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Abstract: To achieve the twin goals of “stable growth” and “environmental protection”, it is necessary
to promote green innovation in firms and green transformation of the economy. This paper regards
China’s Green Credit Guidelines policy in 2012 as a quasi-natural experiment to explore the impact
of the policy on the green innovation of heavy-polluting firms. This analysis uses Chinese A-share
listed industrial enterprises from 2008-2019 as the research sample and difference-in-difference (DID)
as the empirical method. The results show that implementing the green credit policy has significantly
contributed to firms’ green technology innovation enhancement. Moreover, the mechanism suggests
that the green credit policy can promote firms’ green innovation through channels, such as inhibiting
the compression of heavy-polluting firms’ financing space, increasing their debt financing costs,
and promoting firm transformation and upgrading. Further study finds that the green credit policy
promotes green innovation significantly for state-owned and large firms but not for non-state-owned
and small-scale firms. Based on our empirical results, we can conclude that the green credit policy is
an efficient way to realize the goal of “environmental excellence” and guide firms to effectively carry

out green innovation.

Keywords: green credit policy; green innovation; score matching method; difference-in-difference;
moderating effects

1. Introduction

China has implemented a series of policies to alleviate the problems of resource
depletion and environmental pollution [1,2]. However, the relevant administrative, tax,
and technical tools have not been so effective in achieving the goal of “environmental
excellence”. There is still a large gap between the reality and the goal of environmental
governance. Therefore, to substantially improve the ecological environment, environmental
pollution must be eliminated at the source and not just rely on the “intensity reduction”
of treatment as the endpoint. According to the concept of green technology proposed
by [3], green technology follows eco-economic laws and emphasizes a preventive approach,
making it more likely to address the root causes of ecological issues [4,5]. As the main body
of emissions and the focus of policy implementation, firms should take the corresponding
environmental responsibility, green innovation, and promote the green transformation of
the economy. However, green innovation means a complete production transformation and
technological innovation for some resource-intensive firms. This not only exposes firms
to capital shortages and investment risks, but the long return cycle of the project is also
contrary to their profit-maximizing business goals, resulting in low motivation to undertake
green-friendly changes [6]. Therefore, it is essential to implement financial incentives to
proactively improve firms’ environmental performance [7].

Among the current market-based regulations in China, green finance is considered an
important tool to promote the green transformation of the economy because it can provide
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financial support to green firms [8]. As the beginning of the implementation of China’s
green financial policy, the green credit policy has been developed for a long time. It plays an
increasingly important role in promoting green innovation in firms and limiting the blind
expansion of heavy-polluting industries [9,10]. The green credit policy aims to impose
credit constraints on firms through financial institutions and promote firms to transform
from a high pollution model to a new economic development one with low pollution and
low energy consumption. Then, the policy aims to help firms reach a development model
that does not sacrifice long-term sustainable interests for short-term gains. Finally, the
ecological environment and economic development can be mutually benefited.

The existing literature about the measurement of firms’ green innovation has under-
gone a development process from R&D [11,12] to the patent data [13-16]. As part of the
inputs to production activities, R&D can not directly explain innovation outcomes. On the
contrary, the patent data can show firms’ output results in a more micro and direct way, as
for the impact of environmental regulation on firms’ green innovation of enterprises. Some
scholars argue that environmental regulations increase firms’ operating and R&D expendi-
tures, especially in resource-based industries. They think that environmental regulations
will fail to motivate firms to invest in green innovation and negatively affect on it [17-19].
However, at the same time, some scholars suggest that reasonable designs of environmen-
tal regulations can inspire firms to increase investment in their technology research and
development [20-23]. It is obvious that improving production efficiency and changing pro-
duction methods can significantly promote firms’ green innovation. By analyzing financial
markets in G20 countries, D’Orazio [24] finds that implementing climate-related financial
policies such as green finance can contribute to the sustainability of social development. As
the first and most complete policy of green finance, the green credit policy has also been
widely discussed in its role and impact mechanism.

In terms of relevant research, the existing literature mainly discusses the economic
effects of the green credit policy from the perspectives of firm investment and financing
efficiency, emission reduction efficiency and firm innovation enthusiasm, etc. [6,25-27].
In addition, based on the perspective of financial constraints, Hu et al. [28] find that the
green credit policy can significantly stimulate green innovation in heavy-polluting firms by
strong financial constraints, high expected sunk costs, and high violation costs. Su et al. [29]
argue that the green credit policy can improve air quality in China by limiting pollutant
emissions and increasing heavy-polluting firms’ burden. Liu et al. [30] argue that the green
credit policy positively impacts environmental pollution by significantly reducing the debt
financing capacity of heavy-polluting firms. Yao et al. [31] argue that the green credit policy
reduces the performance of heavy-polluting firms by increasing firm financing constraints
and reducing the level of investment. These studies mentioned above explore different
perspectives on the economic effects of the green credit policy and the factors influencing
the green technology of enterprises. However, little of the literature combines green credit
and firms’ green innovation to discuss their effects and corresponding impact mechanisms.

Does the implementation of the green credit policy impact firms’ green innovation?
What are the mechanisms of the impact of the green credit policy on firms’ green innova-
tion? To better investigate these issues, our analysis is divided into the following stages:
First, we use the DID approach to study the causal relationship between the green credit
policy and firms’ green innovation. Specifically, this paper uses the data of Chinese A-share
listed industrial firms from 2008 to 2019 and finds that the green credit policy can promote
firms’ green innovation. At the same time, we find that the green credit policy promotes
firms’ green technology upgrading by compressing heavy-polluting firms’ financing space
and raising their debt-financing cost. In addition, we are then providing endogenous
motivation for firms’ innovation and transformation as well as forcing heavy-polluting
firms to transform and upgrade. Finally, a series of additional analyses, including robust-
ness tests and heterogeneity analyses, are conducted to discuss the policy implications of
our findings.
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The possible contributions of this paper are summarized as follows. First, this paper
explores the relationship between the green credit policy and firms’ green innovation.
The existing literature mainly explores the impact of green credit implementation on firm
investment efficiency, but quite a few studies analyze the firms’ green innovation from
the green credit policy implementation perspective. We apply a DID and propensity score
matching (PSM) estimation method to explore the effect of the green credit policy on firms’
green innovation, which could fill the gap of existing research in green finance. Therefore,
our research enriches the impact of the green credit policy on firm development.

Second, through the study of the adjustment effect of the green credit policy, we explain
the potential mechanism of the green credit policy on firms’ green innovation. Moreover, we
find that the policy can promote firms’ green innovation through the channels of inhibiting
the compression of heavy-polluting firms’ financing space, raising their debt financing costs,
and promoting firm transformation and upgrading. This paper provides a new perspective
to interpret the relationship between the green credit policy and firms’ green innovation.

Third, from the perspective of firm heterogeneity, this paper reveals the difficulties
that non-state-owned firms and small-scale firms may encounter in the process of the green
credit policy implementation and provides theoretical guidance to enhance the effectiveness
of the policy implication.

The rest of the paper is structured as follows. Section 2 provides background and
research hypothesis. Section 3 is methodology and data, and Section 4 presents the empirical
results. Then, Section 5 is a robustness test based on the results, and Section 6 is the
heterogeneity analysis. Finally, Section 7 concludes with a discussion on policy implications.

2. Background and Research Hypothesis
2.1. Background

To guide enterprises to carry out environmental improvement and resource-saving
economic activities, it is necessary to implement policies supporting green finance. Green
finance promotes green economic transformation by providing financial support to green
firms [8]. As an important part of green finance, the green credit policy has two core
elements. First, it can support industries and projects such as energy conservation and
environmental protection, cleaner production, ecological environment, and green infras-
tructure upgrades. Second, to strictly prohibit lending to heavy-polluting firms, and even
strictly control and withdraw loans for environmental violations and projects that do not
meet the goals of green development [32]. Therefore, the green credit policy has the capital
regulation function of ordinary credit, making the surplus side of capital match with the
demand side of the capital. On the other hand, it can also serve as a tool of national
macro-control, becoming a means for the state to guide the transformation and upgrading
of industrial structure to low-energy and low-consumption industries.

Since the green credit policy has such implications, it can be predicted that it can acti-
vate firms to develop green technology that meet the needs of environmental development.
In this way, it is more likely to achieve both environmental and economic benefits. With
such consideration, in 2005, the State Council issued the Decision on Implementing the
Scientific Outlook on Development and Strengthening Environmental Protection, which
first proposed the green credit policy and marked the beginning of green finance. In 2007,
the former State Environmental Protection Administration, the People’s Bank of China, and
the China Banking Regulatory Commission jointly issued the “Opinions on Implementing
Environmental Protection Policies and Regulations to Prevent Credit Risks”. For the first
time, this “Opinion” regards the green credit policy as an important market method for
environmental protection, energy conservation, and emission reduction [7]. Since then,
business guidance regulations and development policies related to the green credit policy
have been launched one after another, and the policy has experienced a period of steady
development. However, the green credit policy has not been effectively implemented due to
imperfect supporting measures, lack of supervision over policy implementation, and inade-
quate evaluation and restriction mechanisms [33,34]. In February 2012, the China Banking
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Regulatory Commission issued the Green Credit Guidelines. The Guidelines propose how
financial institutions can effectively carry out the green credit policy, promote the green
transformation of traditional industries, and support the establishment of a low-carbon
and circular development industrial system from six aspects: organizational management,
policy system, process management, internal control management, information disclosure,
and supervision and inspection. The implementation of the Guidelines further clarifies the
standards and principles of the green credit policy in the banking industry. Therefore, it is
considered to be the first domestic regulatory document dedicated to green credit and the
core of China’s green credit system [30]. The introduction and implementation of the green
credit policy have broadened the scope of the capital investment driving the flourishing of
green industries and the sustainable development of general industries, resulting in new
growth points for economic development.

2.2. Research Hypothesis

Achieving “both the silver mountain and the green mountain” means that we must
take into account the twin goals of “stable growth” and “environmental protection”. How-
ever, the related policies that China has adopted have not achieved the goal of an “excellent
environment”. There is a huge gap between environmental governance practices and
their goals because substantial ecological improvements will rely on stronger end-of-pipe
governance measures and the use of financial instruments to change the incentives for
resource allocation. Therefore, financial instruments are indispensable to fundamentally
eliminate environmental pollution and achieve ecological and environmental management
goals. As the earliest policy implemented by green finance, the green credit policy restrains
banks from lending to non-green-firms and restricts the possibility of heavy-polluting firms
obtaining credit through the regulations on commercial bank loans, thereby forcing firms to
develop environmentally friendly industries. The 2012 Green Credit Guidelines are issued
to limit the blind expansion of heavy-polluting firms, while making them withdraw from
projects that may bring significant environmental problems through credit constraints and
encouraging them to undertake green innovation activities [10]. Based on this, we make
Hypothesis 1.

Hypothesis 1. The green credit policy implication promotes green innovation in heavy-polluting firms.

In the past, some large and heavy-polluting firms in China had easier access to bank
credit and preferential interest rates, since heavy-polluting firms are usually also capital-
intensive firms with strong profitability in their crude production and business models in
the context of rapid industrialization in the past [35,36]. However, with the development of
the economy, such a mode at the expense of the environment is no longer in line with the
requirements of the times. Therefore, heavy-polluting firms reverse the current losses by
carrying out environmentally friendly technological reforms and changing the production
and operation mode. To better guide the green innovation of heavy-polluting firms, the
green credit policy focuses on restricting financial institutions from lending to projects
that violate environmental laws and are not in line with green development goals, which
has greatly compressed the financing space for heavy-polluting firms [25]. Even some
ongoing environmental non-compliance projects have to be suspended due to the lack of
follow-up funding support. The financing channel internalizes the environmental costs
of firms, making them pay for their environmental pollution behavior in terms of loan
financing costs as well as to compress firms’ financing space and raise their debt financing
costs. However, debt financing is an important factor that influences the investment
decision, R&D investment, and innovation efficiency of firms. If firms want to change
the constraints of their financing availability and financing costs, they must turn to clean
technology research and development, enabling them to make innovative transformations.
Therefore, the introduction of the green credit policy has changed the incentive structure
of cleaner production for firms, providing them with an intrinsic motivation to innovate
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and transform without eliminating polluting production technologies. Based on this, we
propose Hypothesis 2.

Hypothesis 2. Policy implementation of “Green Credit” provides the endogenous impetus for firms
to innovate and transform in a green manner by compressing the financing space of heavy-polluting
firms and raising their debt financing costs.

Before the implementation of the green credit policy, there was no difference in the
loans of commercial banks to firms, and even heavy-polluting firms were more likely to
obtain bank loans due to their strong mortgage capacity. However, with the implemen-
tation of the Green Credit Guidelines in 2012, commercial banks responded to the call
of the green credit policy by launching green credit products, offering preferential credit
rates and credit policies to energy-saving and environment-friendly industries with low
pollution and consumption. The introduction of the “Green Credit Guidelines” makes
it difficult for heavy-polluting firms to obtain bank loans while maintaining the current
situation. In addition, firms that cannot obtain bank credit will be less productive [37].
Ordinary technological reforms have been unable to enable non-compliant heavy-polluting
firms to obtain bank loans and may also be unable to produce due to a lack of funds.
Therefore, to obtain more bank loans, heavy-polluting firms must break the rule, adjust the
existing industrial structure, develop by looking for alternative energy sources, control the
promotion of environmental pollution projects, and realize the optimization and upgrading
of the industrial structure. Based on this, we propose Hypothesis 3.

Hypothesis 3. The green credit policy implication can force the transformation and upgrading of
heavy-polluting firms and promote the innovation of the green technology of firms.

3. Research Design
3.1. Methodology

In this paper, the implementation of the green credit policy is treated as a quasi-natural
experiment. Following [38] and [31], whose analyses are similar to our research, we also
use a DID model to address our empirical concern. The difference-in-difference model
(DID) is widely used to evaluate policy effects for its effectiveness of causal identification.
The empirical results may be biased due to the heterogeneity of business performance and
industrial scale of different firms, thus failing to reflect the real policy effect. To address this
issue, we employ the propensity score matching method (PSM) developed from [39] by [40],
to remove sample selection bias. PSM can solve sample selection bias, but it cannot avoid
the endogeneity problem due to the omission of variables. Meanwhile, the DID can solve
the endogeneity problem well and derive policy treatment effects, but without the function
of solving sample bias well. Therefore, the PSM-DID method, which combines propensity
score matching and difference-in-difference (DID), is used in this paper to conduct the
study. First, we use PSM to find the control group closest to the experimental group in
terms of control variables such as firm financial data and then perform DID regression
using the matched experimental groups and control groups. The basic regression model is
constructed as follows:

Yis = a+ B1Treaty; x Timey + AXj + ui + v + €54 1

In model (1), the subscript i denotes an A-share listed industrial firm, ¢ denotes the year,
and Yj; denotes the number of green patent applications of firm i in year t. Treat;; x Time;;
is the DID term. Among them, if the firm is heavy-polluting, Treat takes 1, otherwise it
takes 0; if the sample year is 2012 or later, Time is 1, if not it is 0. Xj; is the control variable in
this paper. Referring to Amore and [41], to control other economic characteristic indicators
of firms’ green innovation, we introduce five firm-level indicators such as firm size (Size),
firm performance (ROA), asset-liability ratio (Debt), Tobin Q (Tobin Q), and the number of
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employees (Employee) as control variables. y; is a firm fixed effect, ; is a time fixed effect,
and ¢;; is a random disturbance term.

3.2. Sample Selection, Variable Descriptions, and Data Sources

This paper uses Chinese A-share listed industrial firms as the main research object to
compare the differences in the level of firms’ green innovation before and after the imple-
mentation of the Green Credit Guidelines and selects a sample of firm green innovation
levels research during 2008-2019. The green innovation data of firms in this paper are
based on the patent database of the State Intellectual Property Office and the “Green List of
International Patent Classification” issued by the World Intellectual Property Organization
(WIPO), while other firm-level financial data are obtained from the CSMAR database.
In this paper, based on the initial sample, the observations of listed firms are excluded
with abnormal financial status, such as ST and ST* as well as the listed firms with certain
indicators whose data are indeed serious. After the above screening and data processing,
22,607 firm-year observations are obtained in this paper. The main variables and measures
in this paper are as follows.

The explained variable. The explained variable is the level of firms’ green innovation.
Referring to [42] and [43], the number of green patent applications can better reflect the en-
vironmental technology level of firms and measure their innovation output. Therefore, we
adopt the total number of green patent applications (GTI) to measure the green innovation
capability of firms.

The explanatory variable. The heavy-polluting firms under the “Green Credit Guide-
lines” (Treat;; x Time;;) are explanatory variables. Among them, the list of heavy-polluting
firms is identified regarding [26], mainly based on the Guidelines on Industry Classification
of Listed firms revised by the China Securities Regulatory Commission in 2012, the List of
Listed firms for Environmental Verification Industry Classification, and Management estab-
lished by the Ministry of Environmental Protection in 2008 (Huanban Letter [2008] No.373)
and the Guidelines on Environmental Information Disclosure of Listed firms (Huanban No.
[2010] 78), mainly including thermal power, iron and steel, cement, electrolytic aluminum,
coal, metallurgy, chemical, petrochemical, building materials, paper, brewing, pharma-
ceutical, fermentation, textile, tannery, and mining, and another 16 types of industries.
Industries belonging to these 16 categories are identified as heavy-polluting firms and are
the experimental group, with Treat taking 1, and firms in other industries as the control
group, with Treat taking 0. The time dummy variable is bounded by the implementation of
the Green Credit Guidelines in 2012, and the sample time is taken as 1 in 2012 and later,
and 0 if not.

Control variables. Referring to [44] and [32], we add control variables at the firm
level, including firm size (Size), which is measured by the natural logarithm of the total
assets of the listed firms in the sample; firm performance (ROE), referring to [45], means
the return on net assets (ROE) of a firm can reflect the effectiveness of the comprehensive
utilization of a firm’s assets and is an important indicator of the profitability of the firm’s
assets. Therefore, firm performance is measured by ROE in this paper; debt ratio (Debt) is
expressed as a ratio of total liabilities to total assets at the end of the period; Tobin Q (Tobin
Q) is expressed as the ratio of the market value of owner’s equity and liabilities to the firm’s
total book assets; and the number of employees (Employee) is the natural logarithm of the
number of employees of the listed firms in the sample. The descriptive statistics of the data
are shown in Table 1.

Table 1. The description statistics.

(1) () 3) @) 5)
N Mean sd Min Max

GTI green innovation 22,607 1.741 17.58 0 966
Size firm size 22,607 2222 1.644 10.84 31.04

Variables Variable Description
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Table 1. Cont.
Variable D 1 (2) 3) 4) (5)
Variabl . ioti
ariables artable Lescription N Mean sd Min Max
Debt debt ratio 22,607  0.506 1.668 —0.195 142.7
TobinQ ratio of market value and liabilities 22,607  2.904 101.2 0.684 14,810
ROE the return on net assets 22,607 0.0632 0586 —45.48 28.65
Employee number of employees 22,607 7.624 1490  1.099 13.22

Notes: data are from the sources mentioned in this paper.

4. Empirical Analysis
4.1. Baseline Regression

Following [23], this paper uses DID and PSM-DID models to test the impact of the
green credit policy implementation on firm green innovation. The baseline regression
results are shown in Table 2. Specifically, columns (1) and (2) are the regression results of
the DID model. Column (1) is the result without control variables, and column (2) is the
result of firm control variables. To exclude the effect of heterogeneity on firm outcomes
due to different firms’ business performance, industry size, etc., we match the sample with
propensity scores before DID. Columns (3) and (4) are the regression results after PSM
matching, where column (3) is the result column without control variables and (4) adds
the firm control variables. The regression results from column (1) to column (4) reveal that
the green credit policy significantly contributes to firms’ green innovation, either before
or after matching or with or without the inclusion of firm control variables. The above
results are similar to the results of [46]. The results of the basic regression in Table 2 verify
Hypothesis 1: the implementation of the green credit policy promotes green innovation in
heavy-polluting firms.

Table 2. Baseline regression results.

DID PSM-DID
Variables @ 2) 3) (€Y
GTI GTI GTI GTI
Treat;; X Time;; 0.247 ** 0.281 ** 0.296 ** 0.329 ***
(2.22) (2.36) (2.53) (2.63)
Size 0.055 * 0.057 ***
(1.79) (2.85)
Debt —0.042 —0.048
(—0.18) (—0.21)
TobinQ 0.003 *** 0.001 **
(3.15) (2.03)
ROE 0.005 * 0.005 **
(1.71) (2.18)
employee 0.046 * 0.045*
(1.82) (1.81)
Constant 0.175* 1.302 0.177 * 1.336
(1.80) (0.99) (1.83) (1.08)
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 22,607 22,607 20,301 20,301
R-squared 0.110 0.123 0.121 0.230

Notes: ***, ** and * indicate the significance at 1%, 5%, and 10% levels, respectively; t statistics are denoted in
parentheses; Yes represents the variables are controlled; Control represents the other controlled variables; Firm FE
and Year FE are firm fixed effect and time fixed effect, respectively. PSM-DID: propensity score matching and
difference-in-difference.
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4.2. Parallel Trend Hypothesis and Dynamic Effects Test

Before using the DID method, it is necessary to test whether the parallel trend as-
sumption is satisfied. The trends of the outcome variables in the experimental and control
groups should remain consistent in the absence of policy interventions. Drawing on [47],
this paper employs the event analysis method to test the assumption of parallel trends and
further analyzes the dynamic effect of the green credit policy on the green innovation of
heavy-polluting firms. Following [48], we construct the following model:

Yi=a+ Z_4§j§3 BjTreat;y x Time; + AXi + pi + vt + €3t (2)

In model (2), B; denotes the impact from the first four periods before the policy
intervention to the last five periods after the treatment. 3 indicates the effect of the current
treatment period, so the DID term takes the value of 1 when the year is the current treatment
period and 0 otherwise. Other variables in model (2) are defined as above. We produce the
regression results of Equation (2) as Figure 1.

The Dynamic Effect of the Policy

-
o}
R
o]
O o
O
O
o
o} O
©
1
pred pre3 pre2 pre1 current After1 After2 After3

Notes: Vertical bands represent +(-)1.96 times the standard error of each point estimate
Figure 1. Parallel trend hypothesis and dynamic effects test.

Figure 1 shows the test results of the parallel trend and dynamic effect test. It can be
seen from Figure 1 that in the four years before the policy intervention, the estimated value
of the multiplication coefficient of each period and the dummy variable of the treatment
group is not significant at the 5% confidence level. It indicates that before implementing
the green credit policy, the target variables of the control and experimental groups do
not differ significantly. Moreover, the trends over time are generally consistent, which
satisfies the assumption of parallel trends. The estimated coefficient of the cross-product
term becomes significant after the enforcement, indicating that the policy positively affects
the improvement of firms’ green innovation. Therefore, the parallel trend hypothesis
and dynamic effect test in this paper are supported, satisfying the premise of using the
DID method. Moreover, Figure 1 also shows that the implementation of green credit can
significantly promote green innovation in firms and the effect of the policy is sustainable.

4.3. Moderating Effects

As an environmental regulation tool, the green credit policy requires financial in-
stitutions to strictly restrict loans to heavy-polluting firms and projects that pollute the
environment. Therefore, to meet the goal of stimulating the intrinsic motivation of green
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innovation in heavy-polluting firms and explore how green credit acts on firms’ green
innovation, this paper examines the regulation mechanism of the green credit policy on
firm green innovation from two aspects: firms’ financing constraints and firms’ indus-
trial upgrading.

Financing constraints of firms. Firms’ green innovation requires long-term financial
support, and long-term low-interest loans can encourage firms to invest in innovation
activities [49]. However, the green credit policy requires heavy-polluting enterprises to
meet the requirements of production technology before they can obtain low-interest loans
from banks. Therefore, if heavy-polluting enterprises want to obtain long-term low-interest
loans for their long-term development, they can only suspend projects that do not meet
environmental requirements and carry out clean technology innovation according to the
requirements of the green credit policy. This paper selects the proportion of long-term
borrowings in total assets (LR) as the moderating effect variable from the perspective
of inhibiting financing to illustrate the moderating effect of green credit on inhibiting
firm financing.

The regression results are shown in columns (1) and (3) of Table 3. Column (1) is the
result of the DID model, and column (3) is the result of running the PSM-DID model. As
can be seen in Table 3, the results are all significantly negative, indicating that the imple-
mentation of the green credit policy has a significant inhibitory effect on the proportion of
heavy-polluting firms obtaining long-term loans. This also shows that the introduction of
the green credit policy inhibits the possibility of heavy-polluting firms obtaining preferen-
tial financing from banks, which verifies hypothesis 2, which is consistent with the result
of [10] that the green credit policy reaches its goal by raising firms” debt financing costs.

Table 3. Moderating effects.

) 1) () (3) 4)
Variables LR RD PSM-LR PSM-RD
Treat;; X Time;; —0.008 *** 0.398 ** —0.017 *** 0.425 ***
(—3.40) (2.03) (—3.46) (3.78)
Constant —0.293 *** 2.561 *** —0.281 *** 2.610 ***
(—10.95) (5.59) (—10.31) (4.73)
Control Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 22,607 22,607 20,115 20,026
R-squared 0.125 0.280 0.201 0.338

Notes: *** and ** indicate the significance at 1% and 5% levels, respectively; t statistics are denoted in parentheses;
Yes represents the variables are controlled; Control represents the other controlled variables; Firm FE and Year
FE are firm fixed effect and time fixed effect, respectively. PSM-LR: the result of LR after running the PSM-DID
model; PSM-RD: the result of RD after running the PSM-DID model.

Industrial upgrading of firms. Environmental regulation policies can optimize and
upgrade the industrial structure through the development of alternative energy sources
and the advancement of environmentally polluting projects through the creation of green
financial instruments [41]. The green credit policy restricts the issuance of loans to heavily
polluting enterprises while pouring money into clean energy production. Therefore, while
guiding high-polluting enterprises to enter low-energy consumption and low-emission
industries, the goal of restricting the continued development of high-polluting enterprises
in high-energy consumption and high-emission industries can be achieved, which speeds
up the industrial upgrading of enterprises. Referring to [43], we select the amount of
annual firm R&D investment (RD) as the moderating effect variable of industrial upgrad-
ing to show that there is a moderating effect of the green credit policy on promoting
industrial upgrading.

The regression results are shown in columns (2) and (4) of Table 3. Column (2) is the
result of running the base regression of model (1), and column (4) is the result of running the
model after propensity score matching. The results are all significantly positive, indicating
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that under the restriction and guidance of the green credit policy. This means the R&D
investment of heavy-polluting firms has increased significantly, which is consistent with
hypothesis 3.

5. Robustness Tests
5.1. Placebo Test

To exclude the results of other important unobservable factors such as environment,
economy, politics, etc., this paper conducts a placebo test by randomization. In our ran-
domization, referring to [50], we randomly select the year of policy implementation and
then randomly assign it to the experimental group for testing. To enhance the validity
of the test, we repeat this random process 1000 times and obtained the corresponding
samples. Among these pseudo-sample firms, we run the regression of Equation (1). The
distribution of the estimated coefficients and the corresponding p-values obtained for the
pseudo-sample firms are shown in Figure 2. In Figure 2, the horizontal axis indicates the
magnitude of the estimated coefficients of the pseudo-sample firms, and the vertical axis
indicates the magnitude of the density values and p-values. The curve is the kernel density
distribution of the estimated coefficients, the red cross is the p-value corresponding to the
estimated coefficients, and the vertical dashed line is the true estimate of the DID model.
This value is the estimated value after PSM matching, which can be found in Table 1 to be
0.329. As can be seen in Figure 2, the estimated value of random allocation is concentrated
around 0. Meanwhile, most of the results are smaller than the estimated value of 0.329,
which is the green credit for firms’ green innovation after PSM matching. Moreover, most
of the p-values of the estimates are greater than 0.1, indicating that most of the coefficients
of the random sample are not significant at the 10% level. These results all suggest that our
estimates were not obtained by chance and are unlikely to be influenced by other policy or
random factors.

4

T T T T
-2 0 2 4

Figure 2. Placebo test.

The results of the placebo test show that the conclusion that the implementation of the
green credit policy that can significantly promote firms’ green innovation is not due to the
influence of unobservable factors.
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5.2. Replacement of the Explanatory Variable

Table 4 shows the results of the test after replacing the explanatory variables. Since
the selection of indicators for the explanatory variables may also cause estimation bias,
we replace green patent applications in the regression model with green invention patent
applications (IGTI) and green utility model patent applications (UGTI), which in turn
provide explanatory variables and use the regression of model (1), respectively. The results
obtained are shown in Table 4. Among them, columns (1) and (2) are the regression results
based on DID, and columns (3) and (4) are the regression results after propensity score
matching. The results in columns (1)-(4) are all significantly positive, indicating that the
selection of the explanatory variables does not cause estimation errors on the experimental
results. Therefore, our conclusion that the implementation of the green credit policy can
significantly promote firms’ green innovation is robust.

Table 4. Replacing the explanatory variable.

DID PSM-DID
Variables 1) 2) 3) 4)
UGTI IGTI UGTI IGTI
Treat;; X Time;; 0.162 ** 0.084 *** 0.226 *** 0.120 ***
(2.47) (3.31) (3.71) (2.87)
Constant 0.257 *** 0.083** 7.886 ** 6.538 **
(3.85) (2.35) (2.04) (2.14)
Control Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 22,607 22,607 19,583 20,221
R-squared 0.108 0.216 0.119 0.299

Notes: *** and ** indicate the significance at 1% and 5% levels, respectively; t statistics are denoted in parentheses;
Yes represents the variables are controlled; Control represents the other controlled variables; Firm FE and Year FE
are firm fixed effect and time fixed effect, respectively. DID: difference-in-difference; PSM-DID: propensity score
matching and difference-in-difference.

6. Heterogeneity Analysis

The previous analysis shows that the green credit policy has a significant impact on
green innovation in heavy-polluting firms. However, the behavioral response to environ-
mental regulations varies by firm attributes. Based on this, this paper distinguishes firms
with different property rights and firms of different sizes to explore the impact of the green
credit policy. The exploration of this issue will help us understand the micro-effects of the
green credit policy under different scenarios.

There are certain differences between state-owned firms (SOEs) and non-state-owned
firms (non-SOEs) in terms of resource endowment and political resources. First, compared
to non-SOEs, SOEs are more likely to have access to additional political resources, such as
easier access to credit financing, etc., which means a lower-cost green innovation transfor-
mation. Second, SOEs are more vulnerable to government intervention than non-SOEs,
so they will formulate more stringent environmental regulation response strategies to
undertake the economic goals and social responsibilities entrusted by the government [51].
Based on this, this paper divides two sub-samples into SOEs and non-SOEs, according
to the nature of their property rights, and examines the impact of the green credit policy
on green innovation in the two types of firms, respectively. Therefore, we conducted
sub-sample regression for state-owned enterprises and non-state-owned enterprises, and
the results are shown in columns (1) and (2) of Table 5. The results show that the regression
coefficient of state-owned enterprises is 0.545, which is significantly positive, indicating that
the green credit policy has a positive impact on green innovation of state-owned enterprises.
However, the regression coefficient of non-state-owned enterprises is not significant. The
likely economic explanation is that SOEs are subject to stricter government regulation
and are, therefore, more responsive to policies to upgrade green technologies. However,
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non-state-owned enterprises are limited by capital availability, profit maximization, and
other constraints, so they cannot invest a lot of money to upgrade green technology. The
results are similar to [52].

Table 5. Heterogeneity analysis.

1) (2) 4] 2

Variables

State-Owned Non-State-Owned L-Scale S-Scale
Treat;; X Time;; 0.545 *** 0.103 0.436 ** 0.332
(2.78) (1.31) (2.33) (1.57)
Constant —2.812 *** 1.910 —2.812 ** 1.910 ***
(—2.64) (0.62) (—2.04) (3.26)
Control Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 7495 15112 11297 11310
R-squared 0.226 0.314 0.326 0.314

Notes: *** and ** indicate the significance at 1% and 5% levels, respectively; t statistics are denoted in parentheses;
Yes represents the variables are controlled; Control represents the other controlled variables; Firm FE and Year FE
are firm fixed effect and time fixed effect, respectively. DID: difference-in-difference; PSM-DID: propensity score
matching and difference-in-difference.

Firms of different sizes are quite different in terms of internal control and financing
capabilities, which may lead to different effects of the green credit policy between the two.
Specifically, compared to small-scale firms, large-scale firms are more abundant in resources,
better financed, and more capable of making green innovation changes. Second, large-scale
firms may have greater performance growth benefits from technological upgrades and
more incentive to pursue green innovation. Furthermore, large-scale firms have more
robust internal control systems and can more accurately grasp policy guidance when
dealing with issues such as environmental regulations [46]. Based on this, the study divides
the sample into large-scale firms and small-scale firms based on the median total assets
of the sample firms in 2012 and performs group regressions. The results obtained are
shown in columns (3) and (4) of Table 5. The results show that the green credit policy has a
significant promotion effect on green innovation in large-scale heavy-polluting firms, but
not in small-scale firms. This may be because small-scale firms with limited resources will
have to stop upgrading their green technologies due to a lack of funds in response to the
green credit policy.

7. Conclusions

To better realize the goal of “environmental excellence” and guide firms to effectively
carry out green innovation, this paper focuses on the green credit policy proposed in 2012
to discuss the contribution of this policy. Further, we want to find out whether and how
the green credit policy promotes firms’ green innovation. Finally, based on our empirical
results, we have had some revelations and can make some policy suggestions on how to
implement the green credit policy better.

Using a dataset covering Chinese A-share listed industrial firms from 2008 to 2019,
we study the effect of the green credit policy on firms’ green innovation with a DID model.
The results show that (1) The implementation of the green credit policy promotes green
innovation in heavy-polluting firms; (2) The green credit policy can provide an impetus for
firm innovation and transformation, and promote firm green innovation by reducing the
financing space of heavy-polluting firms; (3) The implementation of the green credit policy
pushes heavy-polluting firms to transform and upgrade the green innovation capability;
and (4) The heterogeneity analysis shows that the promotion effect of the green credit
policy on firms’ green innovation is more significant for state-owned firms and large-scale
firms, but not for non-state-owned firms and small-scale firms. According to the results
concluded above, we can say that the green credit policy plays a positive role in promoting
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firms” green innovation and helps with environmental improvement. The analysis of it
means a lot, but it still has something that needs to be improved by the government.

Our results can provide important implications by summarizing the following policy
suggestions. First, the government should continue to enforce the green credit policy as
environmental regulation. According to our empirical results, the green credit policy has a
positive contribution to firms’ green transformation development. However, since China’s
current environmental regulatory policies are still command-and-control oriented, firms
show more passive and stressful responses, while proactive and strategic responses appear
to be insufficient. Moreover, the government should change the policy focus from guiding
to specific implementation terms to improve the operability of the green credit policy.
Further, the government should also clarify the objectives of the green innovation progress
effect and pay more attention to the optimal effect of the policy. Moreover, the government
should develop suitable policy implementations based on the local firms” development.

Second, improve the financial constraints and incentives mechanism. In our analy-
sis of the green credit policy’s mechanisms about firms’ green innovation, we find that
financing constraints and firm investment positively contribute to firm green innovation
transformation. The green credit policy can increase the cost of debt financing for firms,
making fewer projects available for heavy-polluting firms to finance and lowering the
level of investment. Heavy-polluting firms must accelerate their industrial transforma-
tion and upgrade and improve their credit financing capacity to obtain loans from banks.
Therefore, in implementing the green credit policy, we should guide firms to improve
their financial constraints and to accelerate their transformation and upgrading to achieve
sustainable development.

Third, differentiated policies according to the heterogeneity of enterprises. According
to our empirical study, the promotion effect of the green credit policy on non-state and small-
scale firms is not significant yet. This is mainly because these firms lack policy resources
and correct direction guidance compared with state-owned firms and large-scale firms.
Therefore, in implementing the green credit policy, appropriate policy terms should be
formulated according to the different characteristics of firms to achieve precise positioning.
Meanwhile, the limitation of this paper is that the variables may have trend differences
that make interference in the identification of the disposition effect. Therefore, we can
use the Difference-in-Difference-in-Difference (DDD) model to control the interference
of trend differences on the identification of the disposition effect by introducing a new
control group to further explore the net effect of the green credit policy on firms’ green
technology innovation.
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