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Abstract

With urgent desire of promoting sustainable development, this study explored the impact and affecting mechanism of green
credit on green economy efficiency through spatial lag model. Panel data from 2008 to 2019 of 30 selected provinces and cit-
ies in China were collected to portray the green economy efficiency with application of Sup-SBM DEA including unexpected
outputs. The results show that (1) green credit had significant promoting effect on green economy efficiency, while time—space
inconsistency existed. (2) During the promoting process, level of marketization and environmental regulation generated
threshold effects, which were positively correlated with regional green economy efficiency. (3) Industrial structure upgrad-
ing and environmental investment played positive intermediary roles between green credit and green economy efficiency.
(4) Considering endogenous issues, the positive effect still existed though the promotion effect was weakened. This study
further enriches the literature and provides deep insights into the policy design when formulating the green economy path.

Keywords Green credit - Green economic efficiency - Spatial measurement - Mediating effect - Threshold effect - Quantile
regression

Introduction the Communist Party of China and the State Council issued

the “Opinions on Accelerating the Construction of Eco-

The factor-driven and investment-driven extensive econ-
omy has generated serious negative environmental impacts
especially for developing countries such as China (Wu
et al., 2020). For instance, frequent domestic environmental
pollution incidents, including Yangzonghai arsenic pollu-
tion in Yunnan and water pollution of Songhua River, have
associated with extensive economy growth, which have seri-
ously threatened human health and sustainable development
(Yuan et al. 2020; Cheng and Ge 2020). In this context, the
concept of ecological civilization construction and green
development are of increasing concerns among political
and academic circles. In 2015, the Central Committee of
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logical Civilization,” which for the first time promoted the
importance of “green development” to the same status as
“new-type industrialization, urbanization, informatization,
and agricultural modernization.” The existing literature sug-
gests that green development refers to replacing environ-
mental and natural capital with artificial capital according to
the carrying capacity of resources and environment, which
eventually improve the production efficiency and gradually
transform the economy towards low energy consumption
(Lyytimki et al 2018; Stoknes, 2018). In particular, green
development seeks an optimal balance among resources,
environment, and economy, where the evaluation of mutual
quantitative relationship among economic output, resource,
and environmental input remains the crucial essence. There-
fore, evaluation of green development essentially refers to
the green economy efficiency (Xie and Liu, 2019).

In recent years, with urgent requirements of ecological
civilization construction and economic transformation,
researches on green economic efficiency have gradually
emerged, among which concepts such as ecological effi-
ciency, energy efficiency, and resource allocation efficiency
reflect certain aspects of green economic efficiency (Wang
and Yi, 2021). Regarding the impact of green economy
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efficiency, the existing literature generally believes that
factors such as urban innovation investment, economic
agglomeration, industrial agglomeration, and environmental
regulation are influential factors to improve the efficiency of
regional green economy (Ma and Liu, 2021; Wang et. al.,
2020; Hu et. al., 2020). Nevertheless, the development of
green economy requires the finance tilt of funds. Therefore,
in 2021, in order to ensure the steady development of the
green economy, the State Council of China issued guidelines
and proposed the development of green credit to promote
green transformation, emphasizing the role of green finance
in the modern green development system. Theoretically,
green credit applies differentiated monetary and financial
policies to increase fund provision and form environmen-
tal investment through credit tilt and interest rate floating,
which reduces corporate financial costs and promotes eco-
nomic structure, and thus improving green economic effi-
ciency (He et al. 2018; He et al. 2019; Liu et al. 2019).
However, the existing literature exist deficiencies regarding
empirical analysis, where the impact path of green credit on
the green economy development should be clarified. There-
fore, the following questions have been proposed: (1) May
green credit effectively support the development of green
economy? (2) May green credit have threshold characteris-
tics during the promoting process? What is the transmission
mechanism? (3) Whether there exists heterogeneity in the
promoting effects in different regions and time dimensions.
In order to fill the academic gap and answer the afore-
mentioned questions, this study employed panel data from
2008 to 2019 in 30 cities and provinces in China, and intro-
duced Sup-SBM data envelopment analysis (DEA) of unex-
pected output to calculate China’s green economy efficiency.
Subsequently, a spatial lag model was applied to portray
the impact mechanism of green credit on green economy
efficiency as well as its heterogeneity. This research fur-
ther enriches the literature and detects the promoting path
of green credit on green economy efficiency. The rest of
this study is outlined as follows: theory and hypotheses are
elaborated in the “Theory and hypotheses” section, while
methods are indicted in the “Methods” section. The “Empiri-
cal analysis” and “Expansion analysis” sections present the
empirical analysis and expansion analysis, respectively. The
“Conclusions” section draws the conclusions.

Theory and hypotheses

Green credit and green economic efficiency

Green credit is one of the most important green financial
instruments in China (Yang et al. 2020). With rapid develop-

ment of green credit, as of June 2020, the balance of green
credit has exceeded 11 trillion yuan, which has become the

key support to achieve the green economy (An et al. 2021).
Jeucken (2001) regarded green credit as sustainable financ-
ing, where banks provided financing facilities for green pro-
jects to achieve the purpose of guiding green development.
Maeda et al. (2001) and Hu et al. (2011) qualitatively con-
firmed that the development of green credit could promote
green economic growth. Other literature indicated that green
credit policies achieved in promoting industrial upgrading
and environmental quality as well as green economic effi-
ciency (Cai et al. 2019; Sun et al. 2019; Hu et al., 2020). In
addition, Xie and Liu (2019) believed that green credit could
improve the efficiency of regional green economy through
changing the structure of green consumption and promoting
the innovation efficiency. Therefore, the following hypoth-
esis is proposed:

H1I: Green credit can effectively elevate the green econ-
omy efficiency.

Threshold effect of environmental regulation

The balance between profitability and security remains the
crucial target pursued by financial institutions (Chen and Xu,
2015). In the short term, under environmental regulations,
green credit tends to have a negative impact on the efficiency
of China’s green economy, among which heavy-polluting
industries bear the brunt (Wang and Chen, 2018). There-
fore, there exists high credit risk when financial institutions
issue funds to heavily polluting companies. Although in the
long run, environmental regulations can promote green inno-
vation and accelerate the transformation and upgrading of
enterprises, both innovation and transformation in the short
term will aggravate the uncertainty of enterprises and also
increase the difficulty of credit risk management. Hence,
with strengthening on regional environmental regulations
and policies, financial institutions will actively respond to
green credit policies due to the need of risk aversion. For
instance, efforts can be made in reducing credit to heavily
polluting companies while turning to green industries, and
thus improving the efficiency of regional green economy
(Guo et al. 2019; Wang and Qi, 2021; Tong et. al., 2016).
Therefore, the following hypothesis is proposed:

H2: Environmental regulation generates threshold effect
during the promoting process of green credit on green
economy efficiency.

Threshold effect of the degree of marketization
Development of green credit is indispensable from market
promotion. High degree of marketization can facilitate green

credit policies and guide the entry of financial capital, and
thus promoting the development of regional green economy.
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Further development of the market can accelerate the cir-
culation of green credit resources, optimize the efficiency
of resource allocation, promote the development of green
industries, and improve the efficiency of green economy. In
addition, with the development of regional marketization,
enterprises enjoy broader financing channels and regional
financial institutions participate in green credit more
actively, which creates the improved environment for green
credit policies and indirectly boost regional green economy
(Zhang et al. 2021). Therefore, H3 is proposed as follows:

H3: Degree of marketization has threshold effect during
the promoting process of green credit on green economy
efficiency.

The intermediary transmission effect
of environmental investment

Environmental investment essentially refers to the capital
investment, which requires the source of funds as a guar-
antee. In practical, green credit remains the major funding
source for industrial pollution control, energy conservation,
and environmental protection projects. Green credit directly
affects the level of environmental investment through the
allocation of credit resources and the guidance of consumer
investment behavior. Regarding the path of environmental
investment to green economic efficiency, environmental
investment involves environmental protection and eco-
nomic development, which will affect energy consumption
and economic growth. Subsequently, the effects are reflected
in promoting economic growth, optimizing environmental
quality, and reducing energy consumption. On the whole,
environmental investment ultimately affects the development
of the green economy. Hence, the following hypothesis is
proposed:

H4: Environmental investment plays an intermediary role
between green credit and green economy efficiency.

The intermediary transmission effect of industrial
structure upgrading

The promotion of green economic efficiency through green
credit is associated with the level of industrial structure
upgrading. Green credit regards green capital as the core
(Hu et al. 2020), through which social capital is guided
to flow into low-carbon and environmental-friendly green
industries, thus promoting industrial upgrading, reducing
resource waste and environmental pollution, and enhanc-
ing green economy (Cheng and Ge, 2020; Wen et al.,
2021). Yin and Wang (2016) argued that while develop-
ing green credit, attention should be paid to environmental
protection and pollution control in order to accelerate the
economic transformation, promote the industrial struc-
ture upgrading, and achieve efficient green economy. In
addition, Long and Chen (2018) conducted the empiri-
cal research and concluded that green credit can facili-
tate capital flow into green industries and thus enhancing
economic transformation. Therefore, HS is proposed as
follows:

H5: Industrial structure upgrading plays an intermediary
role between green credit and green economy efficiency.

Theoretical mechanism model

With reference to the existing literature, this study built a
theoretical mechanism model, portraying the impact path
of green credit policy on the efficiency of green economy
based on the abovementioned hypotheses, which is shown
in Fig. 1.

Fig. 1 Impact path of green
credit on the efficiency of green
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Methods

Model and methodology

Selection and construction of spatial measurement
model Since the SDM (spatial Dubin model) model com-
bines the advantages of SAR (spatial lag model) and SEM
(spatial error model) models, it can not only analyze the
spatial correlation between green credit and green economic
efficiency, but also explore the spatial impact of random
shocks. Therefore, with application of SDM model, this
study constructed the modified model to capture the affect-
ing mechanism of green credit on green economy efficiency,
which is shown as follows:

GEE, = py, + pWGEE, + p,GC; + B, X, + 0, WGC}, + 0, WX, + &;,
ey
In particular, GEE,,, GC,, refer to the green economic
efﬁc1ency and green credit in the tth year in i region respec-
tively, X;, is the control variable, W indicates the spatial
weight matrlx, and ¢; represents the random disturbance
item. When 6,=0, the SDM model will degenerate into a
SAR model while the SDM model will degenerate into an
SEM model if 6, = —f,.

Exploratory spatial analysis Before application of spatial
measurement model, this study employed Moran’s index to
analyze the spatial dependence of green credit and green
economy efficiency variables among different provinces. In
detail, the Global Moran’s I falls between — 1 and 1. In par-
ticular, O to— 1 indicates negative correlation, while O to 1
implies positive correlation.
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Spatial matrix Based on the panel data model, a spatial
weight matrix was incorporated to clarify the positional
relationship among individuals. The mainstream weights
include geographic weight matrix, economic weight matrix,
and neighbor weight matrix. Due to the competition among
regional governments, the development of green economy
in neighboring regions also promotes the efficiency of local
green economy. Therefore, the relationship among the vari-
ables should be discussed taking geographical weight dis-
tance into account.

Geographic distance

Wu = l/d,»j,i #]J 3)

Threshold model In order to detect the impact path of green
credit and clarify the prerequisites, this study considered
green credit, environmental regulations, and the degree of
marketization as threshold variables to formulate the thresh-
old model. In addition, scenarios with different levels of
threshold values were concerned to capture the threshold
effect of green credit.

GEE = ay + a,GC{ER < ¢} + a,GC{ER > ¢} + X, + &,
)
GEE = ay+ a,GC{DM < ¢} + a,GC{DM > ¢} + tX; + &,
(%)

Data and index selection

Considering the availability of data and representativeness
of the research, panel data of 30 selected provinces and
cities in China from 2008 to 2019 were collected from
published data sources such as China Statistical Yearbook,
China Environment Statistical Yearbook, and China Finan-
cial Statistics Yearbook.

Explained variable

This study considered green economic efficiency (GEE)
as explained variable. Unlike green GDP, green economy
refers to the production method that takes the coordi-
nated development of ecological economy as the core
and achieves resource utilization efficiency through tech-
nological progress (Liu et al., 2019). In essence, green
economic development refers to a net positive effect of
national economic growth. According to the existing lit-
erature (Ma et. al., 2019), GEE was measured as follows:
taking capital stock, labor, and energy as input elements;
GDP as the expected output; effluent, waste gas, and solid
waste are the undesired outputs. Each variable is treated
as shown in Table 1. In detail, fixed capital is represented
by investment in fixed assets of the whole society in the
current year. The fixed asset investment price index is
deflated to the constant price in 2007, with the unit of 100
million yuan. The labor input is measured by the number
of employees in the whole society at the end of the year,
with the unit of 10,000. Taking into account the struc-
tural differences in energy utilization between regions and
dynamic change characteristics, energy input is measured
through total energy consumption with the unit of 10,000
tons of standard coal. Expected output was represented
by regional GDP of current year. Besides, the descriptive
statistics of following variables are listed in Table 1.
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Table 1 Green economy efficiency

Category Index Explanation

Unit

Input Fixed capital

Adopt the total investment in fixed assets of the whole soci-

100 million yuan

ety (perpetual inventory method)

Human capital
Energy input
Regional GDP
Solid waste

Expected output
Unexpected output

SO, Industrial sulfur dioxide emissions

Industrial effluent

Employed persons at the end of the year

Energy consumption of the whole society

Real GDP of each province at constant prices in 2007
Industrial solid waste

Industrial effluent discharge

10,000 persons

10,000 tons of standard coal
100million yuan

10,000 tons

10,000 tons

10,000 tons

Core explanatory variable

Green credit (GC) is the core explanatory variable in this
study. At present, the academic measurements of green
credit mainly include the ratio of green credit, the pro-
portion of loans for energy-saving and environmental
protection projects, the “bank loan” in industrial pollu-
tion control investment, and the inverse indicator of six
energy-intensive industries (Hu and Li, 2015; Xie and
Liu, 2019). The data on the proportion of green credit
and the proportion of loans for energy conservation and
environmental protection projects mainly derive from the
“Social Responsibility Report” of five large commercial
banks and some joint-stock banks in China. However, the
above imitation method cannot be applied since the data
on bank loan in the industrial pollution control invest-
ment were no longer counted since 2010. Therefore, this
study applied the ratio of the interest expenditure of the six
major energy-intensive industries in the provinces to the
total industrial industry interest expenditure as the inverse
indicator to measure green credit.

Threshold variables

Environmental regulation (ER) ER refers to a series of pol-
icy and institutional measures carried out by government
to force companies to promote technological innovation-
structural upgrades and thus green economy. With refer-
ence to the research conducted by Kang and Ru (2020), this
study characterized the strength of regional environmental
regulation with relationship between regional GDP and total
regional energy consumption.

The degree of marketization (DM) Market-oriented develop-
ment can promote the capital flow of green credit and thus
invisibly improving the efficiency of the green economy.
Therefore, the article applied marketization indexes con-
structed by Fan et al. (2003) to characterize the degree of
marketization.

@ Springer

Control variables

Foreign direct investment (FDI) Foreign direct investment
has been argued to have two side effects, which are inextri-
cably linked to the efficiency of China’s green economy. In
this study, FDI was measured by the logarithm of the actual
total amount of foreign investment.

Industrial structure upgrading (ISU) Industrial structure
upgrading refers to the evolution of industries from low-
end industries to high-end industries. In order to scientifi-
cally characterize the degree of industrial structure upgrad-
ing, this study constructed an industrial structure-upgrading
index according to Wang et al.’s (2015) industrial structure
upgrading method. The specific formula is as follows:

In particular, W,, W,, and W, represent the proportions of
the three major industries, while 1, 2, and 3 are the weights
of three industries. The higher the comprehensive index, the
more significant the upgrading of the industrial structure.

Industrial level (ID) Industrialization and regional green
development are complicatedly related. The traditional
industrial system is considered the main polluting source
of regional environment. However, with the development
of industrial intelligence, whether the modern industrializa-
tion level alleviates regional environmental pollution thus
promoting green development remains the question. Hence,
industrial level was measured by the ratio of secondary
industry to regional GDP in current study.

Urbanization level (URB) During the process of urbaniza-
tion expansion, a large number of energy-intensive products
such as steel and cement are consumed for infrastructure
construction and housing construction, resulting in a large
amount of pollutant emissions. Therefore, urbanization
is another reason that hinders the development of green
economy (Liu and Xie, 2017). This study employed the
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proportion of urban population to total population at the
end of the year to characterize the level of urbanization.

Empirical analysis

Analysis of direct effects

Correlation and multicollinearity analysis In order to avoid
serious multicollinearity problems among variables, the cor-
relation and multicollinearity were tested. The results are
listed in Table 2. The results show that the VIF values are all
less than 5, indicating no serious multicollinearity problem.

Spatial correlation analysis In order to verify the spatial
correlation between green credit and green economic effi-
ciency, this study constructed a weighted distance matrix
based on geographic distance and calculated the Moran’s /
regarding GC and GEE. As shown in Table 3, Moran’s / of
Table 2 Multicollinearity test

GC and GEE is both positive, passing the significance level
test. Therefore, there exists a certain spatial agglomeration
effect of GC and GEE, which provides a scientific basis for
the following research.

On the other hand, this study drew the Moran’s [ scatter
plot based on the geographical weight matrix and selected
data through STATA12 software to further analyze the spa-
tial relevance of green credit and green economic efficiency.
As shown in Figs. 2 and 3, the green credit and green eco-
nomic efficiency of various provinces and cities are mainly
concentrated in the first and third quadrants, indicating a
strong spatial aggregation effect, which verifies the spatial
correlation of green credit and green economic efficiency in
the selected areas.

Spatial model selection This study introduced a variety of
spatial measurement models for empirical analysis. With
reference to Anselin’s (1988) research, the p value of Haus-
man test of current research model is 0, passing the sig-
nificance test, which verified fixed effects model to be more

Variable GEE GC ISU FDI URB ID VIF

GEE 1.000

GC 0.597* 1.000 1.67

ISU 0.581* 0.373* 1.000 2.05

FDI 0.483%* 0.507* 0.092 1.000 1.38

URB 0.509* 0.388* 0.529* 0.180* 1.000 1.49

1D —0.240%* -0.069 —0.584* 0.079 —0.339* 1.000 1.61

##ip <0.01, *#p <0.05, *p<0.1

Table 3 2008-2019 Moran’s / index of green credit and green economy efficiency

Year GEE GC Year GEE GC Year GEE GC

2008 0.341%** (2.351) 0.406*** (2.716) 2012 0.416%%* (2.786) 0.679*** (4.415) 2016 0.345%** (2.359) 0.631*** (4.089)
2009 0.438%** (2.917) 0.522%**% (3.423) 2013  0.390%%* (2.625) 0.655%** (4.279) 2017  0.306*** (2.133) 0.506*** (3.295)
2010 0.448%** (2.982) 0.556*** (3.684) 2014  0.357*** (2.432) 0.604***(3.939) 2018 0.091%* (1.788) 0.516%** (3.376)
2011  0.424%** (2.838) 0.701*** (4.569) 2015 0.130%* (1.918) 0.574*** (3.765) 2019 0.201** (1.459)  0.439*** (2.898)
***p < 0.01,%*%p < 0.05, *p < 0.1

Table 4 Model testing

Testing method Statistics Probability Testing method Statistics Probability
LM-Spatial_Lag 3.7473 0.053 Wald-Spatial_Lag 29.734 0.672
Robust-LM-Spatial_Lag 42.8953 0.000 LR-Spatial_Lag 18.371 0.621
LM-Spatial_Erro 0.1430 0.705 Wald-Spatial_Erro 22.145 0.635
Robust-LM-Spatial_Erro 39.2911 0.000 LR-Spatial_Erro 20.751 0.723
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Table 5 Estimated results of green credit and green economy efficiency
Variable SEM SAR
Coef T P Coef T P
GC 0.2473 %% 2.9506 0.0032 0.2439%** 29176 0.0035
ISU 0.8928 % 5.2077 0.0000 0.7545%** 4.3189 0.0000
FDI 0.0212%%** 5.5234 0.0000 0.0188*** 3.8947 0.0000
URB 0.0008 3.0635 0.0022 0.0001** 2.6885 0.0071
D 0.0020 1.0197 0.3078 0.0018 0.9317 0.3514
W*GEE 0.1099** 2.1001 0.0357
A —-0.0279 —0.4928 0.6221
R-sq 0.7492 R-sq 369.1633
Log-L 367.2066 Log-L 256.9617

wwkp <0.01, #4p <0.05, *p<0.1
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valid than the random effects model. At the same time, with
the references to LM and R-LM tests (Table 4), the SAR
model is argued to be superior to the SEM model; while
from the WALD and LR tests, it can be concluded that the
SDM model fails the significance test and can be degraded
to SAR and SEM. With additional application of R-sq and
Log-L (Table 5), SAR model was further verified. Thus, the
subsequent analysis was conducted based on SAR model.

Direct effect relationship As can be seen from Table 5,
W#*GEE in the spatial measurement model is significantly
non-zero at the 5% significance level, indicating that there
exists certain spatial spillover effect in the green economic
efficiency among China’s provinces and cities. Regarding
Table 4, it can be seen that the effect path of green credit
on the efficiency of the green economy is 0.2439*** which
passes the test at the 5% significance level. Therefore, green
credit tends to be the key foundation and guarantee for the
development of green economy efficiency. In detail, green
credit facilitates funds gathering through credit tilt and inter-
est rate floating with differentiated monetary and financial
policies. In addition, green credit restricts provision of loans
for high-pollution and high-energy-consuming projects, and
provides green support for energy conservation and envi-
ronmental protections, which reduce the financing costs
of green enterprises, promote industry-economy-energy

Table 6 Threshold effect test

structure upgrading, and eventually improve the efficiency
of green economy. Therefore, hypothesis 1 is accepted.

Regarding the control variables, the industrial structure
upgrade has significantly improved the green economic effi-
ciency (the coefficient equals to 0.7545%**). The reasons
may include the transferring to low-carbon economy, elimi-
nation of backward production capacity, funding on green
technology research and development, and green transfor-
mation of traditional industries. In addition, foreign direct
investment (with coefficient of 0.0188***) and urbanization
(with coefficient of 0.0001***) remain the factors influenc-
ing green economy efficiency. In particular, the competition
among regional governments promotes the regulation of FDI
and construction of new urbanization. However, the impact
of industrialization is not significant since the coefficient
equals to 0.0018.

Threshold effect analysis

The promoting effect of green credit on the efficiency of
regional green economic development has been verified,
but there exists prerequisites. Regarding the current eco-
nomic development in China, government’s environmen-
tal regulations and degree of marketization tend to be the
indispensable prerequisite of green economic development.

Threshold value: degree of marketization

Threshold Threshold value Confidence interval Fstat Prob Critl0 Crit5 Critl
Single  7.600 7.285-7.700 73.050 0.002 23.890 30.804 47.087
Threshold value: environmental regulation

Threshold Threshold value Confidence interval Fstat Prob Critl0 Crit5 Critl
Single  2.496 2.341-2.592 119.700 0.000 18.223 22.301 32.492
Table 7 Regression results of threshold effect

GEE Coef SE T GEE Coef SE T

The degree of marketization as a
threshold variable

Environmental regulation as a
threshold variable

ISU 0.808*** 0.159 5.090
FDI 0.012%* 0.005 2.700
URB 0.001%** 0.000 2.420
1D 0.004* 0.002 1.940
DM <7.600 GC 0.098 0.079 1.240
DM>7.600 GC 0.232%%* 0.080 2910

ISU 0.875%** 0.148 5.900
FDI 0.013%** 0.004 3.050
URB 0.001*** 0.000 3.680
ID 0.003*** 0.002 2.020
ER<2.496 GC 0.044 0.075 0.590
ER>2.496 GC 0.296%** 0.083 3.550

w8 < 0.01, #4p <0.05, *p<0.1
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Therefore, the threshold value of environmental regulation
and degree of marketization were examined during the pro-
moting process.

Degree of marketization The market can reduce the nega-
tive impact caused by government regulations, and thus
promoting innovation, optimizing the credit resources, and
improving the efficiency of social green economy. However,
the development of marketization is a dynamic evolution
process with regional differences, while the research on the
extent to which green credit affects the efficiency of green
economy is insufficient (Zhang et al. 2021). Hence, this
study discussed the threshold effect of marketization under
the synergy of Hansen’s (1999) threshold model. The results
are shown in Table 6.

As can be seen from Table 6, considering the degree of
marketization as the threshold variable, the single threshold
value of the degree of marketization passes the 1% signifi-
cance level, while the double threshold value is insignificant.
Hence, green credit is concluded to have single threshold

effect on the improvement of green economic efficiency. In
addition, Fig. 4 indicates the relationship between estimated
threshold value and LR. The threshold value of 7.600 falls
into the confidence interval (7.285-7.700). Thus, the thresh-
old effect of the degree of marketization can be verified.

On the other hand, the panel threshold model was further
introduced for comprehensive analysis, of which the results
are shown in Table 7. When degree of marketization is lower
than the single threshold value of 7.600, green credit has
insignificant positive effect on green economic efficiency,
while the positive effect becomes significant (rising from
0.098 to 0.232) when single threshold value is greater than
7.600. Therefore, when regional marketization has reached
a certain level, efficiency of the regional green economy can
be improved through funding resource optimization, indus-
trial transformation, and so on. Subsequently, hypothesis 2
is accepted.

Environmental regulations The degree of marketization can
optimize the rational allocation of credit factors. However,

Fig.4 The relationship between
the estimated value of marketi-
zation threshold and LR
8
®
© | _
wn
o
-
2 ; 6 8 10
Threshold
Table 8 Quantile regressions Quantile
of factors affecting green _ _ _ _ _ _ _ _ _
economy efficiency GEE p=0.1 p=02 p=03 p=04 p=0.5 p=0.6 p=0.7 p=0.8 p=0.9
GC 0.022 0.085%*  0.116%** (.143%**% (. 189%** (. 189***  (207*** (.256%*%*  (.306%**
FDI  0.031%%* (,027%*% (.023%%* (,021%*%* (.022%%* (.022%%*  (,023%** (,022%**  (.025%%*
URB 0.001%*%* (0.001%*** 0.001%%* (0.001*** (0.001*** (0.001*** 0.0001*** (0.001%***  0.00]%***
ISU  0.164%% (0.274%*% (.3]12%%* (.354%%* (.439%%* () 439%kx () 584%%*k () 746%** (), ]72%%*
D 0.001 0.001%*** 0.001%* 0.001#** 0.001**  0.001%%* 0.002 0.002 —0.001

wkp <0.01, #*p <0.05, *p<0.1
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Fig.5 The relationship between
the estimated threshold value
of environmental regulation
and LR

LR Statistics

Threshold

China is geographically vast and there exists inconsistency
in the degree of regional marketization. In the regions with
low degree of marketization, environmental regulations
remain the core driving factor for the development of green
credit. Particularly, environmental regulations can effec-
tively avoid the barriers faced by green economy resulted
from market failure (Guo et al. 2019). With application of
Hansen’s threshold model (Hansen 1999), the results of
threshold effect of environmental regulation are shown in
Table 6. In detail, considering environmental regulation as
the threshold variable, the single threshold value passes the
test at the 1% significance level. Thus, there exists single
threshold effect of environmental regulation. Figure 5 indi-
cates the relationship between estimated threshold value and
LR. The threshold value of 2.496 falls into the confidence
interval (2.341-2.592). Hence, the threshold effect of the
environmental regulation can be verified.

In addition to the above tests, the regression analy-
sis of panel threshold model was further carried out. The

Table 9 Endogenous tests—SYS-GMM test

regression results are shown in Table 7. When the thresh-
old value of environmental regulations exceeds 2.406,
the improvement path of green credit rises from 0.044 to
0.296***, passing the significance level test. Therefore,
there exists significant synergy effect between environmen-
tal regulations and green credit. In order to comply with
government regulations, financial institutions may increase
green credit investment and strengthen green economic out-
put, thus forming an innovative compensation effect. Subse-
quently, hypothesis 3 can be verified.

Quantile regression analysis

Application of fixed-effect SAR model to analyze the
impact path can only partially reflect the relationship,
failing to focus on the role of green credit under different
efficiencies of regional green economic. Therefore, panel
quantile regression was introduced to effectively solve the

GEE Coef SE T P Confidence interval Sig

L.GEE 0.6914 0.0209 33.053 0.000 0.6504 0.7324 Hkok

L.GC 0.0936 0.0145 6.432 0.000 0.0651 0.1222 Hkok

GC 0.1128 0.0177 6.357 0.000 0.0780 0.1476 Hkok

FDI 0.0123 0.0010 12.125 0.000 0.0103 0.0143 Hkok

URB 0.0001 0.0000 1.985 0.046 0.0000 0.0001 Hk

ISU 0.2108 0.0290 7.256 0.000 0.1539 0.2677 Hkok

ID —0.0008 0.0014 —6.066 0.000 —0.0011 —0.0005 Hkk

Constant —0.6348 0.0701 -9.059 0.000 —-0.7722 -0.4975 Hkok

Sargan Chi? P> chi? AR (1) 4 P> chi? AR (2) Z P> chi?

23.4339 0.9998 —1.3675 0.1715 0.1845 0.8536

#Hkp < 0.01, *¥p <0.05, *p<0.1
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abovementioned defect as well as overcome the heterosce-
dasticity. Table 8 shows the regression results with nine
selected quantile points (0.1-0.9). Comparing the results
listed in Table 8 with the results listed in Table 5, there
exist different impact paths under different quantiles of green
economic efficiency. On the whole, the direction of path
coefficient of panel quantile regression is consistent with
the previous promotion effect. Under different quantiles, the
promotion effect of green credit presents an upward trend
with increase in quantiles, indicating the positive correla-
tion, which further verifies hypothesis 1.

Expansion analysis
Endogenous test

Due to two-way causality or omitted variables, there may
exist certain endogenous problems, leading to deviations in
research. Therefore, endogenous analysis is desirable. This
study applied SYS-GMM and treated lag period of green
economic efficiency as an instrumental variable to explore
the endogenous problem, which resolves the inconsistent and
biased dilemmas of model estimation as well as weakness
associated with DIF-GMM (Arellano and Bond 1991; Blun-
dell and Bond 1995). With reference to research conducted
by Jing and Zhang (2014), this study considered lag period
of green credit as the explanatory variable and integrated
it into the regression model to deal with endogenous prob-
lem caused by omitted variables. Therefore, the dynamic
characteristics of environmental pollution can be described
and other factors affecting environmental pollution can be
involved into the model, which eventually reduce the devia-
tion of conclusions.

The results of endogenous test are presented in Table 9.
The path coefficient of green economy efficiency lag phase
one (L.GEE) is significantly positive, which verifies the
rationality of the research results and shows that the green
economy efficiency has a certain degree of accumula-
tion. According to the regression results, AR (2) fails to
pass the significance test, indicating that the second-order
serial correlation of the random error term does not exist.
Furthermore, Sargan test shows that the instrumental vari-
ables selected are valid. Thus, the regression results of this
research are concluded to be reliable. As shown in Table 9,
the impact path refers to 0.1128, passing significant test at
1% level. Therefore, considering the endogenous problems,
the promoting effect of green credit can still be verified.

Heterogeneity test

The marginal benefit of green credit to green economy effi-
ciency may depend on the specific socio-economic environ-
ment and national industrial policies. In order to accurately
explore the marginal benefit, an extended analysis in time
and space was conducted.

Temporal and spatial heterogeneity In 2013, China began
to upgrade the construction of ecological civilization at
national strategic level with relative regulations promul-
gated, and green economy has become the core target. Thus,
the year of 2013 was selected as time node, and attention
was made on the relationship between green credit and green
economic efficiency in the 6 years before and after 2013
(namely from 2008 to 2019).

As shown in Table 10, from 2008 to 2013, the path
coefficient of green credit refers to 0.1007 failing to pass
the significance test, while the path coefficient regarding

Table 10 Analysis of

LY Vari-  2008-2013 2014-2019 Coastal provinces Non-coastal provinces
heterogeneity-time and
regional dimensions Coef T Coef T Coef T Coef T
L.GEE 0.9574*** 6.0591  0.4088***  9.1870 0.6109%** 6.7807 1.4615%%** 21.0102
GC 0.1007 1.4305  0.1104%**  3.8402 0.3589*** 2.5721 0.1259%* 1.7423
FDI 0.0001 —0.2832 0.0537***  7.5643 0.0270*** 4.8203 —0.0068%** —3.2012
URB  0.0001#***  —5.1423 0.0008 0.5547 —0.0002 —1.0592 —0.0005%** —6.5738
ISU 0.0931#** 6.0291  0.3950%**  3.2421 0.9892 1.4913 —0.1777%%** —-2.5118
ID 0.0009***  4.1124 —0.0042%** —4.4145 0.0029 0.4104 0.0007%* 1.9601
Sargan Chi? P>chi?  Chi? P>chi2  Chi? P> chi? Chi? P> chi’
26.9088 0.1378  20.6594 0.4174 247329  0.3467 21.8946 0.5642
AR() Z P>chi> Z P>chi>? Z P> chi? 4 P> chi?
—2.1701  0.0300 —1.1149 0.2649 —1.4185 0.1560 —2.2268 0.0260
AR(22) Z P>chi> Z P>chi>? Z P> chi? 4 P> chi?
0.2111 0.8328 —0.4088 0.6827 0.5908 0.5546 0.5248 0.5997

*#k¥p <0.01, **p <0.05, *p<0.1
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2013-2018 equals to 0.1104***_ passing the significance
test at 1% level. In detail, the reason is that before 2013,
the factor input-driven economic growth model was still
the main melody of national development, where the green
credit system was incomplete under the drive of govern-
ment competition and economic interests, and could not
be regarded as the key factor to improve the efficiency of
regional green economy. After 2013, the green development
gradually became the national strategy. Subsequently, green
financial system kept modifying and thus promoting green
economy efficiency.

Regional heterogeneity Coastal areas are increasingly
becoming the demonstration area of intelligent manufactur-
ing, open economic construction, and green development,
which possess the typical characteristics of green economic
development and can effectively drive and shape a green pat-
tern of regional coordinated development. Regarding inland
areas, which serve as the carrier of industrial transfer from
coastal provinces, high pollution industries still play the
important part of economic growth implying deficient indus-
trial structure. Considering the differential development, this
study divided the selected provinces and cities into coastal

Table 11 Tests on mediating effect of environmental investment

economic zones and inland economic zones in order to ver-
ify regional heterogeneity and strive for synchronous devel-
opment. As can be seen from Table 10, green credit serves
as key factor in improving the green economy efficiency
regardless of regional differences. However, the promot-
ing effect in coastal areas (with coefficient of 0.3589%%*)
is significantly greater than that of the inland areas (with
coefficient of 0.1259%%*). Possible reasons may include more
comprehensive green credit system and benefits from the
national industrial policy in coastal areas. Yet, inland areas
bear inadequate market mechanisms, ineffective government
interventions, and inefficient allocation of credit resources,
which eventually hinder the promoting effect.

Analysis of transmission mechanism

Although the promoting effect of green credit on green
economy efficiency has been verified, exploration of trans-
mission mechanism remains absent. Therefore, this study
treated industrial structure upgrading and environmental
investment as intermediary variables to detect the mediat-
ing effects and thus the transmission mechanism implied.
The results are presented in Tables 11 and 12.

Path Intermediary variable: environmental governance investment

Direct effect

Confidence interval (bootstrap: 1000) 95%

GC-GEE  Coef SE T BC p
0.2328 0.0853 2.7280 0.0553 0.3914 0.0682 0.4035
Indirect effect Confidence interval (bootstrap: 1000) 95%
Coef SE T BC p
0.0500 0.0242 2.0661 0.0056 0.1157 0.0037 0.1129
Total effect Confidence interval (bootstrap: 1000) 95%
Coef SE T BC p
0.2828 0.0855 2.9872 0.1163 0.4595 0.1166 0.4601

w8 < 0.01, 4 <0.05, *p<0.1

Table 12 Tests on the mediation Path
effect of industrial structure

Intermediary variable: industrial structure

upgrading Direct effect

Confidence interval (bootstrap: 1000) 95%

GC-GEE Coef
0.2327%%:
Indirect effect
Coef

0.104 2%
Indirect effect
Coef

0.3369%**

SE T BC p

0.0866 2.6871 0.0763 0.4101 0.0672 0.4007
Confidence interval (bootstrap: 1000) 95%

SE T BC p

0.0448 2.3259 0.0272 0.2105 0.0201 0.1938
Confidence interval (bootstrap: 1000) 95%

SE T BC p

0.0943 3.5726 0.1559 0.5144 0.1472 0.5110

w5k p <0.01, ** p<0.05, * p<0.1
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The mediating effect of environmental investment Table 11
indicates the results of mediating effect analysis, where the
coefficient of indirect effect of environmental investment
equals to 0.0500%*, passing the significance test with the
confidence interval not covering zero. Therefore, environ-
mental investment is verified to have mediating effect during
the promoting process. In detail, green credit provides finan-
cial support for environmental investment and thus improv-
ing the efficiency of green economy. Hence, hypothesis 4
is accepted.

The mediating effect of industrial structure upgrad-
ing Table 12 presents the results of mediating effect of
industrial structure upgrading, where the coefficient of
indirect effect equals to 0.1042%**, passing the significance
test with the confidence interval not covering zero. Hence,
industrial structure upgrading is concluded to have medi-
ating effect. The transmission mechanism implied can be
shown as follows: Green credit provides the financial sup-
port to industries; and promotes the transfer from low value-
added and heavily polluting industries to high value-added
and environmentally friendly industries. Subsequently, the
proportion of pollution-intensive industries can be reduced
and efficiency of green economy can be improved. Thus,
hypothesis 5 is accepted.

Conclusions

With increasing pursuit of sustainable development and
green economy, this study detected the impact and trans-
mission mechanism of green credit on green economy effi-
ciency in order to enrich the literature and provide deep
insights into the promoting policy design. Panel data from
2008 to 2019 in 30 selected provinces and cities in China
were collected to portray the green economy efficiency with
application of Sup-SBM DEA including unexpected outputs.
Subsequently, a spatial lag model was applied to portray the
relationships as well as implied heterogeneity. The results
verified the promoting impact of green credit on green econ-
omy efficiency, and the conclusion and policy implications
are drawn as follows.

(1) The green credit system should be improved to pro-
mote the green economy efficiency. Regional govern-
ments should take the green development as target and
improve the green credit system. Differentiated mone-
tary and financial policies can be applied through credit
tilt and interest rate floating to accumulate funds and
stimulate environmental investment with lower credit
costs. Eventually, economic structure can be optimized
and thus improving green economy efficiency.

@ Springer

(2) Since marketization degree and environmental regula-
tion have threshold effect, which are positively corre-
lated with regional green economy efficiency, the scope
of the threshold effect should be defined to consolidate
the regional promotion path. Regional government
should strengthen the prerequisites of promoting effect,
scientifically clarify the intensity of environmental
regulation as well as the degree of marketization, and
steadily improve the efficiency of the green economy.

(3) Industrial structure upgrading and environmental
investment played positive intermediary role during the
promoting process, which should be clarified as core
transmission mechanism. Thus, rational environmen-
tal investment mechanism should be constructed and
industrial structure upgrading should be optimized to
amplify the intermediary transmission effect. In detail,
measures including formulation of stricter environ-
mental regulations, coordination with green credit,
accelerating industrial structure upgrading, and reduc-
ing energy rebound can promote the green economy
development.

(4) Regarding regional development differences, promotion
path should be differentiated. According to regional
political-economic-cultural characteristics, the green
economy targets should be clarified. Regional super-
vision mechanism should be established to adjust the
level of green credit regarding the heterogeneity of pro-
moting effect. Subsequently, in-depth transformation of
economic and energy structure can be promoted and
thus enhancing the regional green economy efficiency.
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