbon
emissions. Our research is more in line with the concept of sustainable development in the
transformation of the low-carbon economy.

Table 6. The impulse-response curve between green credit and carbon emission in the samples of the whole country and
the East, Middle and West regions.

Sample Range Impact of Green Credit on Carbon Emissions Impact of Carbon Emissions on Green Credit
GC:co2 C02:GC
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4.2.5. Variance Decomposition

Further, the contribution of each variable impact of the system is analysed based on
variance decomposition results. It can be seen from Figure 6 that the fluctuation of green
credit and carbon emission mainly comes from their own impact, and their contribution
rate to mutual fluctuation increases with time. Among them, the impact of green credit
on carbon emission can reach 17%, while the impact of carbon emission on green credit
only reaches 9%, which shows that the force of green credit is stronger in the interaction
between the two.
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Figure 6. Variance decomposition of green credit and carbon emission.

4.3. Limitation and Further Research

In this paper, the coupling coordination model is used to evaluate the overall external
relationship between credit and environmental systems. Additionally, the PVAR model
is used to describe the internal dynamic relationship between green credit and carbon
emission. The coupling between financial credit and environmental protection is compre-
hensively evaluated through two models. However, the above two methods are mainly
data-driven and only comprehensively describe the phenomena presented by the complex
interaction mechanism. In the future, we hope to further analyse the mechanism of the
two based on other econometric models and summarise the key paths and nodes in their
interaction so as to better put forward more feasible guidance for China’s credit policy to
play a role in environmental protection.

5. Conclusions

China earlier carried out the combination of credit policy and environmental protec-
tion, tried to use credit policy tools to protect ecology and pollution prevention, and prevent
environmental credit risks. With China entering the transition period of a low-carbon econ-
omy and the “double carbon” goal proposal, green finance has also entered an important
period of strategic development opportunity. As an important part of China’s green finance,
green credit is regarded as an important tool to achieve the “double carbon” goal. It is
important to reasonably and effectively evaluate the coordinated development of financial
credit and environmental protection and clarify the dynamic relationship between green
credit and carbon emission. Therefore, firstly, this paper selects the official green credit data
from 2013 to 2019 to evaluate the coupling and coordinated development of credit system



Sustainability 2021, 13, 14074

17 of 21

and environmental system based on the coupling and coordination model; Secondly, by
calculating the provincial carbon emissions and green credit data from 2005 to 2019, the
dynamic internal mechanism of them is analysed based on PVAR model. The main results
show that: (1) There are annual fluctuations in the interaction between credit system and
environmental system, showing a trend of first rising, then falling and then rising. The
coupling coordination degree of the two systems shows an upward trend, reflecting the
well-coordinated development of the two systems. (2) Green credit can inhibit the increase
in carbon emissions, and the inhibition first increases and then decreases, reaching the peak
in the third period. From a sub-regional perspective, the inhibitory effect of green credit
on carbon emissions is the largest in the West, the second in the Middle and the smallest
in the East. (3) Green credit and carbon emission interact, and their contribution rate to
mutual fluctuation increases with time. Among them, the impact of green credit shock on
carbon emission can reach 17%. In comparison, the impact of carbon emission shock on
green credit can only reach 9%, indicating that green credit has a more important impact
on carbon dioxide.

The research results of this paper have the following significance and enlightenment
for promoting the development of green credit in China. Firstly, it provides an overall
evaluation of the development of green credit in China’s banking industry. At present,
the green credit evaluation system of the banking industry focuses on the evaluation of
quantity and scale but less on the quality of green credit. This paper’s coupling and
coordination model intuitively gives the coupling and coordination evaluation of the credit
environment system to some extent. It better considers the balance of green credit for banks
in undertaking the responsibility of environmental protection and their own sustainable
development. It also provides an overall evaluation of quantity and quality for China’s
banking industry to carry out green credit. Secondly, through data-driven analysis, this
paper studies the dynamic action process of green credit and carbon emission so as to
provide reasonable and effective support for green credit as a policy tool to promote the
realisation of the “double carbon” goal. Thirdly, from the research results, it can be seen
that the inhibitory effect of green credit on carbon emissions has a long time lag, but it
also lasts for a long time. Therefore, the green credit policy’s consistency, stability and
durability should be maintained. In practice, financial institutions should not only tap
potential green projects but also pay attention to the post loan management of green credit
funds so as to ensure the smooth implementation of the project and realise the expected
environmental benefits. From the regional results, the impact of green credit on regional
carbon emissions is heterogeneous. For the western region, the inhibitory effect of green
credit on carbon emissions should continue to be played. For the eastern and middle
regions, the green credit policy should further reform and innovate, improve quality and
efficiency and continue to contribute to the low-carbon transformation of China’s economy
and society.
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Appendix A
1.  The Ministry of Ecology and Environment of the People’s Republic of China:

Its predecessor was China State Environmental Protection Administration. On
15 March 2008, the First Session of the Eleventh National People’s Congress adopted
the decision on the institutional reform plan of the State Council. The plan includes the
establishment of the Ministry of Environmental Protection of the People’s Republic of
China. The State Environmental Protection Administration will no longer be retained.
In March 2018, the First Session of the 13th National People’s Congress approved the
institutional reform plan of the State Council, established the Ministry of Ecology and
Environment and no longer retained the Ministry of Environmental Protection.

2. Green credit performance evaluation of banking deposit financial institutions (2018)
issued by the People’s Bank of China:

In this document, the quantitative score accounts for 80%. The quantitative indicators
include the proportion of green loan balance, the proportion of green loan increment, the
year-on-year growth rate of the green loan balance and the failure rate of the green loan.

3. The statistical calibre used in constructing the comprehensive index of credit system:

The statistical scope of relevant indicators refers to the 21 major banks in China
according to the statistics of the Statistics Bureau of China Banking and Insurance Regu-
latory Commission, including China Development Bank, Export-Import Bank of China,
Agricultural Development Bank of China, Industrial and Commercial Bank of China,
Agricultural Bank of China, Bank of China, China Construction Bank, Bank of Com-
munications, China CITIC Bank, China Everbright Bank, Huaxia Bank, China Guangfa
Bank, China Merchants Bank, Ping An Bank, Shanghai Pudong Development Bank,
Industrial Bank, China Merchants Bank, Evergrowing Bank, China Zheshang Bank,
China Bohai Bank and Postal Savings Bank of China.

4. Seven ministries and commissions that issued the green industry guidance catalogue:

They refer to the People’s Republic of China National Development and Reform Com-
mission, Ministry of Industry and Information Technology, Ministry of Natural Resources,
Ministry of Ecology and Environment, Ministry of Housing and Urban-Rural Development,
People’s Bank of China and National Energy Administration.

5. Six high energy-consuming industries:

They refer to petroleum processing, coking and nuclear fuel processing industry, chem-
ical raw materials and chemical products manufacturing industry, non-metallic mineral
products industry, ferrous metal smelting and rolling processing industry, non-ferrous
metal smelting and rolling processing industry and power and heat production and sup-
ply industry.

6.  The 26 kinds of main fossil energy used to measure carbon emissions:

They include raw coal, cleaned coal, other washed coal, briquettes, gangue, coke,
coke oven gas, blast furnace gas, converter gas, other gas, other coking products, crude oil,
gasoline, kerosene, diesel oil, fuel oil, naphtha, lubricants, petroleum waxes, white spirit,
bitumen asphalt, petroleum coke, liquefied petroleum gas, dry refinery gas, natural gas
and other petroleum products.

7. Division standard of Eastern, Middle and Western regions of China:

According to China’s official division standards, the Eastern region includes Beijing,
Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and
Hainan; The Middle region includes Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan,
Hubei and Hunan; The Western region includes Sichuan, Chongqing, Guizhou, Yunnan,
Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, Guangxi, Inner Mongolia and Tibet.
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