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Abstract: The greening of financial markets can effectively guide the flow of capital to green and
environmental industries, prompt the upgrading and transformation of the green industry, and help
China achieve its dual carbon goals. This paper adopts China’s inter-provincial panel data from 2011
to 2020, measures the development level of the real economy in terms of innovation, coordination,
green, openness, and sharing using principal component analysis, and selects core indicators such
as green credit, green insurance, green investment, and financial market size. In addition, the fixed
panel model and differences-in-differences model are used to carry out the research. The results
show that: 1. China’s high-quality green development shows an upward trend in general, the real
economy tends to be green, and the development in the east, middle, and west is gradually balanced;
2. Green credit and green insurance have a significant inhibitory effect on the development of the
real economy, and this inhibitory effect is more evident in the middle and western regions; green
investment has a significant positive promotion effect on promoting the development of the real
economy; 3. The promulgation and implementation of policies such as the Guidance on Building
a Green Financial System can significantly promote the greening of the financial market to the real
economy and promote sustainable development. It should continue to promote the greening of the
financial market, improve the green financial service system, smooth the transformation path of green
finance to the real economy, strengthen the green guidance of the government on the development of
the virtual and real economy, promote the green synergistic development of the financial market in
the east and west, and promote the high-quality green sustainable development of the region.

Keywords: greening of financial markets; the real economy; green credit; green investment;
differences-in-differences model

1. Introduction

The Chinese government states that lucid waters and lush mountains are invaluable
assets, so we need to heighten the harmonious coexistence of man and nature in plan-
ning development. China’s economy is transitioning from rapid growth to high-quality
development. The traditional scale expansion type of crude economic growth has caused a
large amount of energy waste and environmental pollution in China, making it difficult
to support the high-quality development of the economy [1]. According to the China
Environment Bulletin in 2011, 35.7% of air quality in 339 prefecture-level and above cities
nationwide exceeds the standard; 13% of water quality in large rivers, key lakes, and
reservoirs falls into the pollution category, and the total area of soil erosion nationwide is
2,692,700 square kilometers, accounting for 31.1% of the total area covered by the census [2].
Population explosion, resource depletion, energy shortage, environmental pollution, and
ecological imbalance have become increasingly serious nationwide problems. The dysfunc-
tional relationship between human society and the natural environment has become an
essential socio-political issue. Compared with other industries, the six highly polluting
industries, such as the chemical industry and mining industry, have more advantages in
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collateral in the development of enterprises. In modern financial marketization, commercial
banks are more inclined to invest in such enterprises. However, environmental protection
enterprises with high production cost and long investment cycles are more prone to credit
discrimination in raising funds. As a result, the financial service for the green development
of the real economy is inefficient and unbalanced [3]. Under the combined influence of mul-
tiple factors, such as intensifying competition among great powers, the fading of China’s
demographic dividend, and restrictions on the development of real economy imposed by
COVID-19 [4], balancing the relationship between economic growth and environmental
friendliness and effectively promoting the greening of the real economy is necessary for
China to achieve the goal of carbon peak and carbon neutrality. It is also the only way
for China to achieve high-quality, sustainable, and green economic development. The
gradual improvement of the financial market’s greening process will further promote green
sustainable development as an indispensable way to sustainable development [5].

On a global scale, green growth represents the essence of a green economy [6]. The role
of economic greening in reducing environmental pressure, promoting sustainable economic
development, and improving social welfare cannot be ignored [7]. At present, the academia
has not formed a unified measurement standard for the measurement of the greening of the
real economy, but it has reached a consensus on some principles and methods. For example,
Huang measured the greening of the real economy from the four dimensions of devel-
opment scale, market environment, economic benefits and growth potential, and based
on this, carried out the mechanism analysis of China’s economic structure [8]. Liu calcu-
lated the efficiency of green development in Henan Province of China based on DEA-SBM
model of non-expected output, and analyzed its spatio-temporal evolution based on this [9].
Based on the connotation of high-quality economic development, Li et al. constructed a
green development indicator system for the real economy consisting of five primary and
27 secondary indicators: economic vitality, green development, innovation efficiency, social
harmony, and people’s lives [10]. Based on the background of China’s supply side structural
reform, Meng constructed an index system of high-quality economic development with
five dimensions: economic development, innovation development, green development,
coordinated development, and people’s livelihood development [11]. Vukovic adopted
scientific analysis, comparison and synthesis methods, fuzzy theory, and fuzzy modeling,
and combined the status quo and dynamics of green economy to put forward the main
principles and methods of regional green economy standard evaluation [12]. The above
construction of the green indicators and the system of the real economy reflects that the
research on the evaluation index system is developing gradually. However, issues such as
scientifically selecting measurement indicators to enhance the indicator system’s stability
and flexibility require further research on the influencing factors of the greening of the
real economy. Khan argues that the development of logistics supply chains reduces the
efficiency of green economy development by consuming non-renewable resources such
as energy and fossil fuels [13]. Hu pointed out that the promotional effect of high-tech
industry agglomeration on the green economy development efficiency showed a significant
“U” curve relationship. The specialized agglomeration of the high-tech industry inhibited
the development of greening of the real economy to a certain extent [14]. Zhang proposed
that, with the help of fuzzy set qualitative comparative analysis method, the differentiated
configuration path of high-quality development in Chinese provinces was analyzed, and
two configuration paths of high-quality development were obtained [15]. The results of
Xie’s study show that green credit has a significant role in promoting the development of
the green economy in the real economy. The improvement of the marketization degree and
decentralization of finance are also conducive to further developing the green economy [16].

The healthy development of green finance is of great significance for promoting the
real economy’s high-quality development and helping the realization of the “double car-
bon” goal. Green finance can alleviate the environmental pressure brought by economic
development through various financial instruments such as green insurance, green invest-
ment, green securities, green credit, and carbon finance [17]. It is now widely believed
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that the development of green finance can effectively promote carbon emission reduction,
thus leading to high-quality economic development [18]. By analyzing the allocation dif-
ferences of green funds in various industries, Jin found that green funds can promote the
green technology innovation of the industry, improve the green technology level of small
and medium-sized enterprises, and play a huge role in supporting the adjustment and
upgrading of China’s industrial structure [19]. Schoenmaker proposed a green credit policy
to examine the carbon intensity of assets and collateral of the European Central Bank’s
quantitative easing policy. The result showed that if the ECB purchased low-carbon assets,
the carbon emissions of these assets could be reduced by 55% [20]. Lee et al. used a spatial
dynamic panel model and found that the development of green finance not only reduces
local carbon emissions but also helps to reduce carbon emissions in neighboring regions
all the time [21]. For micro-entities, green finance can support enterprises to carry out
environmental protection, combat climate change, and save resources, thus promoting low-
carbon development and green innovation projects. Zhuge found that the green finance
reform and innovation pilot zone established in China in 2017 can effectively alleviate the
financing constraints of industrial enterprises. The green finance reform and innovation
pilot zone can increase the scale of green credit in the pilot zone, thus promoting green
innovation of environmental protection industrial enterprises [22]. Wang believes that
with the further development and widespread application of fintech, green finance can
play a positive regulating role in the green innovation performance of the manufacturing
industry [23]. Chai used the PSM-DID model and found that with the continuous improve-
ment of green finance policies, the debt financing behavior of heavily polluting enterprises
with poor liquidity decreases significantly. Moreover, the financing methods of liquid debt
and commercial credit increase significantly instead, thus accelerating the technological
upgrading and transformation of enterprises [24]. J Jiang adopted the intermediary effect
model and the moderating effect model and found that with the improvement of regional
intellectual property protection, green finance encourages enterprises to improve the level
of green technology innovation by easing the financing constraints of enterprises, and this
incentive effect is more obvious for state-owned enterprises, enterprises with good internal
control quality and enterprises that are in their growth stage [25].

According to the current research results, the article finds that: 1. There is no unified
indicator system for measuring the green development of the real economy; 2. The devel-
opment of green finance is also not mature enough; 3. The research on green finance and
the greening of the real economy is still in the initial stage; 4. At present, the academic
community is more concerned with the research on the role of green credit in the green
innovation of micro-enterprises. However, there needs to be more research on the role of
green finance and the greening of the real national economy at the macro level. Moreover,
there needs to be more research on the role of relevant national policies.

Therefore, based on the above literature analysis, this paper will explore the role
relationship between green finance and the high-quality green development of the real
economy, and study whether the greening of financial markets, such as green credit, green
insurance and green investment, can be effectively transmitted to the real economy and
promote the green development of the real economy, which has important theoretical and
practical significance. In this paper, the index system of the greening of the real economy
will be constructed, and the fixed-effect model and the difference–difference model will be
established to study the effect of green finance on the greening of the real economy and the
incentivizing effect of relevant policies.

2. Model Construction
2.1. Principal Component Analysis Method

Principal component analysis (PCA) is a multivariate statistical method that uses the
idea of dimensionality reduction and converts multiple indicators into several compre-
hensive indicators on the premise of losing little information. The transformed composite
indicators are called principal components. Each principal component is a linear combina-
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tion of the original variables, and each principal component is uncorrelated from each other,
making the principal components have superior performance compared to the original
variables. Compared to other methods of index system construction, such as hierarchical
analysis, entropy value method, and factor analysis, the principal component analysis
method has unique advantages. In this method, by constructing the covariance matrix of
variables and analyzing the characteristic roots and eigenvectors of the matrix, the variables
with irrelevant information are eliminated, the relevant information variables are retained
to determine the principal component, and the weight is determined according to the
information retained by the principal component. At present, some expert academics have
also adopted the PCA method to construct the greening index system of the real economy
to carry out relevant research. Chen et al. consider that principal component analysis
can reduce the dimensional and order-of-magnitude differences among indicators, thus
more accurately measuring the level of green and high-quality development of the Chinese
economy and providing a new possible path for China’s economic transformation [26].

One principal component is insufficient to represent the original p variables, so a
second or even a third or fourth principal component needs to be found, and the second
principal component should no longer contain the information of the first principal compo-
nent. The statistical description is to let the covariance of these two principal components
be zero. Geometrically described is the directional orthogonality of these two principal
components. The specific method for determining each principal component is as follows.

The paper sets Equation (1). In Equation (1), zi denotes the ith principal component,
and i = 1,2,...,p. There are a2

i1 + a2
i2 + . . . + a2

ip = 1.


z1 = a11x1 + a12x1 + · · ·+ a1pxp
z1 = a21x1 + a22x2 + · · ·+ a2pxp

...
zk = ak1x1 + ak2x2 + · · ·+ akpxp

(1)

The raw data were first standardized to eliminate the influence of the magnitude.
Assume that there are m indicator variables for principal component analysis: x1,x2,...,xm.
There are n evaluation objects, and the jth indicator of the ith evaluation object takes the

value of xij. Convert each indicator value xij into a standardized indicator x̃ij. x̃ij =
xij−xij

sj
,

(i = 1,2,...,n; j = 1,2,...,m). xj =
1
n

n
∑

i=1
xij, and sj =

1
n−1
(
xij − xj

)2, (j = 1,2,...,m), i.e., xj,sj are

the sample mean and sample standard deviation of the jth indicator. Correspondingly,
x̃i =

xi−xi
si

, (i = 1,2,...,m), is the standardized indicator variable.
Establish the correlation coefficient matrix R between the variables, the correlation

coefficient matrices R =
(
rij
)

m×m, rij =
∑n

k=1 x̃ki ·x̃kj
n−1 , (i,j = 1,2,...,m). rii = 1, rij = rji, and rij are

the correlation coefficients of the ith indicator with the jth indicator.
Calculate the eigenvalues (λ1 ≥ λ2 ≥ . . . ≥ λm ≥ 0) of the correlation coefficient

matrix R and the corresponding eigenvectors u1, u2,...,um. uj = (u1j, u2j, . . . , unj)
T . m new

indicator variables are formed from the eigenvectors, as shown in Equation (2), where y1
is the first principal component, y2 is the second principal component,..., ym is the mth
principal component. 

y1 = u11 x̃1 + u21 x̃2 + · · ·+ un1 x̃n
y2 = u12 x̃1 + u22 x̃2 + · · ·+ un2 x̃n

...
ym = u1m x̃1 + u2m x̃2 + · · ·+ unm x̃n

(2)
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Finally, the principal components are calculated and the composite score is calculated.
Calculate the eigenvalues λj (j = 1, 2, . . . , m) of information contribution and cumula-

tive contribution; bj =
λj

∑m
k=1 λk

(j = 1, 2, . . . , m) is the information contribution rate of the

principal component yj, αp =
∑

p
k=1 λk

∑m
k=1 λk

is the cumulative contribution rate of the princi-
pal component y,y12,...,yp. When ap is close to 1 (ap = 0.85,0.90,0.95), the first p indicator
variables y1,y2,...,yp are selected as the p principal components instead of the original m
indicator variables, so that the p principal components can be analyzed synthetically. Cal-
culate the composite score Z = ∑

p
j=1 bjyj, where bj is the information contribution of the jth

principal component.

2.2. Panel Regression Model

Panel data track the same individuals over time, with a cross-sectional n-individual
dimension and a temporal T-period. For the study of panel data, academics usually use
fixed-effects models, random-effects models, and mixed-effects models for their studies.
One strategy is to perform mixed regressions as cross-sectional data, requiring each sampled
individual to have the same regression equation. However, this ignores the unobservable
or missed heterogeneity among individuals. The heterogeneity may be correlated with
the explanatory variables, thus leading to inconsistent estimates. Another strategy is to
estimate a separate regression equation for each individual, which ignores the commonality
among individuals and may need a larger sample size. Considering the shortcomings of
both strategies, a compromise estimation strategy can be used to capture heterogeneity by
assuming that the regression equations of individuals have the same slope and different
intercept terms. The underlying assumption of mixed effects is that there are no individual
effects. Individual effects can be divided into two forms, fixed effects and random effects,
while fixed effects are divided into individual-fixed effects and time-solid effects. The
individual-fixed effect is a form of deviation from the mixed-effects model minus its
averaging over time (see Equation (4)). The time-fixed effect can solve the omitted variables
that do not vary with individuals but with time (see Equation (5)). The random-effects
model treats the regression coefficient as a variable estimated by feasible generalized least
squares (see Equation (6)). Suppose it is further assumed that the perturbation terms obey
a normal distribution. In that case, the log-likelihood function of the sample can be written,
and then the maximum likelihood estimation can be performed.

yit = α + x′itβ + z′iδ + ui + εit (3)

yit − yi = (xit − xi)β + (εit − εi) (4)

yit = x′itβ + z′iδ + λtεit + εit (5)

yit − θ̂y =
(
xit − θ̂xi

)′
β +

(
1− θ̂

)
z′iδ +

[(
1− θ̂

)
ui +

(
εit − θ̂εi

)]
(6)

In Equation (3), the yit are the explained variables, the xit is the explanatory variable,
zi is the individual characteristic that does not change with time, and εit is the perturbation
term that changes with individual and time, and it is assumed that {εit} is independently
and identically distributed and uncorrelated with ui uncorrelated. If ui is correlated with
an explanatory variable, it is further referred to as a fixed-effects model. In Equation (4),
the ui is eliminated, so that whenever εit is correlated with xit, then OLS can be used to
consistently estimate β, i.e., the fixed-effects estimator. In Equation (5), the λt is an intercept
term unique to period t, which is interpreted as the effect of “period t” on the explanatory
variable y of the explanatory variables. In Equation (6), the ui with the explanatory variable
xit and zi are not correlated, so OLS is consistent, but the specific model used in the study
needs to be further tested.
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2.3. Differences-in-Differences Model

Compared to the traditional method of assessing policy effects, the differences-in-
differences model (DID) is more scientific and mainly sets a dummy variable for whether
the regression of policy occurrence exists or not. The model can estimate the policy effects
more accurately and avoid the endogeneity problem to a large extent without the problem
of reverse causality. As one of the most common non-experimental methods for policy
evaluation, DID treats a new policy as a “natural experiment” and sets up an experimental
group and a control group to compare the effects of the new policy. In this paper, the
differential method is combined with the panel data. At this time, the bidirectional fixed-
effect model is mostly used, so the differential method model is expressed as Formula (7),
where Yit is the result variable, Di is the police grouping dummy variable, Tt is the police
time dummy variable, Di × Tt is the interaction term between them, δ, and β are the
coefficients before each term, εit is the random error term, µi and γt are individual-fixed
effect and time-fixed effect, respectively. After taking the conditional expectation of the
above equation, the estimated effect can be obtained as shown in Table 1, where β represents
the causal effect that this paper pays more attention to. Difference–difference methods
usually involve two groups of people and two groups of periods. One group received no
treatment in the first period, but received intervention or treatment in the second period;
the other group received no treatment at either time. Individual i is defined as Dit = 1 for
receiving processing in period t, and Dit = 0 for not receiving processing. Generally, the
period before the processing group receives processing is denoted T = 0, and the period
after processing is denoted T = 1. Among them, Di1 = 1 is used for all individuals in the
treatment group, Di1 = 0 is used for all individuals in the control group, and Di0 = 0 is
used for all individuals i. The individual-fixed effect and time-fixed effect can be controlled
by adding the individual dummy variable and the time dummy variable in the regression,
while adding the treatment group dummy variable at this time will bring about strict
multicollinearity. µi and γt are the controls on the individual level and the time of each
period, which are more detailed and contain more information than the policy grouping
dummy variables Di and policy time dummy variables Tt in the original model.

Yit = α + β(Di × Tt) + µi + γt + εit (7)

Table 1. Indicator system of the level of green development of the real economy.

Tier 1 Indicators Innovation Coordination Green Open Share

Secondary
indicators

Number of
effective invention

patents per
10,000 people (+)

Urban population
share

(+)

Industrial
wastewater

emissions per
10,000 people

(−)

Number of
foreign-controlled

enterprises as a
proportion of the
total number of
local enterprises

(+)

Number of public
toilets per

10,000 people
(+)

Share of tertiary
sector in GDP

(+)

Consumer price
index (+)

Sulfur dioxide
emissions per
10,000 people

(−)

Total foreign direct
investment as a
share of GDP

(+)

Public library
collections per capita

(+)

R&D expenditure
as a percentage of

GDP (+)

Urban–rural Engel
coefficient ratio

(+)
Green coverage (+)

Total imports and
exports as a share

of GDP (+)

Average number of
students enrolled in

colleges and
universities per

100,000 population
(+)
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2.4. Variable Selection
2.4.1. Explained Variables

This paper follows the principles of scientificity to construct the evaluation system of
the greening development of the real economy. Based on the research of Chen et al. [27],
we use principal component analysis to construct a comprehensive evaluation system of
the greening of the real economy containing 15 specific indicators from five dimensions of
innovation, coordination, green, openness, and sharing. The specific indicators are selected
as shown in Table 1. “+” represents the positive indicators and “−” represents the negative
indicators. The data sources of each specific indicator are the China Statistical Yearbook,
the China Energy Statistical Yearbook, and the National Bureau of Statistics.

2.4.2. Core Explanatory Variables

According to the existing studies, this paper divides the greening of the financial
market into four aspects: green credit, green insurance, green investment, and financial
market scale [28–30]. Currently, green credit (loan) can be measured by the ratio of green
credit of commercial banks and the ratio of interest expenditure of six high-energy industries
to the total interest expenditure of industrial industries as reverse indicators. Due to the
inconsistency and the lack of completeness of the green credit data of various banks,
the total interest disbursements of the high-energy industries that are not with the six
discussed earlier are selected for expression. Due to the constraints of the availability
of relevant data, green insurance (insurance) refers to the general practice of the existing
literature and it is represented by the indemnity and payment of agricultural insurance.
The government’s public budget expenditure on energy conservation and environmental
protection represents green investment (investment). The sum of deposits and loans as a
percentage of GDP represents the financial market size (fin). The data for each item are
obtained from the EPS China data, China Industrial Statistical Yearbook, China Statistical
Yearbook, Guotaian database, etc.

2.4.3. Control Variables

With reference to existing studies, the following four control variables are selected: the
level of financial technology development (tech), which is derived from the report “Peking
University Digital Financial Inclusive Finance Index (2011–2020)” [31]; the employment
rate (bus), which is measured using the proportion of employment to the total population;
the level of transportation infrastructure (way), which is measured using the number of
road miles in each region; and the industrial structure (chan), which is measured by the
ratio of the output value of the tertiary industry to that of the secondary industry. The
data of each control variable were obtained from the China Statistical Yearbook and the
statistical yearbooks of each region.

3. Empirical Regression Results
3.1. The Level of Green Development of the Real Economy

Considering that the principal component analysis method forms independent princi-
pal components after transforming the index variables of the original data, which can better
eliminate the correlation influences among the evaluation indicators, this paper adopts the
principal component analysis method to construct the measurement index of the green
development level of the real economy of China’s provinces during 2011 to 2020. To further
analyze the spatial divergence of the multi-year changes in the greening development of
the real economy, four time points in 2011, 2015, 2019, and 2020 were selected, and the
provincial level was taken as the boundary unit. The paper used Arc GIS to draw the
spatial differentiation of the greening development level of the real economy (see Figure 1).
Figure 1 shows that the real economy’s overall level of green development in China’s
provinces is low, and the overall trend is rising. However, the rate of improvement is slow,
and the development of each region needs to be coordinated. Due to the impact of the
global new crown epidemic, many enterprises face difficulties resuming production, broken
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capital chains, or even closure in the face of the extensive quarantine and blockade and other
preventive and control measures [32]. These conditions make the social unemployment rate
rise, the consumption level decrease, the opening up to the outside world and the ability
to bring in foreign capital decrease. Therefore, the real economy’s green development
level peaked in 2019 and then declined in 2020. Figure 1 shows that although the level of
green development of China’s real economy continues to improve, the development of East,
Central, and Western China is not coordinated due to the inconsistency of the economic
base, development stage, and industrial structure. The distribution pattern shows that
the development in East China is higher than in Central China and in Central China, it is
higher than in the West. The development level of the real economy in the eastern coastal
areas is especially prominent. However, thanks to the application of China’s advanced
technologies, such as big data, artificial intelligence and 5G in industrial industries, as well
as other heavy pollution fields in recent years, the difference in the development levels of
the greening of China’s real economy between East, Central, and West China in 2020 have
been significantly reduced, and the level of regional green and high-quality development is
more balanced than in previous years.

Figure 1. Spatial variation of the level of development of the real economy.

3.2. Greening of Financial Markets

In order to study the current situation of the greening development of China’s financial
market, the study selected green credit, green insurance, green investment, and financial
market scale in China in 2020. Based on ArcGIS, the paper used the natural breakpoint
method to classify the greening development of the financial market in 31 provinces of
China into five levels. As can be seen in Figure 2, the greening level of financial markets in
Eastern and Central China is significantly better than that in Western China. It is inextricably
related to the fact that the provinces selected for the first batch of the green financial reform
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pilot zones established by the state in 2017 are mainly in Eastern and Central China, and
it is also consistent with the fact that China’s economic development level is higher in
the east and lower in the west. In terms of the scale of financial market development, the
overall development of China is more balanced. However, the development of the central
region is weak. The possible reason is that China’s central region is not conducive to the
large-scale production of relevant commodity and the demand for green development
of enterprises due to the treacherous geographical environment. The smaller enterprise
scale output value has created a smaller regional financial market scale. In terms of green
investment, the development of Eastern and Central China is more coordinated, but there
is a big difference with that of Western China. The main reason is that green investment is
mainly dominated by local governments, and the government supports related enterprises
to carry out green transformation through funds and policies. Therefore, there are high
requirements on the financial strength of local governments. The economic development
level of the Eastern and Central China provinces is better than that of Western China, so
the local governments have more sufficient funds to carry out green investment behavior.
In terms of green insurance, China’s northern and central provinces are better developed
than the southeast coastal coast and western regions. The reason is that China’s traditional
energy-intensive industries are mainly in the northeast and need green insurance to protect
their industrial structure for greening and to upgrade more than the coastal high-tech
industries. In contrast to green insurance, green credit is mainly for encouraging the green
and sustainable development of non-energy-consuming and high-tech enterprises with
preferential interest rates. Thus, the level of green credit development in the eastern and
southeastern coastal provinces is significantly better than in the central, western, and
northeastern regions.

Figure 2. Greening of China’s financial markets in 2020.
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3.3. Analysis of Baseline Regression Results

The paper uses panel data, and the cross-sectional dimension is larger than the time
dimension. Thus, the mixed-estimation model, fixed-effects model, and random-effects
model are often appropriate for processing such panel data. In the research process, this
paper uses the above three models for empirical evidence. The results show that the F-test
rejects the original hypothesis of using mixed regression at the 1% level. Moreover, the
paper performs the Hausman test, and the p-value is 0.0000, indicating that the fixed-effects
model is better than the random-effects model. Before regression analysis, a multicollinear-
ity test was conducted on each variable, and this paper performs LLC, IPS, Fisher-ADF, and
FisherPP unit root tests for the stationarity of each panel sequence. The results show that
the green development level of the real economy of the explained variables is a first-order
single integer, and the variables are all first-order single integers. White test was used to
verify whether there is a heteroscedasticity problem. The test result showed there is no
heteroscedasticity problem. In order to further consider the co-integration relationship
between variables, the Kao and Pedroni co-integration test was carried out, which showed
that there was a separate integration relationship between the development level of the
green real economy and the relevant independent variables, so regression analysis could
be carried out. Therefore, this paper uses a fixed-effects model for the study.

In Table 2, ***, ** and * respectively indicate that the coefficients are significant at the
level of 1%, 5%, and 10%, and the brackets are a robust standard error. Table 3 is the same. In
Table 2, Models 1, 2, and 3 are fixed-effects models. Province- and year-fixed effects are not
included in Model 1. No control variables are included in Model 2. Both control variables
and fixed effects are added in Model 3. In the case of choosing the fixed-effects model,
except for green insurance, the coefficients of the other three measures of financial market
greening selected, green credit, green investment, and financial market size, have the same
sign, only differing in the significance level. When considering the control variables, the
coefficient of green credit is −0.00062 and significant at the 1% level. The result indicates
that the development of green credit inhibits the greening of the real economy. The possible
reason is that the national emphasis on pollution prevention and control makes it difficult
for many energy-intensive industrial enterprises to obtain bank funding in the case of
violations or significant risks. Even if these enterprises can obtain credit support, banks’
differential interest rate pricing will also increase the financing cost. The high cost of
financing inhibits the expansion of production and slows the growth of output. The result
is consistent with the study of Zhang and Yang et al. [33,34]. The coefficient of green
insurance is −0.00033, but the regression result is insignificant. The state’s implementation
of green insurance can reduce the business risk of enterprises to encourage them to conduct
green production. However, it can not directly improve innovation and expect enterprises
to profit. Thus, it has less impact on the greening of the real economy, as confirmed
by Wang et al. [35]. The coefficient of green investment is 0.00118 and significant at the
1% level. Green investment, as a highly praised investment method in China today, has
rich ecological value. The government, through relevant policies, increases investors’
preference for green investment and provides financial support for green enterprises, thus
enhancing their innovation capacity, improving their economic efficiency, and promoting
the green and high-quality development of the real economy [36,37]. The size of the
financial market can reflect the size of green finance to some extent, and the regression
results show that the coefficient of financial market size on the high-quality development of
the real economy is −0.17067 and significant at the 5% level, which is in line with the study
of Shahbaz et al. [38]. The development of China’s finance in recent years has stimulated
economic growth, which in turn has increased energy consumption; thus, it was detrimental
to the real economy’s green development, which also confirms the environmental Kuznets
curve hypothesis.
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Table 2. Greening of financial markets and greening of the real economy.

Variable Name Model 1
Fixed Effects

Model 2
Fixed Effects

Model 3
Fixed Effects

loan −0.00015
(0.0002)

−0.00080 ***
(0.0002)

−0.00062 ***
(0.0001)

insurance −0.00144
(0.0021)

0.00034
(0.0018)

−0.00033
(0.0017)

investment 0.00136 ***
(0.0002)

0.00099 ***
(0.0002)

0.00118 ***
(0.0002)

fin −0.09280 **
(0.0378)

−0.22683 ***
(0.0425)

−0.17067 **
(0.0699)

tech −0.00116 ***
(0.0003)

−0.00142 ***
(0.0003)

bus 0.02095
(0.0254)

−0.06421 **
(0.0232)

way −1.93 × 10−6 ***
(0.0000)

4.11 × 10−6 ***
(0.0000)

chan 0.23924 ***
(0.0567)

0.24630 **
(0.1130)

Province-fixed effects NO YES YES
Year-fixed effects NO YES YES

Annotation: * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 3. The greening of financial market and the heterogeneity test of the greening of real economy.

Variable Name Model 4
Eastern Region

Model 5
Central and Western Regions

loan −0.00050 **
(0.0002)

−0.00106 ***
(0.0002)

insurance −0.00146
(0.0039)

−0.00138
(0.0017)

investment 0.00099 ***
(0.0002)

0.00179 ***
(0.0004)

fin −0.44946 ***
(0.1273)

−0.06478 *
(0.0464)

tech −0.00157 **
(0.0005)

−0.00162 ***
(0.0004)

bus 0.13160 ***
(0.0315)

−0.01049 *
(0.0114)

way −6.99 × 10−6

(0.0000)
3.67 × 10−6 **

(0.0000)

chan 0.49617 **
(0.2086)

0.11712 *
(0.0803)

Province fixed effects YES YES
Year fixed effects YES YES

Annotation: * p < 0.1, ** p < 0.05, *** p < 0.01.

For the control variables, the effects of the level of transportation facilities and indus-
trial structure are both significantly positive. A superior level of transportation facilities can
effectively improve the location advantage of the regional economic system, thus increasing
the attractiveness of investment and promoting the development of advantageous regional
resources, thus contributing to the green and high-quality development of the economy.
A balanced industrial structure is conducive to optimizing resource allocation, improv-
ing resource utilization efficiency, and building an environmentally friendly industrial
structure. Thus, the balanced industrial structure can enhance the industry’s sustainabil-
ity and drive the real economy’s green development, which also confirms the views of
scholars such as Wang [39]. The employment rate and the level of financial technology
significantly inhibit the high-quality green development of the real economy. This is likely
because the increase in employment rate does not significantly promote the improvement
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of employment quality and the professional skills of workers, leading to the inefficiency
of serving the green transformation of enterprises and the green development of the real
economy. The fintech platforms built based on blockchain, big data, and other related
technologies have helped relevant financial institutions improve their work efficiency [40].
However, they are in a rapid development stage, and the related products in the market
are of different quality, thus, not conducive to enhancing their ability to serve the green
development of the real economy.

4. Heterogeneity Test

Considering the different environment of the economy, market, and industrial struc-
tures among different regions, the greening effect of the financial market on the greening
effect of the real economy is bound to be different. Therefore, in order to further understand
this difference, the sample is further divided into two groups in eastern and central and
western regions, and the heterogeneity of the greening of financial markets on the greening
of real economy is investigated. The results are shown in Table 3. Model 4 is the fixed-effect
regression for the eastern region, and Model 5 is the fixed-effect regression for the central
and western region. It can be seen from the analysis results that the coefficient signs and
significance of the core explanatory variables are not significantly different from those of
Model 3 principal regression. However, in terms of green credit, the inhibitory effect of
green credit on the greening of the real economy in Eastern China is weaker than that in
Central and Western China. The main reason is that economic growth in Eastern China
mainly depends on high-tech industries. However, the central and western regions mainly
rely on industries with high energy consumption and high emissions to drive the economy,
so it is easier for green credit to support the industrial development of Eastern China, and
its differentiated interest rate pricing will increase the debt burden of the high-energy in-
dustries in the central and western regions, which is not conducive to the transformation of
the real economy to green in the central and western regions. The impact of green insurance
on the greening of the real economy is still not significant. In terms of green investment,
as the economy of the eastern region is more developed and the degree of marketization
is higher compared to the central and western regions, the government intervenes less
in the direction of economic development and relies on the market to upgrade the green
industrial structure, thus driving the green transformation of the economy. In terms of the
size of the financial market, the financial markets in Eastern China are more developed and
the transactions are more active than those in the central and western regions, which is also
consistent with the analysis above, which states that although the development of finance
will drive economic growth, it also increases energy consumption and is not conducive to
the greening of the real economy.

5. Robustness Test
5.1. Exclusion of Municipalities

The four municipalities in the sample, Beijing, Shanghai, Tianjin, and Chongqing,
have special political status and economic functions, and they may differ significantly from
other provinces in terms of financial market greening and real economic development [41].
Therefore, this paper excludes the four municipalities in the sample for robustness testing.
The results are shown in Model 6 in Table 3. The result is highly consistent with Model 5
in Table 2 of the regression results, which indicates that the main regression results are
robust. The comparison of the regression coefficients reveals that the inhibitory effect
of green credit on the greening development of the real economy is enhanced, and the
promoting effect of green investment on the greening development of the real economy is
weakened after excluding the municipalities directly under the central government. These
results suggest that the municipalities directly under the central government have sufficient
locational advantages in terms of the efficiency of the financial market greening on the real
economy’s high-quality green development. Through their special economic and political
status and geographical advantages, municipalities attract high-tech industries to gather
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and promote the green transformation of enterprises with strong financial strength and
policy convenience to realize the green and high-quality development of the real economy.

5.2. Differences-in-Differences Method

In July 2016, the People’s Bank of China, the Ministry of Finance, and seven other
ministries and commissions jointly issued the Guidance on Building a Green Financial
System. The guidance specifies that China’s green financial system is an institutional
arrangement that supports the transformation of the economy to green through financial
instruments and related policies such as green credit, green bonds, green stock indices,
related products, and green insurance. For the first time, China’s green finance was clearly
defined and the connotations of the green financial system were enriched [42]. Therefore,
in this paper, concerning the approach of Gao et al. [43], considering the lack of policies,
the eastern and central regions of China need the support of green finance more than the
western regions in order to carry out industrial green upgrading and transformation. The
following model is set: treat is the policy dummy variable if the province is in the eastern
or central regions of China, treat equals 1, otherwise, it equals 0; time is the time dummy
variable, but in 2017 and later, it equals 1, otherwise, it equals 0.

Figure 3 shows the parallel trend of the greening of the real economy. Before the
implementation of the “Opinions” in 2017, the greening level of the real economy in
the eastern, central, and western regions of China showed a downward trend, and the
mean difference was small, which met the requirements of parallel trend. The green level
of the real economy began to decline in 2016, which may be related to the “Ecological
Environmental Protection Plan” issued by the Chinese government in 2016, which reduced
the impact of high-polluting enterprises on the environment to a certain extent. It can be
clearly seen that after the implementation of the policy in 2017, the real economy greening
level of the experimental group increased significantly compared to the control group,
indicating the existence of treatment effect. The decline in the greening of the real economy
in 2020 May be attributed to the decline in the level of the real economy due to the impact
of the epidemic and the lack of production in the real economy.

Figure 3. Parallel trend test.



Systems 2023, 11, 161 14 of 17

The double-difference regression results are shown in Model 7 (Table 4). did is the
interaction term coefficient of treat × time, and the results show that the coefficient of did
is positive and significant at 1% when controlling for the time effect and individual effect,
indicating that the green development of the real economy in the experimental group is
significantly enhanced by the policy shock of building a green financial system, i.e., the
green and high-quality development of the real economy in the place will be promoted by
building a green financial system.

Table 4. Robustness tests.

Variable Name
Model 6 Model 7

Coefficient p-Value Standard Error Coefficient p-Value Standard Error

did 0.20079 0.000 0.033
loan −0.00072 0.000 0.0002

insurance −0.00227 0.224 0.0018
investment 0.00138 0.000 0.0002

fin −0.16017 0.054 0.0794
tech −0.00131 0.000 0.0003 −0.00215 0.000 0.0003
bus −0.03084 0.160 0.0213 −0.6230 0.014 0.0239
way 3.01 × 10−6 0.065 1.56 × 10−6 5.60 × 10−6 0.000 1.17 × 10−6

chan 0.28142 0.098 0.1641 0.91007 0.002 0.27333
Province-fixed effects YES YES

Year-fixed effects YES YES

6. Research Conclusions and Recommendations

To help achieve China’s double carbon goal and promote the high-quality green
development of the real economy, it is of great urgency and theoretical and practical
significance to enhance the ability of the financial market to green the real economy. Based
on the principal component analysis, this paper measured the development level of the
real economy in 31 provinces in China from 2011 to 2020. It uses green credit, green
insurance, green investment, and financial market size as the core explanatory variables
to conduct regression analysis on the financial market’s greening and the real economy’s
green development using the fixed-effects model. Moreover, it fully considers the impact
of municipalities and the promulgation of relevant policies. The results show that: 1. Since
2011, the green development of China’s real economy has shown an overall upward trend,
although there have been shocks in some years. Spatially, there is a significant difference in
the green development level of the real economy in the eastern, the central and western
regions. The real economy’s green development level in the east is always higher than in the
middle and west. However, the gap gradually narrows as time advances; 2. The regression
results show that green investment has a significant positive relationship with the green
development of the real economy. In contrast, the green credit, green insurance, and
financial market scale show an inverse relationship with the greening of the real economy;
3. The robustness test shows that the proposal and implementation of national macro
policies can regulate and guide the healthy development of the greening of the financial
market, thus enhancing its efficiency in serving the greening of the real economy and
providing a sustainable green, and high-quality development for the real economy escort.

In order to promote the efficiency of the greening of the financial market to serve the
green development of the real economy, the paper proposes the following recommenda-
tions: 1. Continuously promote the greening of the financial market, improve the green
financial service system, strengthen the innovation and management of green financial
products and the content of activities, broaden the application scenarios of green financial
products, strengthen the role of green finance in guiding the flow of funds, promote the
agglomeration of green industries through efficient allocation of funds, reduce carbon emis-
sions, and promote the greening of the real economy; 2. Smooth the transformation path
of green finance to the real economy, strengthen the government’s green guidance for the
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development of the virtual and real economy, continuously strengthen green supervision,
focus on solving the problems of insufficient investment in the enterprise innovation funds
and mismatch of green resources, and strictly prevent the generation of the “floating green”
behavior; 3. Promote the synergistic development of the financial market in the east and
west, realize the high-quality green sustainable development of the region, actively promote
the scope of the green financial reform pilot, give full play to the role of the pilot to drive the
province, increase regional coordination and cooperation, take the greening of the regional
economy as a grip, and promote the overall high-quality green economic development;
4. Further improve green finance regulatory policies, introduce green-finance-related
business standards, improve the quality of environmental information disclosure by enter-
prises, reduce the information asymmetry between financial institutions and enterprises,
and maintain the continuity and stability of green finance policies.

By constructing an index evaluation system for the greening of the real economy, this
paper studies whether the greening of the financial market can be effectively transmitted
to the field of the real economy by using the fixed-effect panel model and the differential
method, and focuses on the influence of various dimensions of green finance on the green-
ing of the real economy. The research shows that the efficiency of the financial market
transmission to the real economy needs to be improved. However, due to my limited knowl-
edge level, energy, and access to data resources, this study still has many shortcomings. For
example, there is a lack of research on the mechanism of the transmission of the green finan-
cial market to the real economy. The data are mostly macro data, and the lack of detailed
data reflecting the specific development situation affects the depth of the analysis. In future
study and work, the author will continue to carry out more research on the relationship
between the greening of the financial market and the greening of the real economy.
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