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Abstract: Through the use of 30 provincial panel datasets covering the years from 2013 to 2017,
on the basis of constructing the regional green development indicator system, this paper used the
fixed-base range entropy weight method to measure the regional green development level. The
difference-in-differences model was used to test the policy effect, the mechanism of the establishment
of the green financial reform, and the innovation pilot zone on green development. The results
showed that: (1) the establishment of the pilot zone promotes regional green development and shows
regional differences; (2) under the guidance of policies, the provinces that set up the pilot zone
affect the level of regional green development mainly through the upgrading of industrial structure
and technological innovation; further research has found (3) a high level of financial investment
in environmental protection and marketization, which will help the pilot zone to further play a
positive role in promoting the green development of the region. The results of this article indicated
that China should continue to expand the scope of green finance reform and innovation pilot zones
and make reasonable arrangements among regions according to local conditions to explore new
ways of promoting green development. At the same time, the government should actively play the
role of green finance in the pilot zone to promote industrial structure upgrading and technological
innovation and guide market players to establish green development concepts to gradually build
an environmentally friendly, circular model economy to enhance the overall green development
capacity of the region.

Keywords: green finance reform and innovation pilot zone; green development; industrial structure;
technological innovation

1. Introduction

The report of the 19th National Congress of the Communist Party of China pointed
out that “to accelerate the reform of the ecological civilization system and build a beau-
tiful China, one strategy is to promote green development”. The connotation of green
development is the continuous increase of the proportion of the green economy and the un-
derstanding that the continuous development of environmentally friendly industries with
green technology, green energy, and green capital emphasizing low resource consumption,
low pollution emissions, moderate economic and social development, and compensation
for damage all balance each other [1]. Banks and other financial institutions rely on their
powerful resource allocation capabilities to become an indispensable part of the modern
economic system, especially in the realization of public policies and economic performance,
as well as all forms of business and industry [2,3]. At first, environmental issues did
not arouse the attention of the banking and financial industries [4]. With the increasing
awareness of environmental protection and the strict implementation of environmental
standards, the relationship between the financial industry and environmental protection
has been recognized [5]. As a bridge between the financial industry and the environmental
industry, green finance regards environmental protection as an important starting point
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for its investment and financing decisions. Furthermore, green finance guides social re-
sources under the condition of the full consideration of potential environmental risks so
that funds are withdrawn from polluting industries and more financial support becomes
available to green industries, green projects, or green enterprises. Green finance also relies
on diversified capital markets to diversify environmental investment risks, achieve the
purpose of proactively managing environmental risks, and promote sustainable economic
and social development [6–8]. Green finance, as a necessary condition for sustainable de-
velopment, is also the basis for achieving high-quality economic development [9], making
scholars increasingly aware of the important role that the development of green finance
plays in transferring environmental risks, improving environmental quality, and promoting
green development.

As a new attempt to develop green finance, the construction of a pilot zone for green
finance reform and innovation has become the focus of attention. In April 2016, Chen
Yulu, the Vice Governor of the People’s Bank of China, stated that the first batch of pilot
zones for green finance would soon be launched. In June 2017, the State Council executive
meeting decided that there would be five pilot zones, including Zhejiang, Guangdong,
Xinjiang, Guizhou, and Jiangxi Provinces, where financial institutions would be supported
to establish green finance business units or green sub-branches, encouraging the develop-
ment of green credit, exploring the establishment of environmental rights trading markets,
such as pollution rights, water rights, and energy rights, establishing government service
channels that give priority to green industries and projects, and establish a green financial
risk prevention mechanism, etc. Generally speaking, after the policy is put into effect,
the pilot zone will form a two-way dynamic model combining government supervision
and market incentives. On the one hand, government departments have issued relevant
green finance policies to standardize green finance development mechanisms to guide the
financial system to improve risks and increase investment preferences for green projects
in the fields of environmental protection, energy conservation, clean energy, and green
transportation. Green finance promotes the green transformation of the economic struc-
ture through capital formation, capital leveraging, and industrial integration [1,10]; at the
same time, under the guidance of green finance policies, financial institutions implement
measures, such as stopping loans and restricting loans for the two high enterprises, forcing
them to transition to a high-tech, pollution-free industry practices. Financial institutions
accelerate the tilt of financial resources to green industries, thereby accelerating industrial
green upgrading [11,12] and realizing a green transformation. On the other hand, the capi-
tal allocation effect of financial institutions appears under the market-oriented operating
mechanism, which leads the investment trend of micro-main enterprises to change. In
order to ensure investment returns, enterprises or individuals will supervise the entire
operation process of the funded projects to ensure that the investment direction and use
of the projects meet the green standards. Green finance reduces the time lag effect of
traditional government financial resources on environmental protection support through
market mechanisms, thereby improving the efficiency of green finance policy implemen-
tation and accelerating the flow of funds to the environmental protection industry [13].
Market players will gradually reduce their investment in low-end industries, such as
environmental pollution, and increase their investment in sunrise industries, such as new
energy industries [14–17]. It can not only promote high-quality economic development
that is not at the cost of environmental damage, but also ultimately improve the level of
regional green development to achieve the goal of green environmental governance. So,
as the first batch of green finance reform and innovation pilot zones and as an important
measure for financial supply-side reforms to accurately support the green development
system, can they verify their impact on regional green development from an empirical
point of view? At the same time, what channel mechanism does the pilot zone use to
influence regional green development? As a large developing country, China plays an
important role in realizing global environmental governance. This article mainly studies
the green development effect achieved by China’s green finance policy reform. It will
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not only help China to explore reproducible and extendable experiences, but also have
important significance for the design of global green finance policies in the future.

At present, research on green finance at the theoretical level is facing an important,
fundamental problem: the vast majority of research regards the promotion of green devel-
opment through finance as an important theoretical premise, but this premise itself has
not been fully demonstrated. Can green finance promote green development? Is there any
empirical evidence? There is almost no detailed academic analysis. From the perspective
of the definition of green finance, scholars have given different definitions for the concept
of green finance [18–20], but there are several connotations that are consistent: first, the
foothold of green finance is finance, including not only financial products and financial
markets but also financial policies and institutions. Second, these financial activities are
related to energy conservation and environmental protection, with the aim of serving the
green development of the economy. Early research on green finance proposed the role of
financial institutions in environmental protection and sustainable development [21]. On
this basis, scholars have discussed a variety of green financial products [22]. In recent years,
more and more documents have discussed green finance based on social responsibility
theory applied to financial institutions [23]. Regardless of the research on green financial
products or the environmental responsibility of financial institutions, the basic theoretical
premise is that green finance can promote green development. However, existing stud-
ies have rarely applied this important premise. From an empirical point of view, in the
process of quantitative analysis of green finance, scholars have not unified the selection
of green finance indicators [24,25]. This article takes the macro policy of green finance
reform as a breakthrough point which can alleviate the endogenous problems that may
exist in selecting green finance indicators to a greater extent. At the same time, according
to the measures taken by China to promote green development, we refer to the research of
relevant scholars, select the relevant indicators to measure green development, and analyze
the relationship between green finance reform and green development through empirical
methods, hoping to enrich the research in related fields.

Based on the above-mentioned realistic background and research progress, this paper
used the difference-in-differences (DID) model to evaluate the impact of the green financial
innovation pilot zone on the regional green development level and analyze its mechanism.
Compared with the existing research, the main contributions of this paper are as follows:
(1) previous studies on the outcome variables of the establishment of green financial
innovation pilot zones on the regional environment mainly focused on unilateral factors,
such as pollution control or energy conservation and consumption reduction, and cannot
reflect the comprehensive impact of the establishment of the pilot zone on the improvement
of the regional green development level [26,27]. In this paper, by selecting the relevant
indicators for constructing green development, using the fixed-base range entropy weight
method to measure the regional green development level, we reflect more comprehensively
the impact of the test area on the regional green governance level. (2) The difference-in-
differences (DID) model was used to evaluate the policy effect of the test area on the level
of green development in the region as a whole and the test areas are divided into groups
to test the green development performance of different groups of test areas, carrying out
the relevant robustness test to the double difference conclusion. Finally, (3) we further
explore the factors that influence the regional green development mechanism in the green
financial reform and innovation pilot zone from the two aspects of industrial structure
and technological innovation and, at the same time, explore the heterogeneity of policy
effects in combination with local fiscal investment in environmental protection and level of
marketization.

2. Research Method and Data
2.1. Model Setting

After the establishment of the green finance reform and innovation pilot zone, the
total effect of the changes in the provincial green development level is composed of two
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parts: The first is the “time effect”—that is, the part of the green development level
change caused by its original “inertia,” such as its own development characteristics or
environmental situation; the second is the “policy treatment effect”—that is, the part
of the green development level change caused by the establishment of the pilot zone.
Therefore, the key to the policy evaluation for the establishment of the experimental
zone is how to reasonably distinguish the green development changes caused by time
or by the “policy treatment effect” of the establishment of the experimental zone. The
difference-in-differences method (DID), as a causal effect parameter identification strategy,
regards the establishment of the experimental area as a “quasi-natural experiment”. By
comparing and analyzing the differences between the two types of main policies before
and after the implementation, we can effectively separate the “time effect” and the “policy
treatment effect”, eliminating the influence of unobserved confounding factors. As a
mature econometric model, the DID has been widely used in the empirical economic
evaluation of policy effects. China’s existing literature on the effects of DID policy focuses
on the following two aspects: First, the performance of macro policies at the macro-level. It
has evaluated the impact of the comprehensive innovation reform pilot zone on regional
innovation capabilities from an empirical point of view [28], the “Belt and Road” initiative’s
promotion of the growth of premium income of provinces along the route, its impact on
trade scale and trade efficiency, etc. [29,30]. The second focus has been the performance of
macro policies at the micro-level. Scholars have analyzed the impact of green credit policies
on the excessive investment of polluting companies [31] and the impact of political costs on
the earnings management of polluting companies [32]. Drawing on existing research, this
article starts from the macro-level policy effects and uses this more mature measurement
model to empirically test the effects of the establishment of the experimental area. The
effect of establishing the policy of the pilot zone is generally expressed as Formula (1),
which is visually expressed as shown in Figure 1:

DID = ∆Ytreat − ∆Ycontrol = (Ytreat,2 −Ytreat,1)− (Ycontrol,2 −Ycontrol,1) (1)
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Figure 1. Intuitive schematic diagram.

Assuming that the establishment of the test area in provinces has the same time-effect
trend as the green development level of provinces with no test area, set up provinces in
the experimental area as the treatment group and the other provinces as the control group.
The DID model is as follows:

ECO_dei,t = α0 + α1Treati + α2Postt + ωDIDi,t + ∑ β× Controlsi,t + εi,t (2)



Sustainability 2021, 13, 8230 5 of 19

Here, ECO_de represents the regional green development level; Treat indicates whether
it is a green finance reform and innovation pilot zone. If it is the test area, the assigned
value is 1, while other areas are assigned 0; Post indicates the time when the test area
was established. The time before the establishment of the test area is 0 while the time
after the establishment is 1; DID represents the policy effect of the establishment on the
experimental area; Controls represents a series of control variables that affect the level of
green development at the provincial level; ε represents a random disturbance term. The
expected coefficient of ω is positive, showing that the establishment of a pilot zone of green
finance reform and innovation will help improve the level of regional green development.

2.2. Data and Variable Selection Instructions
2.2.1. Sample Selection Instructions

This article uses the panel data of 30 provinces in China from 2013 to 2017 as the
research sample (except for Tibet, Hong Kong, Taiwan, and Macao due to lack of data avail-
ability). The original data came from the China Statistical Yearbook, China Environmental
Statistics Yearbook, China Science and Technology Statistical Yearbook, China Economic
and Social Statistical Development Database, and China Information Bank database of the
relevant years. The reasons for selecting the 2013–2017 period as the research interval are
as follows:

(1) In 2012, the China Banking Regulatory Commission issued the “Green Credit Guide-
lines” notice, as well as the state’s implementation of testing PM2.5 in key cities,
resulting in changes in the level of green governance in relevant regions. In order to
control the interference of these policy factors, this article selects 2013 as the beginning
of the research interval.

(2) In 2016, the pilot zones actively carried out preparatory work to accelerate the is-
suance of various green financial policy opinions. The release of policy signals, as
a “weathervane” guiding the actions of market entities, can speed up the develop-
ment of regional green finance and affect regional green development. When the
green finance reform and innovation pilot zone plan was officially passed in 2017, the
policy’s effect was quickly released. Therefore, considering the rationale behind the
implementation time for the establishment of the pilot zone policy, it is reasonable to
use the data of 2016 and 2017 to represent the policy implementation.

(3) Although the scope of the pilot program was not expanded in 2018, all provinces
(municipalities) have begun to issue relevant implementation opinions or develop-
ment plans involving green finance, which will increase the interference with the
measurement of policy effects. Therefore, the data from up to 2017 was included.

2.2.2. Variable Definitions

(1) The explained variable (ECO_de). The index method is mainly used to measure the
level of regional green development. As our country is still in the period of indus-
trial transformation, the measures currently used to promote green development
are mainly reflected in energy conservation, emission reduction and environmental
governance, search for pollution control technologies, formulation and implemen-
tation of pollution control laws, etc. These measures are mainly used to solve the
environmental pollution problems caused by industrial development [17]. Therefore,
this article is based on the main measures used by China to promote environmental
governance and green development and also refers to previous studies [33] to select
relevant indicators as proxy indicators for green development levels, as shown in
Table 1.
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Table 1. Measurement indicators of the Green Development Index.

First Level Indicator Secondary Indicators Level Three Indicators

Regional Green
Development Index

Regional green transportation Regional public transportation volume/national total public
transportation volume

Regional renewable energy and clean
energy

Regional total gas production from biogas
digesters/national total gas production from biogas

digesters
Regional solar water heater usage/national total solar water

heater usage

Regional energy saving and water saving Regional energy saving and water saving/national energy
saving and water saving

Regional nature protection

Number of Regional Nature Reserves/number of National
Nature Reserves

Area of regional nature reserves/total area of national
nature reserves

Regional ecological restoration and
disaster prevention and control

Regional ecological project investment/national ecological
project investment

Regional pollution prevention and
treatment

Regional investment in environmental pollution
control/national investment in environmental pollution

control

Regional green forestry development Regional forestry investment/total national forestry
investment

The most critical link in the measurement of the Green Development Index is the
determination of the weight of each level index and the calculation of the comprehensive
index. Therefore, this paper uses the fixed-base range entropy method [34] to solve these
two problems. The fixed-base range entropy weight method is a combination of the
entropy weight method and the fixed-base range method. The entropy weight method is
used to determine the index weight. The fixed-base range method is a non-dimensional
processing of the original data of the indicator based on the improved range standardization
method. Finally, the index weights and dimensionless index data are weighted to obtain
the provincial green development index. The measurement steps of the fixed base range
entropy weight method are as follows:

Step 1: Calculate the proportion of indicators. Suppose Pt
ij is the proportion of i

province of the j index of t year in the index. The calculation formula is:

Pt
ij = Xt

ij/∑ Xt
ij, i ∈ [1, n], j ∈ [1, m] (3)

In Formula (3), if the specific gravity value Pt
ij = 0, lim

Pt
ij→0

Pt
ij × ln

(
Pt

ij

)
= 0 is defined;

Xt
ij is the index data after the range standardization process.

Step 2: Calculate the index information entropy. Let Et
ij be the information entropy of

j index of t year. The calculation formula is:

Et
j = −[ln(n)]

−1 ×
n

∑
i=1

[
Pt

ij × ln
(

Pt
ij

)]
(4)

In Formula (4), information entropy is Et
j ∈ [0, 1]. The smaller the index information

entropy, the greater the degree of dispersion, indicating that the amount of information
provided by the index is greater, so the index weight is also greater; on the contrary, the
index weight is smaller.
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Step 3: Calculate indicator weights. Suppose Wj is the weight of the j index. The
greater the weight of the indicator, the greater the contribution of the indicator to the
measurement result. The calculation formula is:

Wt
j = (1− Et

j)/
m

∑
j=1

(1− Et
j) (5)

Step 4: Fix the base range to process the original data. This article uses 2005 as the
base year. The calculation formula is:

Xt
j =

xt
j − x2005

j,min

x2005
j,max − x2005

j,min
(6)

In Formula (6), Xt
j is the dimensionless index value processed by the fixed-base range

method for the j index of year t. xt
j is the original data. x2005

j,max and x2005
j,min are the maximum

and minimum of the j index in the original data of all provinces in the base year value,
respectively.

Step 5: Calculate the composite index. Suppose St
i is the comprehensive index of the i

province of the t year, and the index weight determined by the entropy weight method
and the dimensionless index value processed by the fixed-base range method are weighted
to finally obtain the comprehensive index. The calculation formula is:

St
i =

m

∑
j=1

(Wt
j × Xt

j) (7)

(2) The core explanatory variable of this article is DID. Take whether to establish a green
finance reform and innovation pilot zone as a policy dummy variable (Treat). If it
is established, the value is 1, otherwise, it is 0; the time dummy variable for the
establishment of the pilot zone is Post. If it is within the implementation time, the
value is 1, otherwise, it is 0. The product of the two is DID to analyze the changes
in the level of green development brought about by the green financial reform and
innovation pilot zone. Based on this, we identified Zhejiang, Guangdong, Xinjiang,
Guizhou, and Jiangxi as the test group and the other provinces as control provinces
based on the sample period from 2013 to 2017.

(3) Control variables (Controls). The control variables mainly select other variables
that have an important impact on the level of green development, and the specific
description is as follows. 1© The lagging period of the green development index
(ECO_lag): Promoting regional green development is a long-term process, and the
current green investment and governance level will have an impact on the next green
development level. Therefore, the model incorporates the lag phase variables into
the control variables. 2© Foreign direct investment (FDI): Studies have shown that
foreign-funded enterprises generally implement stricter environmental standards,
which can promote the development of environmental technologies in host countries,
effectively reduce local pollution emissions, and thus help improve environmental
quality [35,36]. The FDI is expressed by the logarithm of foreign direct investment per
capita. 3© The level of urbanization (urban): The level of urbanization is measured
by the proportion of the urban population of each province in the total population.
Deng and Zheng [37] and Liang et al. [38] believe that the higher the urbanization
rate in China, the more serious the environmental problems will be, and therefore,
more environmental protection investment is needed. Therefore, urbanization will
affect the level of green development in the region. 4© Human capital (LHC): This
article uses the logarithm of the product of the average years of education of the
population of each province and the total population to measure the level of human
capital. Yao et al. [39] and Ahmed et al. [40] believe that the improvement of human
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capital is conducive to reducing emissions and promoting environmental governance.
At the same time, in order to attract talent, the pilot zone will focus on improving the
local environment, increasing investment in environmental protection, and raising the
level of green development in the region. The descriptive statistics of each variable
are shown in Table 2.

Table 2. Descriptive statistics of variables.

Variables Symbol Observations Mean St. Dev. Min Max

Green development index ECO_de 150 0.0333 0.0187 0.00300 0.0939
Foreign investment fdi 150 9.389 1.157 7.353 12.31

Urbanization urban 150 0.577 0.119 0.378 0.896
Human capital lhc 150 19.63 0.733 17.60 20.80

3. Empirical Results and Discussion
3.1. Empirical Results of the Difference-in-Differences Model

Before regression, the model (2) was tested, resulting in a test value of 52.76 at the 1%
significance level, indicating that the null hypothesis of using the random effects model can
be rejected, so using the fixed effects difference model (the results are shown in Table 3) is
more reasonable. First, the control variables are not included in the national-level difference
(as shown in column (1) of Table 3), and the DID coefficient value is 0.0588, which is
significant at the 10% level after the control variables are included in column (2). Although
the DID coefficient ω has changed, ω is still significant at the 10% level, which is 0.00592.
Restricted by the economic environment and geographical conditions, different regions
have different response effects to a policy. Based on this, this article divides the eastern
region and the central and western regions into two groups to measure their differences,
as shown in columns (3) and (4), respectively. It can be seen that the DID coefficient in
the eastern region is 0.0127, which is significantly positive at the 1% level, while the DID
coefficient in the central and western regions is positive but not significant. This shows that
the economically developed regions are more capable of fully responding to the country’s
policy calls. More economically developed regions can actively increase green investment
to improve the level of regional green development, so the establishment of the green
financial reform and innovation pilot zones will bring stronger green development effects.

Table 3. Test of the effect of the establishment of the Green Finance Reform and Innovation Pilot Zone.

Variables
(1) (2) (3) (4)

Nationwide Nationwide East Central and West

DID 0.0588 *
(1.782)

0.00592 *
(1.703)

0.0127 ***
(4.868)

0.00755
(1.021)

ECO_lag 0.252 **
(2.583)

0.766 ***
(4.383)

0.414 **
(2.050)

fdi −0.00229
(−0.635)

−0.000621 *
(−1.175)

−0.00427
(−0.854)

lhc 0.0214 *
(1.490)

−0.0112
(−0.247)

0.0162
(0.279)

urban −0.0293
(−0.382)

−0.00957
(−0.168)

0.0702
(0.372)

Constant −0.480
(−0.599)

−0.176
(−0.259)

−0.232
(−0.184)

Fixed effect Fixed Fixed Fixed Fixed
Observations 150 150 55 95

R2 0.884 0.892 0.984 0.842
Notes: t-values are in parentheses; *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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The economically developed regions in the east are moving towards a stage of high-
quality economic development. While maintaining rapid economic growth, they can
actively follow the guidelines of the national green development policy to encourage
enterprises to reduce pollution emissions. At the same time, companies can also adjust
their own development strategies in accordance with the development of the economic
environment and fulfill their environmental responsibilities. Guangdong Province can be
taken as an example. Since the establishment of the green finance reform and innovation
pilot zone, as of 2018, financial institutions had provided financing for green companies
with more than 7 billion yuan, and major banking institutions had issued more than
2.2 billion yuan in loans to support green transformation projects, and 160 green projects
and enterprises were identified. At the same time, companies and financial institutions
that contributed to green development had provided green credit subsidies of more than
16 million yuan and green insurance subsidies of more than 5 million yuan, encouraging
the green technology of enterprises and the innovation of green financial products by the
financial institutions in the jurisdiction.

3.2. Robustness Test
3.2.1. Parallel Trend Test

Parallel trends assume that the double differential model effectively separates the
“time effect” and the “policy processing effect”, which is the prerequisite for analyzing
the policy effect of the green financial reform and innovation pilot zone. Its meaning is
that when there is no policy for establishing the test area, the green development trend
of the treatment group and the control group will remain consistent. If the level of green
development does not meet the parallel trend assumption, the difference between the
treatment group and the control group may come from other factors outside of the treatment
group, and the policy evaluation results of double difference may not be credible. Therefore,
it is necessary to conduct parallel trend testing prior to the policy effect evaluation. Drawing
on the practice of parallel trend testing in the relevant literature [41,42], the dynamic
analysis is used to test whether the trends between regions are similar, that is, by generating
interactive dummy variables at different time points. This article uses the 3 years before the
establishment of the test area, 2 years before the establishment of the test area, 1 year before
the establishment of the test area, the year of establishment of the test area, and 1 year
after the establishment of the test area to form interactive dummy variables. All interactive
dummy variables are included as variables in the regression model. If the policy effect is
not significant before the establishment of the test area, it indicates that the parallel trend
assumption is met. The specific results are shown in Table 4. Columns (1) and (2) of Table 4
show the dynamic test results of not including the control variables and of including the
control variables, respectively. It can be seen that the interaction term is not significant in
the 3 years before the establishment of the experimental area. In the year of and the year
after the establishment of the pilot zone, the coefficient of the interaction term is significant,
indicating that the establishment of the pilot zone for green finance reform and innovation
is the reason that the green development level of the pilot area is higher than that of other
provinces. The above results indicate that the assumption of parallel trends is met.

After passing the parallel trend test, a robustness test is needed to test the reliability of
the model results. The following will use two methods of placebo testing and changing the
outcome variable to test the robustness of the regression results.
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Table 4. Dynamic regression results.

Variables
(1) (2)

ECO_de ECO_de

Before3 0.0108 *
(1.947)

0.00753
(1.355)

Before2 0.00895
(1.613)

0.00610
(1.104)

Before1 0.00967
(1.043)

0.00728
(1.325)

Current 0.0108 *
(1.937)

0.00818 *
(1.486)

After1 0.0206 ***
(3.718)

0.0178 ***
(3.222)

Control variable NO Control

Constant 0.0161 ***
(4.644)

0.0123 ***
(3.314)

Fixed effect Fixed Fixed
R2 0.888 0.894

Notes: t-values are in parentheses; *, *** indicate significance levels of 10%, 1%, respectively.

3.2.2. Placebo Test

In order to test whether the green development effect of the green financial reform
and the innovation pilot zone is affected by the choice of time point, the time hypothesis
for the establishment of the pilot zone in the robustness test was officially proposed as
2014. The China Banking and Insurance Regulatory Commission issued the “Green Credit
Guidelines” in 2012, and the relevant green finance reform and innovation pilot provinces
also issued relevant green credit guidelines in 2012. If 2013 is chosen as the time for the
pilot change, this may have a certain influence on the test results. The result is shown in
column (1) of Table 5. The DID coefficient is 0.00194, but it is not significant.

Table 5. Robustness test.

Variable
(1) (2) (3)

ECO_de Epi Epi

DID 0.00194
(0.465)

0.00621 *
(1.766)

0.00750 **
(2.154)

ECO_lag 0.255 **
(2.578)

fdi −0.00263
(−0.721)

0.00647
(0.173)

lhc 0.0108 *
(1.243)

urban −0.0348
(−1.049)

0.0998 *
(1.276)

ISR 0.232 **
(2.008)

Constant −0.740
(−0.931)

0.0231 ***
(6.164)

−1.380 **
(−2.285)

Fixed effect Fixed Fixed Fixed
Observations 150 150 150

R2 0.889 0.908 0.916
Notes: t-values are in parentheses; *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

3.2.3. Replacement Result Variable Test

In order to further determine the effect of the establishment of the green financial
reform and innovation pilot zone on the improvement of the regional green development
level, the dependent variable indicators were replaced. The pollution control investment
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amount/national pollution control investment (Epi) of the three-level indicator in the
green development measurement index was set as the dependent variable. At the same
time, in order to prevent the occurrence of heteroscedasticity and multicollinearity, some
control variables were changed. The lagging period of the green development index and
human capital were no longer used, and the industrial structure upgrade index (ISR) was
added. Some scholars have pointed out that the current serious environmental pollution
problems in China are mainly related to the highly polluting industrial structure and
energy structure [43,44]. Therefore, a large amount of investment in the treatment of
environmental pollution is still needed to promote green development. We used the
method applied in previous research [45] to construct the industrial structure upgrading
index: ISR = O + 2× T + 3× R. Here, O represents the proportion of the added value
of the primary industry in the regional GDP, T represents the proportion of the added
value of the secondary industry in the regional GDP, and R indicates the proportion of
the added value of the tertiary industry in the regional GDP. For the regression results,
see columns (2) and (3) of Table 5. Columns (2) and (3) show the results of not including
and of including the control variables, respectively. It can be seen that before and after the
control variables are included, the coefficients of the DID are 0.00621 and 0.0075, which are
significant at the levels of 10% and 5%, respectively. This shows that the establishment of
the green finance reform and innovation pilot zone has significantly increased investment
in pollution control and has had a positive effect on the improvement of environmental
protection. It is basically showing the same as the previous regression results, determining
that the establishment of the pilot zone has improved the green development level of the
pilot area and sped up the pace of ecological civilization construction in the pilot areas.

4. Further Analysis

The above has verified that the green finance reform and innovation pilot zone has
improved the level of regional green development. Therefore, what mechanism does the
pilot zone policy use to influence the level of regional green development? Based on the
development stage and content characteristics of the current policies, this article mainly
focused on the two channels of regional industrial structure upgrading and technological
innovation capability improvement to analyze the mechanism of the green financial reform
and innovation pilot zone on the regional green development level. Thus, we propose two
theoretical hypotheses.

4.1. Theoretical Hypothesis Analysis

Accelerating the green transformation of traditional industries and the development
of the green industry itself are the two core contents of the industrial structure’s transforma-
tion and upgrading [46–48]. After the establishment of the green financial reform and the
innovation pilot zone, the government and financial institutions have actively cooperated
to combine preferential policies for industrial upgrading and preferential loan interest rates
to fully mobilize the enthusiasm of enterprises for green investment. The government and
financial institutions restrict the availability of funds for high polluting and high consump-
tion industries by strictly implementing relevant green financial policies, controlling the
expansion of such enterprises, and forcing them to transform and upgrade [49,50]. On
the other hand, green finance forms the green capital required for the development of
green industries through the formation of capital guidance, granting credit incentives to
energy-saving and environmentally friendly industries with low energy consumption and
low environmental pollution, and guiding green industry capital to adjust from the “two
highs” industry to the “two lows” industry [51,52]. This achieves the optimal allocation of
existing resources and capital, accelerates the realization of industrial transformation and
upgrades goals, ultimately improving the level of regional green development [53].

Hypothesis 1a. The green finance reform and innovation pilot zone influences the level of regional
green development through industrial structure upgrading.
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Higher technological innovation ability is an important guarantee for the rapid im-
provement of the regional green development level. Technological innovation can enhance
the potential of regional green development and improve its efficiency [54,55]. However,
technological innovation itself requires a large amount of investment in research and de-
velopment. It is difficult to achieve high-quality green innovation in a company if it only
relies on its own funds. Therefore, external financial resources have become a key source
of regional technological innovation. Under the guidance of the green finance reform and
the innovation pilot zone policy, the pilot zones use various financing mechanisms in the
market to convert green funds into capital to support enterprises in actively investing in
environmental protection and green technology innovation [12,56]. Through emerging
diversified green financial financing models, policy subsidies, and supporting services, the
level of technological research and development of green industries is be improved [57,58].
In addition, integrating ecological environmental protection technology into the operation
of the green industry creates new ecological and environmental value to improve the
regional green governance capacity and green development levels [59,60].

Hypothesis 1b. The green finance reform pilot zone influences the level of regional green develop-
ment through technological innovation.

4.2. Construction of the Intermediary Effect Model

On the basis of the aforementioned hypothetical analysis, the intermediary effect
model [61] is used to further test whether the intermediary effects of industrial structure
and technological innovation in the green financial reform and innovation pilot zone
influence the level of green development. Based on the above research hypothesis and the
benchmark regression model (2), set the models (8) and (9) as follows:

Mi,t = η0 + η1DIDi,t + ∑ η × Controli,t + εi,t (8)

ECO_dei,t = τ0 + τ1DIDi,t + τ2Mi,t + ∑ τ × Controli,t + εi,t (9)

In Equations (8) and (9), M represents the intermediary variable, using the industrial
structure upgrade and technological innovation level for the test; the industrial structure
upgrade indicators are the same as those mentioned above. Usually, indicators that charac-
terize the level of technological innovation include input and output, but input indicators,
such as R&D investment, cannot fully reflect the innovation capability of a region. In terms
of output indicators, patent data is still the most economically valuable part of regional
innovation resources. This article refers to related research [62,63], and uses the number
of patents granted per 100,000 people to represent technological innovation capabilities;
the meaning of other variables is consistent with Formula (2). Model (8) examines the
impact of the green finance reform and innovation pilot zone policy on the intermediary
variables. The sign of the expected coefficient η1 is positive, indicating that the green
finance reform and innovation pilot zone can affect the intermediary variables M; model (9)
shows the total effect, testing the influence of the establishment of the test area on the level
of green development when controlling for the intermediate variables M. The coefficient
τ1 represents the direct effect of the establishment of the experimental area on the regional
green development level, and the product of the coefficient η1 and coefficient τ2 represents
the mediating effect of the mediating variable M.

The test procedure for the mediation effect is as follows. Take the upgrading of
industrial structure as an example. First, test the significance of the coefficient ω in model
(2) (path 1, as shown in Figure 2). The previous article has verified that the significance
is positive. Therefore, models (8) and (9) can be directly tested. When the coefficient
η1 (path 2) and the coefficient τ2 (path 3) are both significant, if the coefficient τ1 is also
significant, it indicates that there is a partial mediation effect; if the coefficient τ1 is not
significant, it indicates that there is a complete mediation effect. If at least one of the
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coefficients η1 and τ2 fails the significance test, the bootstrapping method is used for
analysis.
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4.3. Analysis of Empirical Results of Intermediary Effect Mechanism
4.3.1. The Mediation Effect of Industrial Structure Upgrading

After the establishment of the green finance reform and innovation pilot zone, the pilot
areas actively introduced relevant green finance policies. For example, Guangdong Huadu
issued the “1 + 4 Supporting Policy System for Green Finance and Green Development” in
the Huadu District of Guangzhou City, which passed the green fund, green credit, green
bonds, green insurance, etc., to support the development of green industries; emphasized
the gradual withdrawal of investment in high pollution and high consumption industries;
strengthened investment support for energy conservation, environmental protection, and
clean energy; and promoted the upgrading of industrial structure and improvement of the
level of green development. The regression results are shown in columns (1) and (2) in
Table 6. Column (1) of Table 6 shows that the coefficient of η1 is 0.0174, significant at the
10% level, and the τ2 and τ1 in column (2) are positive but not significant. We continued
with the bootstrapping test, but the results had no indirect effects and failed the total effect
test. This shows that the green finance reform and innovation pilot zone are conducive to
the upgrading of the industrial structure, but at the current research stage, the mediating
effect of the industrial structure upgrade in the effectiveness of the green finance reform
and innovation pilot zones to promote green development has not yet been reflected.

4.3.2. The Intermediary Effect of Technological Innovation

The regression results are shown in columns (3) and (4) of Table 6. Column (3) shows
that η1 is 0.212, which is significant at the 1% level, and the τ2 and τ1 are 0.00283 and
0.00496, significant at the 5% and 10% levels, respectively. It shows that the improvement
of technological innovation capabilities has played a part in the intermediary effect on pro-
moting the regional green development level in the green financial reform and innovation
pilot zones. In the process of realizing green development, the improvement of the techno-
logical innovation level is an important driving force for promoting green development.
By constructing a market-oriented technological innovation service system, the pilot zone
actively builds a policy system for green finance to serve the technological innovation of the
green industry [64] and provides financial support for enterprises engaged in technological
innovation research and development but that have limited financing channels, and re-
duces the risk faced by enterprises engaged in the process of green technology research and
development. Therefore, the pilot zone policy should actively play a guiding role in tech-
nological innovation, urge green finance to provide financial support for the technological
progress of green environmental protection enterprises so as to promote the improvement
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of regional technological innovation capabilities [65] and realize the technological transfor-
mation of traditional industries and development of green enterprise technology, ultimately
promoting the improvement of the regional green development level.

Table 6. Mechanism test of Green Finance Reform and Innovation Pilot Zone.

Variables
(1) (2) (3) (4)

ISR ECO_de IE ECO_de

DID 0.0174 *
(1.635)

0.00355
(1.172)

0.212 ***
(2.630)

0.00496 *
(1.239)

ISR 0.00598
(0.633)

IE 0.00283 **
(2.012)

ECO_lag 0.830 ***
(6.291)

0.248 **
(2.598)

fdi 0.0304 ***
(2.852)

0.00244 *
(1.257)

3.148 **
(2.004)

−0.00297
(−1.179)

lhc 0.140
(1.212)

−0.0103
(−0.997)

5.22 *
(1.670)

0.0211
(0.473)

urban 1.012 ***
(5.654)

−0.00550
(−0.847)

−11.6 ***
(−4.906)

0.0351
(0.498)

Constant −1.307
(−0.603)

0.0848
(0.777)

−14.2
(−1.256)

−0.185
(−0.342)

Fixed effect Fixed Fixed Fixed Fixed
Observations 150 150 150 150

R2 0.969 0.072 0.976 0.102
Notes: t-values are in parentheses; *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

4.4. Analysis of Heterogeneity Conditions

The provinces included in the green financial reform and innovation pilot zones
are representative regions for financial reforms. Playing the role of the green financial
reform pilot zone in promoting green development is inseparable from a certain external
environment, particularly the guidance of the government’s environmental protection
behavior and the support for marketization. Therefore, this article mainly empirically
analyzes the heterogeneity of the green finance reform pilot zones with regards to the two
environments of fiscal investment in environmental protection and marketization level.

4.4.1. Impact of Fiscal Investment in Environmental Protection

This article mainly examines the impact of local fiscal environmental protection expen-
ditures (go_eco) on the level of local green development, using the median of environmental
protection expenditures in provincial fiscal expenditures as the dividing point, and divid-
ing provinces into two groups for the test: those with high and low fiscal expenditures on
environmental protection. See columns (1) and (2) of Table 7 for details. The results showed
that in areas with high fiscal expenditure on environmental protection, the coefficient of
the interaction term was significant, with a DID coefficient of 0.0138 and a t-value of 1.786.
In areas with low fiscal expenditure on environmental protection, the DID coefficient was
0.000971, with a value of 0.263, while the coefficient was not significant. These results
indicate that the government’s environmental protection expenditure has a positive guid-
ing effect on the improvement of the regional environment, which is more in line with
the reality of China’s current green development. In China, the measures and policies
adopted by the government to promote green development can play a role as a “vane”.
Whether it is the implementation of air pollution monitoring in 2012, the introduction of
green credit guidelines, or the revision of the environmental protection law, it is clear that
the government can play a positive role in promoting environmental governance.
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Table 7. Test of heterogeneity conditions.

Variables
(1) (2) (3) (4)

go_eco > p50 go_eco < p50 Market > p50 Market < p50

DID 0.0138 *
(1.787)

0.000971
(0.263)

0.00914 *
(1.705)

−0.000644
(−0.168)

Constant term −1.568
(−0.600)

−0.0166
(−0.0289)

−1.042
(−0.510)

−0.571
(−0.877)

Control variable Control Control Control Control
Fixed effect Fixed Fixed Fixed Fixed

Observations 75 75 75 75
R2 0.153 0.102 0.122 0.121

Notes: t-values are in parentheses; * indicate significance levels of 10%.

4.4.2. Influence of Marketization Level

This article refers to the general practice of Wang Xiaolu, Fan Gang, and others
outlined in the “Report on China’s Marketization Index by Provinces” (2018), and uses the
proportion of the main business income of non-state-owned enterprises in each province in
the main business income of the enterprises above to indicate the level of marketization
(market). Divided by the median of the marketization level, as shown in the results of
columns (3) and (4) of Table 7, in regions with a high level of marketization, the coefficient
of the interaction term is significant, with a DID coefficient of 0.00914 and a t-value of
1.705. In areas with a low level of marketization, the coefficient of the interaction term
is negative, and the coefficient of DID is −0.000644, with a t-value of −0.618, which is
not significant. These results show that the improvement of the level of marketization
has a positive effect on the promotion of green development in the green financial reform
and in innovation pilot zones. Considering the significant amount of funds spent on
environmental governance, the establishment of the experimental zone will undoubtedly
reveal their important role of the market. In the development of China’s green finance, the
government, as the main creator of green finance rules, can promote the sound and healthy
development of green finance through administrative and legal regulations. However, local
governments also need to rely on market forces to adjust and introduce green incentive
mechanisms [66]. When the financial regulatory authority announces that the first batch
of green finance reform pilot zones will soon be launched, it will send a positive signal to
the market, and the positive effects of the pilot zone policies will further be brought into
play with market forces [12,67,68]. Green finance uses the “invisible hand” of the market
to improve operational efficiency and attract more social funds to provide a fertile soil for
the green industry [69]. On the basis of an effective market, all provinces have proactively
introduced relevant green finance policies and have created a multi-level green finance
organization system to strengthen the innovation of green finance products and service
methods to promote green development.

5. Conclusions and Implications

The Chinese economy has shifted from a stage of rapid growth to a stage of high-
quality development, and high-quality development puts forth higher requirements for
green development. As new attempts to develop green finance, the “Green Finance
Reform” and the “Innovation Pilot Zone” not only make important contributions to pro-
moting regional green development but also play an important role in implementing
new development concepts across the country and providing an extensible experience for
reference. Starting from an empirical point of view, this paper examines the impact of
green finance reform and innovation policies on regional green development by measuring
the level of regional green development. The results show that: (1) the establishment of
the green finance reform and innovation pilot zone can drive the green development of
the province and that the policy effect of the green finance reform has certain regional
differences, that is, the eastern policy effect is more obvious; (2) under the guidance of
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these policies, the provinces in the pilot zone use the function of green financial resource
allocation, mainly through the upgrading of industrial structure and the improvement of
technological innovation, to affect the level of regional green development; (3) the environ-
ment, with a relatively high level of financial investment in environmental protection and
marketization, helps the green finance reform policy to further promote the positive role
of regional green development. Based on our research results, we believe that the eastern
region is now gradually entering a stage of high-quality development and adjusting its
own development plans closely following the national environmental policy and actively
promoting regional green development. The regional coordinated development strategy
implemented by China may adopt relatively loose environmental policies for the central
and western regions. Therefore, the green finance reform and innovation policies in the
central and western regions are not in place during the implementation process. Therefore,
the policy effects are different between the east, the center, and the west, which is relatively
in line with the research of scholars who analyze the differences in the implementation
effects of related policies [20]. Research by scholars in China has shown that green finance
can promote technological innovation and industrial structure upgrading [50,70]. Although
in the research results of this article the mediating effect of the industrial structure did not
pass the test, we see that the green finance reform and innovation policy has promoted the
upgrading of the industrial structure. We believe that the upgrading of industrial structure
is a long-term development process, but in our current research, the mediating effect of
industrial structure upgrading could not be shown. With the further optimization of the
green finance reform policy design, the green development effect brought about by the
upgrading of industrial structure will appear in the future. According to the current status
of China’s promotion of green finance development, we believe that fiscal investment
in environmental protection and the level of marketization will have an impact on the
level of green finance reform and innovation in the region. This result is also in line with
our hypothesis, which is more consistent with existing research; that is, fiscal investment
in environmental protection and the level of marketization affect environmental gover-
nance. According to different development situations and goals, green finance reform
and innovation policies will inevitably be adjusted. Therefore, we should not only pay
attention to the necessary conditions for the current green finance reform and innovation
for green development, but we should also examine the factors that green finance will need
to promote green development in the future. This article is mainly limited to the current
status quo.

In response to the aforementioned research conclusions, this article proposes the
following policy recommendations: (1) the state should continue to expand the scope
of green finance reform and innovation pilot zones and make reasonable arrangements
among regions according to local conditions to explore new ways of promoting green
development; (2) the pilot zones should accelerate the pace of green financing to promote
the upgrading of industrial structure and promote the green sustainability of the entire
industrial chain, while at the same time, it is necessary to strengthen the financial support
of green finance for green technology innovation, guide enterprises to enhance their
green technology innovation capabilities, and enhance the overall green development
capabilities of the region; (3) in addition, government departments should strengthen
the financial support of green finance for green technology innovation, actively build an
innovation resource platform with green technology as the core, form an interconnected
green technology innovation resource network, and guide enterprises in the pilot zone
to improve green technology innovation capabilities to enhance the overall region green
development capability.

In the ongoing research at this stage, we must pay attention to the background of
China’s promotion of green development and the country’s use of the ability of green
finance to serve green development as an indispensable means of environmental gover-
nance. As an important “window,” the green finance reform and innovation pilot zone is
an important top-level design for exploring new development models of green finance.
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The upgrading of industrial structure and the improvement of technological innovation
capabilities are inevitable topics of China’s future environmental governance, and it is of
great practical significance to promote the development of these two aspects. Promoting
green development requires the concerted efforts of the government and the market to truly
realize a green China in the future. China’s green financial policy reform to achieve green
development has a certain inspiration for global green policy formulation and reforms.
In future research, we should not only pay attention to the policy designs of a certain
country or region to achieve green development but also see the efforts made by relevant
international organizations to achieve global green development. Relevant international
organizations can combine the characteristics of different countries or regions to adopt
appropriate global green financial policies to promote universal green development. More-
over, relevant international organizations can see how green finance can accelerate green
development at the national level, which will provide sufficient impetus for the realization
of global green and low-carbon development in the future.
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