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Understanding the effects of green credit on green total factor productivity (GTFP) is
conductive to promoting the sustainable economy development. This paper examines the
total effects, influence mechanism, and heterogeneous impacts of green credit on GTFP
based on GTFP data of 30 provinces in China from 2008 to 2017. The findings show that,
firstly, on the whole, green credit significantly increases GTFP, which is tested by the panel
regression model. Secondly, according to the result of the panel quantile model, the
increasing effect of green credit on GTFP is strengthened by the improvement of GTFP.
Thirdly, green credit has heterogeneous impact on GTFP, which is reflected in economic
development with different level, especially for different degrees of environmental
regulation. Fourthly, under the full samples, green credit impacts GTFP through green
technology innovation, but it has no effect on energy consumption structure. Besides, the
influence mechanism is heterogeneous in the variation of sample characteristics. Finally,
some significant policy recommendations are provided for policymakers based on these
conclusions.
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INTRODUCTION

The United Nations environmental programme points that financing is one of the greatest challenges
to promote green economy transformation. In fact, the government-centered financing mode cannot
be adapted to the requirements of sustainable development (Ming et al., 2014). However, as an act of
the financial institution, it actively supports the financing of environmental protection and energy
conservation projects. Green finance can guide social funds to the field of green production and
promote green economic transformation through the innovation of financial instruments. Then, for
most developing countries, “green credit” still plays a role of the main channel of green project
financing, and also the main force to build green financial system. Moreover, GTFP is developed
based on the traditional total factor productivity accounting framework, which takes both
environmental factors and the impact of energy consumption into consideration (Mohtadi,
1996). Consequently, GTFP is considered as a suitable indication for measuring the sustainable
development of a country or region (Li et al., 2020a; Li et al., 2021a). In view of the above analysis, it is
of great practical significance to study the impact of green credit on the GTFP.

Existing researches on GTFP mainly focuses on its measurements and influencing factors.
Parametric method and non-parametric method are common ways to measure GTFP. Among
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these measurement methods, Solow residual method and
stochastic frontier analysis method are representative methods
of parametric methods (Carroll et al., 2011). The most widely
used non-parametric method is data envelopment analysis (DEA)
(Lin and Chen, 2018; Demirtaş et al., 2020). Then, the influencing
factors of GTFP are rich and diverse. In general, the existing
studies mainly study the influencing factors of GTFP from the
following perspectives: firstly, technological progress or
innovation is an important factor. Some researchers examine
the relationship between manufacturing GTFP and technological
progress, and also prove that technological progress plays a
significant role in improving manufacturing GTFP (Shi and Li,
2019). Innovation promotes GTFP; whereas economic policy
uncertainty inhibits GTFP based on research of 30 provinces
in China from the period 2005 to 2016 (Yuan et al., 2021), as well
as the revelatory from its affect on the corporate risk-taking and
carbon futures prices (Wen et al., 2021a; Wen et al., 2021b). Base
on the research of 285 Chinese cities from 2003 to 2017, green
technology progress is conducive to the improvement of urban
GTFP (Yu et al., 2021). Besides, the major crisis events and
important political and economic events also have certain
influence on market, exchange rate and global efficiency (Li
et al., 2020b; Hou et al., 2021; Zheng et al., 2021), which effect
GTFP indirectly to some extent. Secondly, environmental
regulation has a significant positive effect on the GTFP (Liang
et al., 2020). Thirdly, appropriate fiscal decentralization can
improve GTFP; otherwise, GTFP decreases (Song et al., 2018).
In addition, other study indicates that GTFP is negatively
influenced by coal intensity and industrial structure (Zhang
et al., 2016). In particular, a few scholars analyze the
relationship between financial development and GTFP. For
example, by examining 40 countries from 1991 to 2014, they
find that there is an inverted U-shaped relationship between
financial development and GTFP (Li and Liao, 2020). It can be
seen that GTFP is affected by different factors with different
forms and directions.

However, the existing literature pays less attention to the
impact of green credit on GTFP and its heterogeneity directly.
Previous studies mainly pay more attention to the role of green
credit or green finance in green economic growth or sustainable
development. A research believes that green credit is a sustainable
financing method, that is, banks provide financing facilities for
green projects through credit that can achieve the purpose of
guiding sustainable development (Jeucken, 2001). Another
research argues that green finance is an innovative move in
the development of financial institutions, which can realize the
coordinated and healthy development of economy and
environment (Scholtens, 2006). Besides, an empirical research
verifies that the development of green credit can promote green
economic growth (Hu et al., 2011). Actually, green finance can
create a win-win situation regarding economic development and
the environment through developing a model based on the theory
of the environmental Kuznets curve (Zhou et al., 2020). In
addition, in view of the coordination between green finance
and green economy, some investigations prove that the
coordination degree of green finance and the green economy
is relatively low and show strong spatial dependence (Liu et al.,

2020). From the above, it should be noted that few studies have
investigated the relationship between green credit and green
economic growth from the perspective of GTFP, and even the
heterogeneous influence of green credit on GTFP.

As an important financial means, green credit can guide the
capital flow to green and low-carbon areas. Green credit is the
main force of ecological civilization construction, which is
conducive to curb the blind expansion of high energy
consumption and heavy pollution industries (Zhang et al.,
2011), and plays an important role in promoting the
development of GTFP. In addition, the impact of green credit
on GTFP is heterogeneous under different factors. On this basis,
taking China as an example, this study of the impact of green
credit on GTFP is of great significance to the sustainable
development of a country’s economy. Here are the main
contributions as follows.

Firstly, from the perspective of efficiency, the impact of green
credit on green economic development by measuring GTFP is
studied for the first time. This is a significant supplement to the
previous research in terms of green finance and green economy
development. Previous studies pay attention to the relationship
between green finance and green economic growth, but the
literatures of the impact of green credit on GTFP is relatively
scarce. Because efficiency of green development is an important
factor of sustainable development, it is significant to explore the
impact of green credit on GTFP.

Secondly, the heterogeneous impact of green credit on GTFP is
investigated from different perspectives, which also provides new
empirical research perspectives and evidences for their
relationships. However, the heterogeneous effect of green
credit on GTFP has not attracted more attention. On the one
hand, the promotion effect is heterogeneous under different
GTFP levels. Specifically, with the improvement of the GTFP
level, the promotion effect of green credit on GTFP is significantly
strengthened. On the other hand, the impact of green credit on
GTFP is closely related to the sample characteristics such as
different economic development levels, especially environmental
regulation degrees.

Thirdly, based on the heterogeneous impact under the
characteristics of different samples, the impact mechanism and
its heterogeneity are further discussed, which helps to better
understand the impact of green credit on GTFP. This paper
finds that green credit can impact GTFP through green
technology innovation, but has no effect through energy
consumption structure on the whole. However, the impact
mechanism of green credit on GTFP is heterogeneous under
different sample characteristics.

The remainder of this paper is arranged as follows. Section 2
expounds the research hypothesis and introduces the model and
data. Section 3 studies the total effects and influence mechanism
of green credit on GTFP. Then, the heterogeneity of the impact of
green credit on GTFP is tested based on the characteristics of
different samples in section 4. Section 5 not only discusses the
deviation degree of different subsamples from the full sample, but
also analyzes the heterogeneity of the impact mechanism of green
credit on GTFP under different samples. Lastly, section 6
concludes our paper with a note on limitation and implications.
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HYPOTHESES, METHOD, AND DATA

Hypotheses
Green credit improves GTFP. Credit capital is an important
driving force of modern economic development, which
supports and guides the development of a real economy.
Based on the national environmental protection policy and
related industrial policies, green credit is an important part of
“Green development,” and guided by the core value of social
responsibility (He et al., 2019). Through differentiated monetary
and financial policies, green credit guides funds to invest in green
fields by utilizing credit tilt and interest rate floating, and then
forms green investment and provides capital support for green
economic growth (Soundarrajan and Vivek, 2016). Meanwhile,
by controlling the direction of credit, polluting industrial
structures can be eliminated or restructured, and then
promote green economic growth. A research theoretically
confirms that green credit can promote cleaner production
innovation (Li et al., 2018). For the enterprises, green credit
provides R&D investment capital for their green technology
innovations, which increasingly becomes an important driving
force to improve their competitive advantages and green
transformation (He et al., 2019). Green credit is the
innovation of financial concepts, which reflects the sustainable
development of the economy and Society (Xu, 2020). Therefore,
green credit has a promoting effect on the promotion of GTFP.
Based on the above analysis, the following hypothesis is put
forward:

H1: Green credit has a promoting effect on GTFP.
Green credit aims to support regional energy conservation

and environmental protection industries. These are capital-
intensive and technology-intensive industries with a long
output cycle and require a large amount of capital input and
capital support (Feng et al., 2020; Huang et al., 2021).
Therefore, the full improvement of green credit on GTFP
requires a certain amount of capital and technology
accumulation. When the certain region’s GTFP is low, it
means that they don’t have good green technology
conditions and infrastructure. Hence, it is difficult for green
credit to produce effects in a short time, and also has little effect
on the improvement of GTFP. With the improvement of GTFP,
the enterprises in certain areas have better green technology
level and infrastructure, and also have more confidence in green
development. Under this condition, green credit further
provides financial support for the promotion of green
development level. Therefore, enterprises pay more and
more attention to green development and adopt
environment-friendly technology to carry out green
production actively. And then the production efficiency of
enterprise is improved greatly due to the Capital and
technological advantages, which further improves GTFP in
the region further.

H2: The promoting effect is heterogeneous with the change of
GTFP level.

Influenced by economic development level and environmental
regulation, the impact of green credit on GTFP is heterogeneous.
Firstly, the impact of green credit on GTFP is related to the level

of economic development. On one hand, economic development
brings technological progress, and technological progress is
conducive to breaking through the technical bottleneck of the
green industry and then promoting green economic development
(Meirun et al., 2021). Compared to areas with a low level of
economic development, the green economy development level of
areas with a high level of economic development is also higher. In
this case, the effect of introducing green credit to different
economic development level areas is different. Therefore, the
difference in economic development level makes different impact
of green credit on GTFP.

H3: With different economic development level, the impact of
green credit on GTFP is heterogeneous.

In addition, environmental regulation is one of the most
effective measures to solve the problem of excessive use of
elements and externality of environmental pollution (Li and
Wu, 2017). Compared with the low-level environmental
regulation areas, the areas with high environmental regulation
need to invest more funds and energy for pollution control and
emission reduction. In this case, the introduction of green credit
can provide financial support for environmental governance.
Therefore, with different environmental regulations, the
impact of green credit on GTFP is heterogeneous. From the
above analysis, the following hypothesis is also provided:

H4: With different environmental regulation degree, the
impact of green credit on GTFP is heterogeneous.

Green credit may impact GTFP through two channels of green
technology innovation and energy consumption structure. On
one hand, green credit guides capital flow to green and low-
carbon areas, which has a profound impact on the business
decision-making like green technology innovation investment
of relevant enterprises (Li et al., 2018). In other words, green
credit can improve the green technology innovation due to
solving the financing problem for environmental protection
enterprises to a certain extent. And then, green technology
innovation can significantly promote the improvement of
GTFP (Wang et al., 2021). Therefore, green credit may affect
GTFP through green technology innovation.

On the other hand, through controlling the scale and direction of
credit, green credit transfers funds to green industries such as new
energy, energy conservation, and environmental protection, and
help enterprises to eliminate with high energy consumption and
high pollution (Soundarrajan and Vivek, 2016), which changes the
energy consumption structure. In addition, green credit will attract
extensive attention from the public. With consideration for their
own health, consumers will also require enterprises to reduce the
emission of high-carbon pollutants. Hence, it indirectly promotes
enterprises to enhance their sense of social responsibility and
optimize the energy consumption structure. The increase of the
proportion of clean energy is conducive to the reduction of pollutant
emissions (Dogan and Seker, 2016; Zoundi, 2017), and then improve
energy efficiency. Therefore, green credit may affect GTFP through
energy consumption structure. Here are the following hypotheses:
H5a: Green credit influence GTFP through the mediating variable
of green technology innovation.
H5b: Green credit impact GTFP through the mediating variable
of energy consumption structure.
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Methods
Benchmark Panel Regression Model
To test the impact of green credit on GTFP, this paper refers to
some existing studies and establishes the following panel
benchmark panel regression model (Tuzcuoğlu, 2020; Chen
et al., 2021):

GTFPit � a0 + αGCit + βControlit + Tt + εit (1)
Where, the subscripts i and t represent the province and year
respectively. GTFP is the explained variable, namely green total
factor productivity. GC is the core explanatory variable, namely
green credit. Control stands for controlling variables. T is the year
fixed effect, and εit is the stochastic error term. In the model,
individual characteristic variables such as the scale of economic
development are controlled, therefore, there’s no need to add
individual fixed effect item. The same is true for the following
model Settings.

Panel Quantile Model
In order to further test the heterogeneity of the impact of green
credit on GTFP under different levels of GTFP, the panel quantile
model which is considered superior to OLS for verification is used
(Li et al., 2021b). Compared with ordinary regression methods,
quantile regression can make an estimate of explanatory variables
at various quantiles in the conditional distribution (Canay, 2011),
and it can effectively avoid the heteroscedasticity problem of the
data. Therefore, the following panel quantile regression model is
established:

Qτit(GTFP|GC) � a0 + ατGCit + βτControlit + Tt + ετit (2)
Where Qτit(GTFP|•) represents the conditional quantile of GTFP
at τit quantile, τ ∈ (0, 1). The implication of the rest variables is
consistent with Formula (1).

Mediating Effect Model
In addition, in order to analyze the impact mechanism of green
credit on GTFP, the mediation effect model for verification is
used. Firstly, verify the comprehensive effect of green credit on
GTFP, the intermediary variables are temporarily not added to
the model, as shown in Formula (1)). Secondly, in order to
identify whether green credit has an impact on the
intermediary variables, the intermediary variables are taken as
the explained variables, and the green credit is taken as the core
explanatory variable, as the following Formula (3). Finally,
Formula (4) is constructed which including the explained
variables, intermediary variables, core explanatory variables,
and control variables, in order to test the mediating effect of
intermediary variables in the impact of green credit on GTFP.

Mit � a0 + α1GCit + βControlit + Tt + εit (3)
GTFPit � a0 + α2GCit + λMit + βControlit + Tt + εit (4)

Where M is the intermediary variable, and the implication of the
rest variables are consistent with Formula (1).

Based on these formulas, the improved stepwise regression
method of causality test is adopted for testing by taking the

practice of Wen and Ye (2014) as reference (Wen and Ye, 2014).
The specific inspection steps are as follows:
Step 1 is to test the regression coefficient α in formula (1). If α is
significant, it continues step 2, otherwise, the test will be stopped.
Step 2 is to test regression coefficient α1 and λ respectively in
formula (3) and (4). If α1 and λ are both significant, it has a
mediating effect and continues to step 3. Otherwise, the bootstrap
method with high statistical power was used to test the
significance of α1*λ. If α1*λ is significant, it continues step 2,
otherwise, the test will be stopped and it means no mediating
effect.
Step 3 is to test regression coefficient α2 in formula (4). If α2 is
significant, it means R&D investment or energy consumption
structure has partial mediating effect; Otherwise, it indicates that
there is a complete mediating effect.

Variables and Data Source
Measurement of GTFP
This paper measures GTFP index by the DEAmethod. Compared
with Solow residual method and stochastic frontier analysis
method, DEA has been widely used in GTFP calculation,
which can avoid the deviation caused by setting production
function form in advance. Non-radial, non-angular SBM
directional distance function and GML index (Oh, 2010) are
adopted in this work measuring the GTFP level of each province
in China. The basic idea is to treat each province as a decision-
making unit, and each unit includes input, desired output, and
undesired output. Assuming that each province uses M kinds of
inputs x � (x1,/, xm,/, xM) ∈ R+

M, produces N kinds of
expected outputs y � (y1,/, yn,/, yN) ∈ R+

N, and emissions of
J kinds of undesired outputs b � (b1,/, bj,/, bJ) ∈ R+

J . Oh
(2010) constructed the global production possibility set (Oh,
2010). Thus, this paper’s global production possibility set is
shown in Formula (5).

PG(x) � ⎧⎨⎩(yt , bt): ∑I
i�1
ztiy

t
in ≥ y

t
in ,∀n;∑

I

i�1
ztib

t
ij ≥ b

t
ij,∀j;∑

I

i�1
ztix

t
im ≥ xtim,∀m;∑I

i�1
zti � 1,∀i

⎫⎬⎭
(5)

Where i � 1, 2,/, I denotes the province; t � 1, 2,/,T
represents the period. zti represents the weight of each cross-
sectional observation value.

Because input and output slack variables have an impact on
efficiency, the SBM direction function is applied by considering
undesired output (Fukuyama and Weber, 2009). The SBM
direction function is shown in Formula (6).

�S
G

v (xt,i, yt,i, bt,i, gx, gy, gb) � max
sx ,sy ,sb

1
M∑M

m�1
sxp
gxm
+ 1

N+J(∑N
n�1

syn
gyn
+∑J

j�1
sbj
gbj
)

2

(6)
s.t.∑I

i�1
ztix

t
im + sxm � xtim,∀m;

∑I
i�1
ztix

t
in − syn � yt

i,n,∀n;

Frontiers in Energy Research | www.frontiersin.org February 2022 | Volume 9 | Article 8212424

Hu et al. Green Credit; GTFP;Heterogeneity

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


∑I
i�1
ztib

t
ij + sbj � bti,j,∀j;

∑I

i�1z
t
i � 1, zti ≥ 0,∀i;

sxm ≥ 0,∀m; syn ≥ 0,∀n; sbj ≥ 0,∀j

Further, according to the research of Oh (2010) (Oh, 2010),
the GML index is established as shown in Formula (7).

GMLt�1
t � 1 + �S

G

v (xt, yt, bt, gt)
1 + �S

G

v (xt+1, yt+1, bt+1, gt+1) (7)

GML represents the growth rate of GTFP relative to the former
period. When GMLt+1t > 1, it illustrates that from period t to t + 1,
the GTFP in this province has increased; when GMLt+1t < 1, it
illustrates that from period t to t + 1, the GTFP in this province
has decreased; when GMLt+1t � 1, it illustrates that from period t
to t + 1, the GTFP in this province has not changed. Therefore,
each province’s GTFP can be calculated by Formula (8).

GTFPt
i � GMLt

i × GTFPt−1
i (8)

The measurements of GTFP are including input elements and
output elements. Among them, the input elements include labor
input, capital input, and resource input; whereas the output
elements include desirable outputs and undesirable outputs.

The variables involved in GTFP measuring and their
measurement methods are shown in Table 1. Figure 1 reports
the average distribution of GTFP levels of sample provinces and
cities during the investigation period (The figure only shows
sample provinces and cities in this research, excluding sea
areas, etc.).

Measurement of Other Variables
For the green credit (GC) index, according to Guo et al. (Guo
et al., 2019), the proportion of interest expenditure in the six high-
energy-consuming industries is adopted for its measurement.
However, the proportion of interest expenditure of the six
industries is a reverse index to measure the green credit, so
this paper measures the green credit by taking 1 to minus the
proportion of interest expenditure of the six industries. Six high
energy-consuming industries include chemical raw materials and
chemical products manufacturing industry, non-metallic mineral
products industry, ferrous metal smelting and rolling processing
industry, non-ferrous metal smelting and rolling processing
industry, petroleum processing coking and nuclear fuel
processing industry and power, thermal production and
supply industry.

In addition, some relevant variables to control the impact of
green credit on GTFP are also introduced. Due to the numerous
influencing factors of GTFP, five control variables are added,
namely environmental regulation, FDI, GDP, industrial structure,

TABLE 1 | The selection index of GTFP measurement.

Indicator Measurement

Input Labor input The employment number throughout the year
Capital input Perpetual inventory method is applied for the fixed asset stock shown in the price in 2000
Resources Input Energy consumption showed in standard coal

Output Desirable output GDP in the price in 2000
Undesirable Output The emission of COD and SO2 in industrial wastewater

FIGURE 1 | Mean GTFP values from 2008 to 2017.
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and human capital into the modeling process based on the
existing research (Kong et al., 2021; Yu et al., 2021). The
detailed description and calculation methods of the above
variables are shown in Table 2.

The research targets are 30 provinces in China (except Tibet).
Considering the availability of provincial data, the data frequency
selected in this paper is annual data, and the time dimension of
the selected data is from 2008 to 2017. The data come from the
National Bureau of Statistics, the Regional Statistical Yearbook,
the China Industrial Statistical Yearbook, the China Science and
Technology Statistical Yearbook, and EPS. Some missing data are
supplemented by the interpolation method.

Descriptive Statistics
Table 3 reports the description of each variable statistics results. The
minimum value of GTFP is 0.534104, the maximum value is
2.193947, and the mean value is 0.930598, indicating that the
overall level of GTFP is low. The minimum value of green credit
is 0.093954, the maximum value is 0.779496, and the mean value is
0.455714, showing that the overall level of green credit was moderate.
In order to clearly understand the GTFP and time change trend of
green credit, the GTFP average and green credit average time trend
diagram is shown in Figure 2A. Moreover, in order to further analyze
the heterogeneity between GTFP and the green credit with different
sample characteristics, all samples are grouped by 50% quantile of the
economic development level, and degree of environmental regulation.
The average time trend diagram of GTFP and green credit under
different samples are shown in Figures 2B,C.

Figure 2 shows the annual mean trend of GTFP and green
credit across the country in different subsamples. From
Figure 2A GTFP shows a trend of the first decline and then
rise. To be specific, GTFP shows a downward trend from 2008 to
2014; whereas it begins to increasing after 2014. Overall, the green
credit shows a trend of rising. From Figure 2B, among the

provinces with different economic development levels, the
annual mean values of GTFP and green credit in the provinces
with lower economic development levels are much higher
than those in the provinces with higher levels. It can be seen
that the average levels of GTFP and green credit are
significantly different in regions with different levels of
economic development. Figure 2C shows that provinces
with higher levels of environmental regulation have higher
GTFP and green credit average than in the low-level province.
The GTFP gap gradually increases with time. In conclusion,
the average levels of GTFP and green credit in regions with
different environmental regulation degrees are
heterogeneous.

Table 4 is the Pearson correlation matrix, which reports the
correlation coefficients among variables. It shows that the
correlation coefficient is significantly positive between GTFP
and green credit, and also between GTFP and GDP, but
significantly negative between GTFP and environment, which
suggests that there is a positive correlation connection between
GTFP and green credit.

TOTAL EFFECT AND MECHANISM
ANALYSIS

Next, the stationarity test and other related preprocessing on the
variables are carried out. Then, the panel benchmark regression
model is used to test the impact of green credit on GTFP as a
whole. Finally, the panel quantile regression model is used to
analyze the heterogeneity of the impact of green credit on GTFP
with different GTFP levels.

Table 5 reports the stationarity test results of each variable. In
this paper, two common methods are used to test the
stationarity of data. The first method is the Levin-Lin-Chu
unit-root test (Levin et al., 2002); the second one is the
standard Augmented Dickey-Fuller t-test (Dickey and Fuller,
1981). Table 5 reports the test results of these two methods,
which show that the null hypothesis of the existence of unit
roots can be rejected at the significance level of 1%, that is, the
variables are considered to be stable.

Benchmark Regression Analysis of GC on
GTFP
Table 6 shows the results based on the benchmark panel
regression model, i.e. the model parameter estimation results

TABLE 2 | Controlling variables.

Type Variable name Variable Measurement

Control
variables

Environmental regulation ER Ratio of the investment in industrial pollution of every province to regional GDP.
Foreign direct investment FDI Ratio of the foreign direct investment in the actual use of every province to regional GDP.
Economic development
level

GDP Ratio of regional GDP per capita to GDP per capita

Industrial structure IS The sum of the proportion of the added value of the three industries accounting for the added value of the
primary industry

Human capital HC Average years of education

TABLE 3 | Descriptive statistics of variables.

Variable Obs Mean Std.Dev Min Max

GTFP 300 0.9306 0.2413 0.5341 2.1939
GC 300 0.4557 0.1459 0.0940 0.7795
GDP 300 0.0752 0.0369 0.0304 0.2166
IS 300 22.5395 42.7850 3.4814 297.1570
ER 300 0.0015 0.0014 0.0001 0.0110
FDI 300 2.3660 2.1474 0.0401 12.0993
HC 300 9.6832 1.1500 6.9915 13.5149
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of Formula (1). As can be seen as below, the improvement of
green credit is conducive to the improvement of GTFP. In the
column (1) and (2), the baseline regression results without
considering control variables show that green credit has a
significant promoting effect on the improvement of GTFP,
whether control the time effect or not. In order to control the
influence of other variables on GTFP, the influence of green credit
on GTFP by introducing controlled variables is analyzed.
Columns (3) and (4) represent situations that consider control
variable without or with time effect, respectively. The regression

coefficients of green credit in column (3) and (4) are 0.7436,
0.8047, which are significant at the significance level of 1%. It
indicates that the improvement of green credit is conducive to the
improvement of GTFP, which proves the Hypothesis 1. On one
hand, green credit guides funds to invest in green fields, and then
forms green investment and provides capital support for green
economic growth (Soundarrajan and Vivek, 2016). On the other
hand, by controlling the direction of credit, polluting industrial
structures can be eliminated or restructured, and then
promote GTFP.

FIGURE 2 | The annual mean time trend of GTFP and GC.

TABLE 4 | Results of the variable correlation coefficient.

GTFP GC GDP IS ER FDI HC

GTFP 1
GC 0.4170* 1
GDP 0.2537* 0.4589* 1
IS 0.0726 0.2982* 0.7615* 1
ER −0.1305* −0.3242* −0.2246* −0.1566* 1
FDI 0.0555 0.2818* 0.4577* 0.3101* −0.1844* 1
HC 0.0733 0.4867* 0.7038* 0.7081* −0.1868* 0.3544* 1
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Robustness Test
Endogeneity Problem
The robustness test results in the column (1)–(4) of Table 7
indicate that the estimated results are robust. This paper
carries out a robustness test from the following three
perspectives. Firstly, to alleviate the model of endogenous,
the one-period-lagging green credit is introduced as a tool
variable, and GMM model are used for estimation (Column
(1)). Secondly, considering the lag effect of GTFP, it introduces
one-period-lagging GTFP into the fixed panel model for
estimation (Column (2)). Thirdly, due to the large time
span involved in the sample, the sample time is shortened
to 2011–2017, and the panel benchmark regression model is
used for estimation (Column (3)). The regression results of the
columns (1), (2) and (3) show that green credit has a
promoting effect on GTFP significantly. Compared with the
regression results in the column (4) in Table 6, the sign of the
green credit regression coefficient in the robustness test results
is same, but there are slight differences in the absolute value
and significance of the coefficient, which indicating that the
estimation results of the benchmark regression model are
robust.

Test of Nonlinear Relationship
In order to test the nonlinear relationship between green
credit and GTFP, we take references of the existing studies
(Matei, 2020; Li et al., 2021c), and add the green credit
squared item (GĈ2) in the benchmark model. The
estimated results are shown in Column (4) in Table 7.
The regression coefficient of green credit is significant at
the level of 1% significantly, whereas the green credit squared
item (GĈ2) is not significant. Hence, it indicates that green
credit and GTFP don’t have nonlinear relationship, which
means that the conclusion of linear benchmark regression is
robust.

Multicollinearity Problem
Considering that multicollinearity may lead to the deviation of
the estimation results, the variance inflation factor (VIF) of the
regression model is calculated to test whether multicollinearity
exists in the multivariable model or not. As can be seen from
Table 8, VIF of all influencing factors is less than 10. In addition,
the mean VIF is 2.6, also less than 10. Therefore, it can be
considered that there is no multicollinearity between
explanatory variables and control variables, which indicates
that the results of the benchmark regression model are more
reliable.

Influnece Mechanism Test
In this subsection, green technology innovation and energy
consumption structure are selected as mediating variables to test
the mediating effect of green credit impact on GTFP respectively. In
this test, green technology innovation (GTI) is measured by the
logarithm of green patent application numbers. Energy
consumption structure (ECS) is measured by taking 1 minus the
proportion of coal terminal consumption that equivalent to standard
coal in energy terminal consumption. The data are from the regional
statistical yearbook and China Statistical Yearbook on Science and

TABLE 5 | The results of Unit root tests.

Variables LLC Fisher-ADF

GTFP −6.4961*** 5.2005***
GC −8.468*** 6.8828***
GDP −9.6355*** 10.1498***
IS −4.4108*** 8.6346***
ER −11.0416*** 8.8103***
FDI −8.6559*** 6.5201***
HC −8.9256*** 10.1775***

LLC denotes the Levin-Lin-Chu unit-root test; Fisher-ADF denotes the standard
Augmented Dickey–Fuller t-test; ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 6 | Benchmark regression results.

Ming et al. (2014) Mohtadi, (1996) Li et al. (2021a) Li et al. (2020a)Variables

GTFP GTFP GTFP GTFP

GC 0.6895*** 0.8034*** 0.7436*** 0.8047***
(0.0871) (0.0810) (0.1029) (0.1009)

GDP 2.6479*** 1.4605***
(0.5930) (0.5539)

IS −0.0007 −0.0009***
(0.0005) (0.0003)

ER 1.8274 4.8595
(9.4769) (6.7352)

FDI −0.0123* −0.0177***
(0.0065) (0.0037)

HC −0.0645*** −0.0013
(0.0170) (0.0162)

Constant 0.6164*** 0.7282*** 1.0580*** 0.6779***
(0.0416) (0.0377) (0.1443) (0.1198)

Time fixed effects no yes no yes
Observations 300 300 300 300
R-squared 0.3048 0.1739 0.2519 0.3356

Robust standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
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Technology. The results of the mediating model (1), (3) and (4) are
estimated respectively based on the OLS method, which are shown
in Table 9.

To begin with, column (1), (2) and (3) in Table 9 shows the test
results of mediating effect of green technology innovation on the
impact of green credit on GTFP. More specifically, the estimated
value of regression coefficient of green credit on GTFP in column
(1), that of green credit on green technology innovation in column
(2), and that of green technology innovation on GTFP in column (3)
are all significant at 1% significance level. It proves that there is a
significant mediating effect of green technology innovation on the
impact of green credit on GTFP. This supports Hypothesis 5a. The
reason is that green credit is conducive to improving R&D
investment, thus it improves the level of green technology
innovation, and then affects GTFP.

Next, the mediating effect of energy consumption structure
on the impact of green credit on GTFP is also tested. The results
are shown in the column (4)–(6) in Table 9 and in Table 10,
which indicates that energy consumption structure doesn’t play
a mediating role in green credit and GTFP again. Hence,
Hypothesis 5b cannot be verified. Because of the endowment
advantage and price advantage of coal, China’s primary energy

consumption structure is still dominated by coal. The average
observed value of the sample energy consumption structure is
56.9%. In addition, the conception of green development
proposed in China is late. Hence, for most enterprises, the
energy consumption mode transitioning from traditional
energy to clean energy in a short time is unbearable.
Therefore, it is temporarily impossible for green credit to
improve GTFP by changing the energy consumption
structure on the whole.

HETEROGENEOUS EFFECTS

Heterogeneity Analysis with Different Level
of GTFP
The impact of GC on GTFP may be different with different level of
GTFP. Therefore, in this part, the panel quantile regression model is
selected to test the heterogeneous effect. Table 11 shows the
parameter estimation results of Formula (2) based on the panel
quantile regression model. Then, the regression models are
estimated with quantiles of 10, 25, 50, 75, and 90%, respectively.

From Table 11, the regression coefficients of green credit are
0.5037, 0.5549, 0.6577, 0.7010, and 0.8061, respectively at the 10, 25,
50, 75, and 90% quantiles. They are all significantly positive, and
increasing with the quantile. These show that the impact of green
credit on GTFP is heterogeneous with different GTFP levels. As the
quantile point increases from 10 to 90%, the regression coefficient of
green credit increases from 0.5037 to 0.8061. This shows that the
promotion of GTFP by green credit is strengthened with the increase
of GTFP level. Thus, hypothesis 2 is proved. This is consistent with
reality. In the context of the vigorous development of green finance
in China, green credit plays a role in promoting economic
development, the level of green economy development will be

TABLE 7 | Robustness regression results.

Ming et al. (2014) Mohtadi, (1996) Li et al. (2021a) Li et al. (2020a)Variables

GTFP GTFP GTFP GTFP

GC 0.8482*** 0.2032*** 0.9653*** 0.8296***
(0.1065) (0.0719) (0.1323) (0.3103)

GĈ2 −0.0288
(0.4056)

L.GTFP 0.8727***
(0.1227)

GDP 1.6674** 0.2823 2.0008** 1.4698***
(0.7165) (0.3372) (0.8261) (0.5525)

IS −0.0011** −0.0004 −0.0014*** −0.0009**
(0.0005) (0.0003) (0.0004) (0.0004)

ER 5.9165 −1.5450 5.4658 4.9042
(10.6358) (4.4765) (9.1477) (6.6539)

FDI −0.0201*** −0.0066** −0.0260*** −0.0177***
(0.0067) (0.0028) (0.0048) (0.0036)

HC 0.0006 0.0120 0.0058 −0.0018
(0.0246) (0.0094) (0.0199) (0.0176)

Constant 0.5475*** 0.0150 0.4326*** 0.6768***
(0.1866) (0.1039) (0.1524) (0.1190)

Time effects YES YES YES yes
Observations 270 270 210 300
R-squared 0.3318 0.7708 0.3575 0.3356

TABLE 8 | Multicollinearity diagnosis.

Variables VIF 1/VIF

GC 3.34 0.299581
GDP 3.27 0.305773
IS 2.75 0.36364
ER 2.15 0.465856
FDI 1.64 0.610513
HC 1.32 0.755098
Mean VIF 2.23
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TABLE 9 | Test of mediating effect of green technology innovation and energy consumption structure.

Ming et al.
(2014)

Mohtadi, (1996) Li et al.
(2021a)

Li et al.
(2020a)

Carroll et al.
(2011)Variables

GTFP GTI GTFP ECS GTFP

GC 0.8047*** 1.5879*** 0.5397*** 0.1252*** 0.8014***
(0.1009) (0.1725) (0.0732) (0.0392) (0.0957)

GTI 0.1669***
(0.0400)

ECS 0.0264
(0.1908)

GDP 1.4605*** 9.3939*** -0.1074 −1.2332*** 1.4930**
(0.5539) (0.9840) (0.5306) (0.2203) (0.6052)

IS −0.0009*** −0.0012** −0.0007** 0.0000 −0.0009***
(0.0003) (0.0005) (0.0003) (0.0001) (0.0003)

ER 4.8595 −92.8043*** 20.3492** 5.2937* 4.7197
(6.7352) (14.2979) (9.6858) (3.0835) (6.5511)

FDI −0.0177*** 0.0023 −0.0181*** −0.0074*** −0.0175***
(0.0037) (0.0093) (0.0041) (0.0016) (0.0033)

HC −0.0013 −0.0987*** 0.0152 −0.0150 −0.0009
(0.0162) (0.0344) (0.0154) (0.0091) (0.0169)

Constant 0.6779*** 2.0434*** 0.3368** 0.4495*** 0.6660***
(0.1198) (0.2656) (0.1574) (0.0733) (0.1655)

Time fixed effect yes yes Yes yes yes
Observations 300 300 300 300 300
R-squared 0.3356 0.7319 0.3892 0.4416 0.3357

TABLE 10 | Bootstrap test of the mediating effect of energy consumption structure in the impact of green credit on GTFP.

Observed Coef Bootstrap Std.
Err

z P>z Normal-based [95% Conf. Interval]Indirect effect

0.016 0.025 0.650 0.515 −0.033 0.066

Direct effect 0.727 0.109 6.680
0.000

0.514 0.941

TABLE 11 | Panel quantile regression results.

Variables 10% 25% 50% 75% 90%

GC 0.5037*** 0.5549*** 0.6577*** 0.7010*** 0.8061***
(0.0636) (0.0534) (0.0690) (0.0938) (0.1799)

GDP 0.0277 −0.0030 1.0740** 2.4301*** 3.5600***
(0.4152) (0.3486) (0.4508) (0.6127) (1.1750)

IS 0.0003 0.0004 −0.0006* −0.0006 −0.0018**
(0.0003) (0.0003) (0.0003) (0.0004) (0.0009)

ER −2.7962 −3.7934 −2.2558 −10.8957 −5.4393
(6.1036) (5.1240) (6.6263) (9.0071) (17.2732)

FDI −0.0106*** −0.0132*** −0.0155*** −0.0146** −0.0157
(0.0041) (0.0034) (0.0044) (0.0060) (0.0115)

HC 0.0093 0.0075 0.0018 −0.0471** −0.0544
(0.0146) (0.0123) (0.0159) (0.0216) (0.0414)

Constant 0.7010*** 0.7366*** 0.7425*** 1.1467*** 1.1353***
(0.1095) (0.0919) (0.1189) (0.1616) (0.3099)

Time fixed effects YES YES YES YES YES
Observations 300 300 300 300 300

Standard error in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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improved (Zheng et al., 2020), which in turn has a positive effect on
the level of GTFP. When GTFP is at a low level, it indicates more
undesired outputs and environmental problems are relatively
serious. At this time, the positive effect of green credit on GTFP
needs to neutralize some of the negative effects of undesired output.
Therefore, green credit failed to play the best role.WhenGTFP is at a
high level, the level of green economy, resource utilization efficiency,
and the environment will be improved. At this time, the promotion
of GTFP by green credit can be brought into full play.

Heterogeneity Analysis with Other Different
Characteristics
Considering the possible heterogeneity of the impact of green credit on
GTFP, this section selects other two factors of the level of economic
development and the degree of environmental regulation based on the
characteristics of the sample in a subsample test. According to 50%
quantile of the level of economic development, the full sample is
divided into two subsamples of low level of economic development
and high level of economic development. Similarly, low degree of
environmental regulation and a high degree of environmental
regulation are also divided into two subsamples.

Table 12 reports the parameter estimation results, and the
results show that the impact of green credit on GTFP is
heterogeneous, which supports Hypothesis 3 and Hypothesis 4.

In the group regression of different economic development
levels, the regression coefficients of green credit in areas with low
and high levels are 0.5528 and 0.9085, and both have passed the 1%
significance level test. At the same time, it also can be found that the
promotion effect of green credit on GTFP is greater in areas with
high economic development levels, and even exceeds the
promotion effect in the full sample. Thus, regions with different
levels of economic development, the impact of green credit on
GTFP is heterogeneous. Based on the analysis of Figure 2B,
although the GTFP level and green credit level in areas with
low level of economic development are higher than those areas
with high levels of economic development, areas with high levels of

economic development have a solid economic foundation and
greater market space. In areas with a high level of economic
development, the introduction of green credit and the original
funding base can better provide support for green projects, thereby
promoting the further improvement of the level of GTFP.

In the group regression of different levels of environmental
regulation, the regression coefficients of green credit in areas with
low and high levels of environmental regulation are both have passed
the 1% significance level test. At the same time, it can be found that
the promotion effect of green credit on GTFP is greater in regions
with higher levels of environmental regulation, about 1.5 times than
that of the full sample. Therefore, in regions with different levels of
environmental regulation, the impact of green credit on GTFP is
heterogeneous. Combined with Figure 2C, the GTFP levels and
green credit levels of regions with high environmental regulation are
higher when comparing with regions with low levels of
environmental regulation. Regions with a high degree of
environmental regulation have a strong awareness of energy
conservation and emission reduction (Hong et al., 2020), which
in turn improves environmental governance performance, promotes
the improvement of GTFP level and further improves the level of
green economy development. Therefore, the commercial banking
industry is also more willing to issue green credits to areas with a
higher degree of environmental regulation for the development of
green projects, thereby, it promotes the improvement of the GTFP
level in the region.

DISCUSSION

Deviation Degree of Different Subsamples
from the Full Sample
Based on section 4.2, we further discuss the degree of deviation of
different subsamples from the full sample. To analyze combining the
full-sample regression results in Table 6, the regression coefficient of
green credit is 0.8482. Based on this coefficient, the degree of
deviation of different subsamples from the full sample can be

TABLE 12 | Heterogeneity test based on different characteristics.

Variables Low level of
economic development

High level of
economic development

Low degree of
environmental regulation

High degree of
environmental regulation

GC 0.5528*** 0.9085*** 0.4462*** 1.2250***
(0.0762) (0.2206) (0.1383) (0.2377)

GDP −0.2874 1.1874 1.5212** 1.9371
(1.0933) (0.7980) (0.5956) (1.7926)

IS −0.0048 −0.0010** −0.0011*** −0.0039**
(0.0049) (0.0005) (0.0004) (0.0018)

ER −12.4257 3.6048 −11.2244 8.6748
(7.5090) (9.9269) (24.8875) (9.2048)

FDI −0.0124 −0.0159*** −0.0092* 0.0018
(0.0109) (0.0044) (0.0048) (0.0134)

HC 0.0085 −0.0099 0.0146 −0.0745*
(0.0163) (0.0382) (0.0189) (0.0404)

Constant 0.8635*** 0.7028* 0.6595*** 1.1244***
(0.1204) (0.3599) (0.1712) (0.2160)

Time fixed effects YES YES YES YES
Observations 150 150 150 150
R-squared 0.6705 0.2110 0.4116 0.3592
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calculated. From the perspective of regions with different levels of
economic development, the impact of green credit on GTFP in areas
with low economic development levels deviates downward by
34.83%, whereas the impact of green credit on GTFP in areas
with high economic development levels deviates upward by
7.11%, which indicating that green credit has an impact on
GTFP, and the role of promotion in areas with high levels of
economic development is stronger. From the perspective of
regions with different environmental regulations, the impact of
green credit on GTFP in low-environmentally regulated areas
deviates downward by 47.39%, and the impact of green credit on
GTFP in high-environmentally regulated areas deviates upward
by 44.42%, which indicating the promotion of green credit on
GTFP. It shows that the promotion effect of green credit on
GTFP is stronger in areas with high environmental regulation.
Considering the characteristics of the samples, comparing
geographical location, economic development level, and
different impacts caused by environmental regulations, it is
found that the degree of deviation caused by environmental
regulations is greater, indicating that the heterogeneity of the
impact of green credit on GTFP is mainly manifested in
different levels of environmental regulation.

Heterogeneous Mediating Effect Tests
Under Different Samples
Due to the differences in economic development level and
environmental regulation, the impact mechanism of green
credit on GTFP may be heterogeneous. Therefore, further
research of the heterogeneity of influencing mechanism of
green credit on GTFP is conducted.

Table 13 reports the test results of mediating effect in different
regions with different economic development levels. It can be seen
from Table 13 that the impact mechanism of green credit on GTFP
has heterogeneity for regions with different levels of economic
development. For low economic development level areas, the
mediating effects of green technology innovation and energy
consumption structure are significant. For high economic
development level area, the mediating effects of green technology
innovation is significant, but energy consumption structure is not
significant. The reason is that the R&D investment in low-level
economic development areas is relatively insufficient, which
consumes more traditional energy. Green credit is conducive to
increasing R&D investment and improving the energy consumption
structure, which has a further impact on GTFP. For the regions with

TABLE 13 | Test of mediating effect based on different levels of economic development.

Variables Low level of economic development High level of economic development

GTI GTFP ECS GTFP GTI GTFP ECS GTFP

GC 3.1266*** 0.3532*** 0.3382*** 0.6596*** 1.5234*** 0.2084 0.0438 0.8622***
(0.2915) (0.0917) (0.0663) (0.0824) (0.2563) (0.1442) (0.0626) (0.2045)

GTI 0.0638*** 0.4595***
(0.0217) (0.0983)

ECS −0.3157*** 1.0568**
(0.0940) (0.4776)

Control variables yes yes yes yes yes yes yes yes
variables
Constant yes yes yes yes yes yes yes yes
Time effects yes yes yes yes yes yes yes yes
Observations 150 150 150 150 150 150 150 150
R-squared 0.7564 0.6862 0.2777 0.6976 0.8233 0.4009 0.6236 0.2609

Robust standard error in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 14 | Test of mediating effect based on different levels of environmental regulation.

Variables Low degree of environment regulation High degree of environment regulation

GTI GTFP ECS GTFP GTI GTFP ECS GTFP

GC 0.3819 0.4261*** −0.1831** 0.3911*** 2.4312*** 0.5242*** 0.3347*** 1.2390***
(0.3984) (0.1348) (0.0718) (0.1320) (0.2532) (0.1401) (0.0529) (0.2725)

GTI 0.0526 0.2882***
(0.0338) (0.0784)

ECS −0.3013** −0.0419
(0.1398) (0.3880)

Control variables yes yes yes yes yes yes yes yes
Constant yes yes yes yes yes yes yes yes
Time effects yes yes yes yes yes yes yes yes
Observations 150 150 150 150 150 150 150 150
R-squared 0.6663 0.4152 0.6316 0.4286 0.7246 0.4448 0.4198 0.3592

Robust standard error in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
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high economic development level, they have a strong economic
foundation, high development level, advanced R&D and innovation
technology, and low dependence on traditional energy. Therefore,
the effect of green credit on GTFP through energy consumption
structure is not significant.

Table 14 reports the test results of mediating effect in regions
with different levels of environmental regulation. It can be seen
from Table 14 that the impact mechanism of green credit on
GTFP is heterogeneous in regions with different levels of
environmental regulation. For regions with a low level of
environmental regulation, the mediating effect of green
technology innovation is not significant, but that of energy
consumption structure is significant. While for regions with a
high level of environmental regulation, it’s the other way around.

CONCLUSION

This paper examines the total effects, influence mechanism, and
heterogeneous impacts of green credit on GTFP based on GTFP
data of 30 provinces in China from 2008 to 2017. It mainly draws
the following conclusions.

First, green credit has a positive effect on GTFP. Specifically,
with the gradual improvement of the GTFP level, the promotion
effect of green credit on GTFP is also strengthened. As the quantile
point increases from 10 to 90%, the regression coefficient of green
credit on GTFP increases from 0.5037 to 0.8061.

Second, heterogeneity exists in the effect of green credit on GTFP,
which is reflected in different level of economic development, especially
for different degrees of environmental regulation. To be specific, the
promotion effect of green credit on GTFP in high economic
development level areas is significantly greater than that in low
economic development areas; whereas the promotion effect of green
credit on GTFP in a high degree of environmental regulation areas is
far greater than that in a low degree of environmental regulation areas.
Moreover, the heterogeneity deviation caused by the degree of
environmental regulation is the largest when it is more than 40%.
Therefore, the heterogeneity of the impact of green credit on GTFP is
mainly reflected in different degrees of environmental regulation.

Thirdly, on the whole, green credit can impact GTFP through
green technology innovation, but not through energy consumption
structure, and the influence mechanism is heterogeneous in the
variation of sample characteristics. From the perspective of different
economic development level, green technology innovation plays a
significant mediator role in the impact of green credit on GTFP in
both areas with low and high levels of economic development.
However, the mediating effect of energy consumption structure is
only significant in low level economic development areas. From the
perspective of the different environmental regulation degree, the
mediating effect of green technology innovation is only significant
for the regions with a high environmental regulation degree. In
contrast, energy consumption structure only plays a significant
mediator role in the impact of green credit on GTFP in areas
with low degree of environmental regulation.

Based on the above conclusion, the following enlightenment is
drawn. First of all, perfecting the green credit policy (with which the
benefit of relieving financial stress (Liu et al., 2021) and enhancing the

promotion effect of green credit onGTFP through the establishment of
high energy consumption industry credit constraint mechanism (Wen
et al., 2021c) and green industry credit incentive mechanism. Secondly,
green credit should be adjusted dynamically according to the change of
GTFP level, and implement differentiation strategywith differentGTFP
levels, so as to give full play to the importance of green credit in the
process of green economic growth. Finally, considering the regional
heterogeneity for the green credit policy, such as enlightenments from
researches on credit among assets types (Cao et al., 2021), investor
sentiment (Wen et al., 2021d), portfolio diversification (Xiao et al.,
2021), which guiding the credit funds flow to the green environmental
protection industry according to the regional characteristics, and giving
full play to themaximum effect of green credit on the growth of GTFP.

Besides, this paper also has the following limitations: first, the
measurement method of core explanatory variables is unitary, and
green credit can be measured via calculating the proportion of
green credit line in the total loan line of financial institutions.
Second, the mediating effect of green credit on GTFP takes fewer
variables into account, and the channels of green credit on GTFP
are rich. We can also explore the mediating effect of industrial
structure upgrading. The above aspects should be considered in the
directions to be explored in the future research.
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