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Abstract

The green finance sector is key to accelerating the green transformation of economic structures and promoting green eco-
nomic growth. However, understanding how to effectively combine green finance and green innovation is still in the explora-
tory stage. Using the implementation of the Green Credit Guidelines (hereinafter Guidelines) in 2012 as a quasi-natural
experiment, we examine the causal relationship between green finance and green innovation. According to our findings, the
green innovation performance of green credit-restricted industries improved significantly after the implementation of the
Guidelines, although quality improvements of green innovation were not evident. This was a result of improved management
efficiency and investment efficiency. Additionally, the Guidelines appear to have a more positive impact on green innovation
for firms with lower levels of managerial short-termism or firms in regions with stronger environmental law enforcement.

Green innovation can significantly enhance the environmental and social performance of a company.

Keywords Green innovation - Green finance - Difference in difference - Green Credit Guidelines

Introduction

A total of 195 countries signed the Paris Agreement in 2015
in an effort to reduce climate change. Provided the agree-
ment holds, global temperatures will not rise beyond 2 °C.
Many countries are promoting green innovation to achieve
these long-term goals. There has been considerable debate
in academic economics concerning the factors that drive
green innovations. Research has been conducted on various
market characteristics, including environmental regulations
(Pan et al. 2021; Song et al. 2020), industry competition
(Aghion et al. 2020), and corporate governance (Amore and
Bennedsen 2016; Asni and Agustia 2022). Another strand of
research emphasized firm characteristics such as firm size
(Lin et al. 2019), managerial concern (Tang et al. 2018),
and financing constraints (Yu et al. 2021). Andersen (2017)
showed that access to financial resources was the most
essential characteristic. An important component of upfront
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costs is innovation investment (S. Liu et al. 2021). A higher
upfront cost requires more external financing (Sutton 2007).

China’s enterprises are facing severe financing con-
straints and are eager for financial assistance (Chava
et al. 2009). Thus, the Chinese government has imple-
mented a series of policies to improve finance alloca-
tion efficiency for enterprises participating in green
innovations, such as the green credit policy. In 2007, the
China Banking Regulatory Commission (CBRC) issued
“Guiding Opinions on Credit Granting for Energy Con-
servation and Emission Reduction.” Subsequently, the
CBRC issued the “Green Credit Guidelines™ in 2012,
which outlined the framework for green credit and allo-
cated resources to low-carbon, recycling, and ecological
projects. According to the predicted statistics, 21 major
banks would save more than 400 million tons of standard
coal and reduce the carbon dioxide equivalent by more
than 700 million tons each year by utilizing green credit
funds. However, there is still a research gap regarding the
integration of green finance policies and green innova-
tion. It is uncertain whether this green credit policy will
be effective in promoting green innovation. How would
an effective green credit policy influence enterprises’
green innovation activities? To resolve these issues, we
consider taking the implementation of the Green Credit
Guidelines policy in 2012 as a quasi-natural experiment.
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In accordance with the detailed regulations of the Green
Credit Guidelines, green financing may have both an incen-
tive and a restraint effect. According to the Green Credit
Guidelines, the accessibility of finance is directly related
to enterprises’ environmental performance; that is, if com-
panies demonstrate better environmental risk management,
environmental disclosure, environmental performance,
and involvement in green projects, they are able to obtain
larger, longer-term, and more affordable loans, but not vice
versa. Thus, enterprises are motivated to improve their green
innovations to obtain financial support. Nevertheless, in the
context of principal-agency ownership structures, managers
are responsible for affecting and implementing any business
strategy (Hambrick 2007; Hambrick and Mason 1984). A
firm’s agent with control over the firm’s resources will act in
his or her own self-interest at the expense of the corporation
(Jensen and Meckling 1976). Accordingly, whether green
finance is able to improve green innovations depends on
managers’ behavior. Monitoring mechanisms are capable of
monitoring managers’ self-interest behavior (Rashid 2016).
According to Jensen and Meckling (1976), banks and other
institutional creditors play an important role in corporate
governance activities (Nini et al. 2012). A strong supervision
function of green credit leads managers to do a better job of
ensuring that green innovation investments are enabled and
that green development opportunities are captured (Tan et al.
2022). Additionally, bank credit plays an important signaling
role for external investors, and shareholders motivate manag-
ers to innovate in a greener manner through a “reverse forc-
ing” effect (Guan et al. 2019; Porter 1995). Therefore, the
external and internal controlling functions of green finance
can constrain the adverse selection and moral hazard behav-
ior of managers to a certain extent (He et al. 2019), effec-
tively alleviate credit constraints (Tolliver et al. 2021), and
increase the efficiency of green investments (Hovakimian
2011). Enhancing management efficiency (reducing agency
costs) and investment efficiency contributes to the advance-
ment of green innovations. Empirical studies demonstrate
that the Green Credit Guidelines influence the innovation
behavior of enterprises by enhancing management efficiency
and investment efficiency, although the quality of innovation
is not significantly enhanced.

Time orientation theory in social psychology sug-
gests that managers’ time cognition is short-term ori-
ented and that they value the present (Kang et al. 2019;
Laverty 1996). Generally, senior managers are compelled
to engage in short-term strategies to satisfy a newly
empowered short-termism shareholder base (Polsky and
Lund 2013). In contrast, the green innovation phenom-
enon is a high-risk, long-term, and uncertain activity,
and short-termism by managers has a negative impact on
the motivation to participate. This paper explores mana-
gerial short-termism as a moderator of the relationship

between green finance and green innovation. According
to the empirical tests, the Green Credit Guidelines result
in a significantly pronounced positive impact on innova-
tion improvement for enterprises with lower managerial
short-termism.

In accordance with the literature, the characteristics of
firms influence green innovation; however, market factors,
such as laws, regulations, and policies, have also been
shown to have an impact on the innovation behavior of
enterprises (Shao et al. 2020). As an example, strengthen-
ing environmental regulations can enhance the efficiency
of green finance allocation (Su and Lian 2018). To influ-
ence enterprises’ innovation behavior, it is essential to
allocate green finance efficiently. Accordingly, in this
paper, we also explore the role of environmental regulation
in moderating the relationship between green finance and
green innovation. Empirical tests indicate that the stronger
environmental regulations are, the greater the effect of the
guidelines on promoting green innovation. In addition to
verifying that the Green Credit Guidelines improve inno-
vative behavior in enterprises, we examine whether they
contribute to improving environmental and social perfor-
mance. The results indicate that green innovation induced
by the Guidelines has led to significant improvements in
the performance of enterprises in terms of their environ-
mental and social impacts.

In accordance with the content of our paper, our major
contributions are as follows: First, we introduce green
finance into the framework of determinants of green innova-
tion and we examine whether green finance improves green
innovation using the DID methodology, thereby filling a
gap in the research on green finance and developing a new
empirical approach to the topic. Second, we supplement the
previous literature by examining possible mechanisms for
upgrading green innovation through green finance. Several
policy implications can be drawn from the results. Develop-
ing countries may also benefit from China’s successful green
credit policy. A third contribution is to provide a microeco-
nomic foundation for the literature on the finance-growth
nexus through an examination of the causal effects of green
finance on green innovation.

The remainder of the paper is organized as follows:
The “Institutional background and literature review” sec-
tion briefly summarizes the background of the Green
Credit Guidelines in China, reviews the relevant literature,
and develops hypotheses. The “Research design” section
describes the research design, including the data sample,
empirical model, and descriptive analysis. The empirical
baseline results are presented in the “Empirical results”
section. In the “Possible channels” section, we test the pos-
sible channels and perform robustness tests in the “Robust-
ness test” section. In the “Further analysis” section, we pro-
vide heterogeneity tests and perform further analysis of the
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effects on environmental performance. The “Conclusion and
policy implications” section summarizes the full text and
offers policy recommendations.

Institutional background and literature
review

Institutional background

To achieve the goal of limiting the upgrading in global
temperature to below 2 °C, the majority of countries sup-
port enhancing green innovation (Acemoglu et al. 2016). A
typical example is China. The Chinese government has been
working hard to fight pollution. In 2020, China officially pro-
posed the “dual carbon” commitment of striving to achieve
a carbon peak in 2030 and carbon neutrality in 2060 ahead
of schedule. To achieve the dual carbon goal, governments
focus on the supporting and leading roles of green and low-
carbon technological innovation actions. Carbon peaking
and carbon neutralization are systematic, long-term projects.
Deepening the structural reform of the financial supply side
and developing green finance are inevitable requirements for
achieving carbon peaking and carbon neutrality. Therefore,
in addition to comprehensive regulations and administrative
enforcement, green finance policies have been introduced
and improved (D'Orazio 2022).

China is a country with a relatively complete green finan-
cial policy system. For the first time, the “overall plan for
the reform of the ecological civilization system” proposed
the overall goal of “establishing a green financial system”
in 2015. In 2016, the “guiding opinions on building a green
financial system” clearly presented key tasks and specific
measures for building a green financial system and providing
policy guarantees for the standardized development of green
finance. In 2020, the Fifth Plenary Session of the 19th CPC
Central Committee once again emphasized the “Develop-
ment of Green Finance.” In 2021, the Central Committee
of the Communist Party of China issued the “Opinions on
Completely, Accurately, and Comprehensively Implement-
ing the New Development Concept and Doing a Good Job
in Carbon Peaking and Carbon Neutrality,” which required
the active development of green finance, the establishment
and improvement of a green financial standard system, and
the need for financial support for carbon emissions. Work on
peaking and carbon neutrality provide the basics to follow.

China’s green credit policy is the earliest, largest, and
most mature part of China’s green finance field. In 2007,
the former CBRC issued the “Guiding Opinions on Credit
Granting for Energy Conservation and Emission Reduction.”
In 2012, the CBRC issued the “Green Credit Guidelines.”
They first outlined the framework for the green credit system
and ensured that resources were allocated to low-carbon,
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recycling, and ecological projects. Since then, a series of
green finance policies have been launched, including the
“Energy Efficiency Credit Guidelines,” the “Green Credit
Statistical System,” and the “Key Evaluation Indicators of
Green Credit Implementation.” The policy system, includ-
ing statistics, assessment and evaluation, and classified
guidance, has been continuously improved, and banking
institutions have been urged to develop green finance. As of
the end of September 2021, the green credit balance of 21
major domestic banks reached 14.1 trillion yuan, account-
ing for 10.32% of all loans. Figure 1 reports that the green
credit balance of large state-owned commercial banks and
national joint-stock commercial banks has been continuously
improved.

China’s green credit scale has ranked first in the world
for many years, and its asset quality is generally good. The
nonperforming loan ratio has remained below 0.7% in the
past 5 years. According to the proportion of credit funds in
the total investment in green projects, the green credit of 21
major banks can save more than 400 million tons of standard
coal and reduce the carbon dioxide equivalent by more than
700 million tons each year.

The introduction of these policies has led to a remark-
able improvement in green innovation in China. The 2021
China Green Technology Innovation Index Report shows
that since 2008, China’s green technology innovation has
grown rapidly. The annual index of green technology inno-
vation increased from 1000 in the base period in 2008 to
4791.20 in 2021, an increase of nearly 4.8 times in 14 years
with a compound annual growth rate of 11.84%. National
green technology innovation grew rapidly during 2008-2021
(see Fig. 2).

Literature review and hypothesis development

The Green Credit Guidelines limit loans to industries
with high levels of pollution, high levels of energy inten-
sity, and overcapacity (THOS industries), while provid-
ing assistance to non-THOS industries (Tan et al. 2022).
A dual incentive-restraint effect is created by the Green
Credit Guidelines by guiding capital allocation. This
incentive effect can be seen in its availability and con-
venience when enterprises receive credit, i.e., if compa-
nies perform better in managing environmental risks, the
disclosure of environmental information, and environ-
mental performance, they can obtain financial support
and obtain larger, longer-term, and more affordable loans.
Enterprises’ capabilities in green innovation are usually
limited by financing constraints because green innova-
tion is characterized by high uncertainty, high input,
and a prolonged research and development (R&D) cycle
(Beladi et al. 2021; Hall and Lerner 2010; Zhang and Guo
2019). Therefore, green finance is necessary to alleviate
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Fig. 1 Green credit balance of large state-owned commercial banks and national joint-stock commercial banks (million yuan) from 2014 to
2020. Data source: Commercial Bank’s Annual Performance Report and Social Responsibility Report

the financial constraints on green innovation and to drive
the improvement of green innovation (Zhou and Du 2021).

In contrast, the restraint effect is evident in the higher
thresholds for loan limits and transaction costs (Irfan et al.
2022). If a company emits high levels of pollution, the finan-
cial assistance it receives will be reduced (van Leeuwen and
Mohnen 2017) or the financing costs will be increased. To
obtain loans from banks, THOS industries need to engage
in innovative green technology (Goetz 2019). Therefore, we
propose Hypothesis H1.

Hypothesis H1: After the guidelines were published, the
green innovation performance of enterprises with green
credit restrictions in the guidelines was better.

A conflict of interest exists between managers and share-
holders when agents have control over a firm’s resources and
work for their own interests at the expense of shareholders
(Jensen and Meckling 1976). A cost arising from the prin-
ciple’s sacrifice of wealth and the potential costs associated

with monitoring agents is known as the agency cost (Jensen
and Meckling 1976). A higher agency cost indicates a lower
level of managerial efficiency. It is possible to minimize the
relative agency cost by implementing a number of monitor-
ing mechanisms (Rashid 2016). The agency costs of com-
panies can be reduced when external entities such as banks
or other creditors monitor their operations, as Jensen and
Meckling (1976) note. It is widely recognized that banks and
some other institutional creditors are not merely observers of
firm value until a default occurs; they participate in corpo-
rate governance activities (Nini et al. 2012). As banks pro-
vide financing for enterprises, they are responsible for super-
vising and controlling them (Yu et al. 2021). Furthermore,
banks may adjust the terms of their bank loans in response
to their concerns regarding agency problems. Therefore,
green credit plays a clear supervisory role (Tan et al. 2022).
Considering the strong supervision function of green credit,
managers must work harder to ensure that green innova-
tion investments are carried out and those green develop-
ment opportunities are exploited (Zhang and Li 2022). In
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Fig.2 National green technology innovation annual index from 2008 to 2021. Data source: https://baijiahao.baidu.com/s?id=173307973594001
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addition, bank credit plays an imperative signaling role for
external investors as well as motivating managers to innovate
through a “reverse forcing” effect (Guan et al. 2019; Porter
1995). Consequently, the control functions of bank credit
can reduce the adverse selection and moral hazard behaviors
of managers and increase management efficiency (He et al.
2019). Therefore, we propose Hypothesis H2a.

Hypothesis H2a: After the implementation of the guide-
lines, the managerial efficiency of green credit-restricted
industries was significantly improved.

Stein (2003) has demonstrated that inefficiency in invest-
ment can be attributed to underlying agency issues such
as empire building, overconfidence, career motives, herd-
ing behavior, and short-termism. Accordingly, enterprises
deviate from their optimal investment amount due to agency
conflicts, asymmetric information, and financing constraints,
which results in low investment efficiency (Holmstrom 1999;
Malmendier and Tate 2005). Studies have shown that debt
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financing plays a significant role in minimizing agency
costs between management and shareholders and improving
investment efficiency (Yan et al. 2022). Bank loans account
for the majority of debt financing in China (Wang and Zhi
2016). Enterprise investment efficiency can be improved
by the governance effect of bank loans (Jensen 1986;
Stulz 1990). Through four internal mechanisms—deliver-
ing important information, reducing agency costs, easing
financing constraints, and hardening budget constraints—
bank credit can serve as the primary source of corporate debt
financing, alleviating investment shortages and controlling
overinvestment, which ultimately leads to improved invest-
ment efficiency (He et al. 2019). Furthermore, financial
institutions oversee the financial operations of enterprises
during the preloan, in-loan, and postloan processes, which
improves investment efficiency (Yu et al. 2021). In terms of
the Green Credit Guidelines, green credit can help relieve
credit constraints (Tolliver et al. 2021). Higher green invest-
ment efficiency is enabled by lowering credit constraints
(Hovakimian 2011). Thus, we propose Hypothesis H2b.
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Hypothesis H2b: After the implementation of the guide-
lines, the investment efficiency of green credit-restricted
industries was significantly improved.

Based on the upper echelon theory, the experiences, val-
ues, cognitions, and personalities of executives affect the
firm’s strategy choices (Hambrick and Mason 1984). A com-
pany’s executive can have a significant influence on green
innovation as the decision-maker. According to the time
orientation theory in social psychology, managers perceive
time as short-term and value the present (Kang et al. 2019;
Laverty 1996). Accordingly, senior managers will usually be
forced to engage in short-term strategies that prop up current
share prices to satisfy the newly empowered short-termism
shareholder base (Polsky and Lund 2013). They may lose
ground to their competitors if they fail to do so, thereby
increasing their likelihood of termination. Since green
innovation involves considerable R&D expenditures and a
high failure rate (Holmstrom 1989), managers prefer short-
term investments to boost their reputation (Brauer 2013)
or are concerned about job security, so they prefer short-
term investments over long-term investments (Hirshleifer
and Thakor 1992). As Brauer (2013) notes, chief executive
officers (CEOs) are unlikely to reap the benefits of long-term
measures due to their continuously short tenure (Marginson
and McAulay 2008). Thus, the short-termism of managers
can result in increased agency costs and inefficient invest-
ment decisions (Terry 2015). In contrast, we have demon-
strated that bank credit can improve investment efficiency
through four internal mechanisms (He et al. 2019). Thus, the
lower the short-termism of managers, the higher the invest-
ment efficiency, and the greater the impact of guidelines
on green innovation. In other words, managers with lower
levels of short-termism are more likely to engage in green
innovation after obtaining green financing. As a result, we
propose Hypothesis H3a.

Hypothesis H3a: The lower the myopia of management
is, the more significant the green innovation promotion
effect of the guidelines.

An improvement in environmental regulations will
enhance the investment efficiency of green credit (Berrone
et al. 2013). It is important to note from the perspective of
green finance that the effectiveness of green credit policies
depends on the support of environmental protection poli-
cies and relevant laws and regulations (Shao et al. 2020).
Thus, strengthening environmental regulations is helpful in
increasing the efficiency of the allocation of green credit
resources. Incorporating environmental damage, resource
consumption, and ecological benefits into the economic and
social development evaluation system, for instance, may sig-
nificantly increase the support of local governments for a

green economy, improve environmental protection laws, and
strengthen environmental protection interviews (Su and Lian
2018). According to Song et al. (2018), environmental regu-
lation intensity differs significantly in different industries,
and this difference leads to a wide range of R&D efficiency
between industries (Jiang et al. 2018). There is evidence that
industries subjected to strict environmental regulations have
higher input—output ratios. Furthermore, according to insti-
tutional innovation theory, the stability of the policy system
will affect the innovation process of enterprises (Chu et al.
2018). Therefore, we propose Hypothesis H3b.

Hypothesis H3b: The stronger the environmental regula-
tion is, the more significant the green innovation promo-
tion of the guidelines will be.

First, let us consider the direct effects of the Green Credit
Guidelines. To reduce corporate risks and improve per-
formance, the guidelines encourage clean investment and
restrict polluting investment (Yao et al. 2021). The applica-
tion of green innovation can reduce negative externalities
associated with the environment and improve the sustain-
ability and social performance of enterprises (Sachs et al.
2019). The second effect is the indirect effect of the Green
Credit Guidelines. Porter and Linde (1995) suggest that
environmental regulation can foster innovation and enhance
competitiveness. On the basis of the literature (e.g., Cai and
Tylecote 2008; Jiang et al. 2018) and this hypothesis, we
expect green innovation to improve firm performance in
China (Zhang et al. 2019). By obtaining high-quality green
patents, firms are able to enjoy faster growth and gain more
economic benefits. An increase in firm performance leads to
an increase in environmental and social performance. There-
fore, we propose Hypothesis H4.

Hypothesis H4: After the implementation of the guide-
lines, green innovation can improve the environmental
and social performance of enterprises.

Research design
Data

We obtained data from the China Securities Markets
and Accounting Research (CSMAR) database for 2007
to 2017, which is a source of financial data for A-share
listed companies. We then eliminate the following com-
panies from the sample: financial and insurance compa-
nies, companies with asset-liability ratios between 0 and
1, and listed companies without data. From the China
Research Data Service Platform (CNRDS), we obtain
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patent classification numbers for all A-share listed com-
panies’ invention patents. We further divide patents into
green and nongreen according to the “Green List of Inter-
national Patent Classification” issued by the World Intel-
lectual Property Organization (WIPO).

Variables
Green innovation

A number of approaches to technology innovation have
been proposed, including research and development (R&D)
(Zhang et al. 2017), patents (Wu et al. 2021), and total factor
productivity (TFP). It is difficult to penetrate the segmented
technology areas with R&D data and green productivity
indicators (Wang 2017), a small delay in patent applica-
tions (Griliches et al. 1986), and a large amount of micro
information included in patents (Dechezleprétre and Martin
2010), which explains why we prefer patents. Furthermore,
the audit of patent grants is more stringent than the audit of
patent applications, so this paper focuses on green patents
to measure green innovation. Many scholars consider the
number of utility patents granted as a measure of quantity.
The number of invention patents granted is considered a
measure of the quality of innovation (Hu and Jefferson 2009;
Bronzini and Piselli 2016). It has been shown that invention
patents are more inventive and technologically advanced
than utility model patents (Fu et al. 2022). Therefore, fol-
lowing Fu et al. (2022), this study measures the quantity of
green technology innovation through the number of granted
green utility model patents and the quality of green tech-
nology innovation through the number of granted green
invention patents. In this study, the dependent variable is
the logarithm of one plus the number of patents granted for
green inventions.

Other variables

On the basis of the literature, we also control the following
variables.

First, we control the size of the firm. The govern-
ment, the media, and nongovernmental organizations
exert greater pressure on large-scale companies. It is
believed that larger companies are motivated to partici-
pate in corporate social responsibility (CSR) initiatives
(Udayasankar 2008) and are discouraged from engaging
in irresponsible behavior (Liu and Anbumozhi 2009).
Furthermore, larger companies have easier access to a
variety of resources, which encourages the development
of green innovations (Lin et al. 2019). The size of the
firm is determined by the logarithm of the number of
employees (size).
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Based on a resource-based perspective, green innovation
requires substantial financial resources, of which profitabil-
ity is an essential component (Li et al. 2017). Profitability
enables a company to invest in more eco-friendly technolo-
gies and management systems (Dean and Brown 1995).
Profitability is calculated as the ratio of net profit to total
assets (ROA).

Li (2018) documented that companies with high financial
leverage have a high asset-liability ratio, as a result of which
these companies are forced to take measures to meet the
demands of stakeholders for sustainable development, such
as green innovation. The ratio of total debt to total assets is
used to calculate leverage (leverage).

A number of studies have demonstrated that managerial
ability can improve certain aspects of corporate operations
(Chen et al. 2015). First, more able managers are more likely
to be trusted by shareholders and other stakeholders (Baik
et al. 2011; Demerjian et al. 2013). Thus, able managers are
less likely to be discouraged from investing in risky innova-
tion projects within the context of career concerns (Naray-
anan 1985). Additionally, a higher level of trust results in
lower financing costs, which facilitates investments in inno-
vation. By creating the best framework for research staff to
maximize their creative capacity, more capable managers
can influence innovative outcomes. Thus, skilled manag-
ers are more likely to be able to turn patented ideas into
commercially successful products. In this study, we use the
measure of managerial ability (MA score) developed by
Demerjian et al. (2012) to assess managerial ability (MB).

The productivity of a firm is positively correlated with
its profits (Foster et al. 2008; Chandra et al. 2016), size, and
growth (Balk 2001; Wagner 2002; Koellinger 2008; Harri-
son et al. 2013). Thus, firms with higher TFPs are more able
to bear the higher costs associated with green innovation. In
this study, we estimate TFP using the method proposed by
Levinsohn and Pertrin (2003) (TFP).

The theory of upper echelons suggests that managerial
short-termism will affect an organization’s strategy and
investment practices. Ridge et al. (2014) reported that tem-
poral myopia results in a focus on current strategies rather
than long-term strategies. A short-termism manager tends
to focus on short-term financial performance at the expense
of the enterprise’s long-term interests. Green innovation
involves long cycles and high risks (Holmstrom 1989).
Consequently, short-term-oriented managers reduce green
innovation capital expenditures. Following Liu (2022), we
use text analysis (Li 2010) and machine learning methods
(Mikolov et al. 2013) to construct the managerial short-ter-
mism index (Myopia).

Yin et al. (2022) suggested that older firms often have
well-established external relationships that provide access
to resources necessary to produce innovation (Withers et al.
2011). Knowledge and experience are also essential to a
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firm’s innovation (Cohen and Levinthal 1990; Sgrensen and
Stuart 2000). The experience and knowledge gained from
previous experiments can lead to innovation achievements
in the future (Miyazaki 1994; Withers et al. 2011). Conse-
quently, older firms are more likely to be involved in green
entrepreneurial activities because they have more experi-
ence and knowledge, which are essential to producing green
innovations. A firm’s age is determined by its years since
incorporation (Westman and Thorgren 2016; Huang and
Boateng 2013; Ke 2008). Following Huang and Li (2017),
firm age is assessed by the number of years from the firm’s
founding date.

Model specification

To test the effect of green finance on green innovation, we
build a difference-in-difference (DID) model:

Patent;, = ay+ ;T,XD; + X;, + 6, + @, + 1. + ¢, (1)

where Patent;, denotes firm i’s performance of green inno-
vation in year ¢. In line with the literature, we adopt the
number of green utility model patents to measure innova-
tion quantity and the number of green innovation patents
to measure innovation quality. In line with the literature,
green utility model patents are used as a measure of quantity,
and green innovation patents are used as a measure of qual-
ity. To remove right-skewed distributions of green patent
applications, we take the logarithm of 1 plus the number
of applications. The dummy variable T represents the time
period before and after the Guidelines were implemented.
During the period after implementation (2012 and later),
it is 1; prior to implementation (before 2012), it is 0. In
2012, the former China Banking Regulatory Commission
formulated the “Green Credit Guidelines” to guide green
credit policy implementation. Environmental and social
risks were clarified in the guidelines by the former CBRC.
We check whether A-share listed companies are in industries
with environmental and social risks of category A to deter-
mine whether they are green credit restricted. There are 9
industries in class A: nuclear power generation, hydropower
generation, water conservation, inland river port engineer-
ing and construction, coal mining and washing, oil and gas
mining, ferrous metal mining and dressing, nonferrous metal
mining and dressing, nonmetallic mining and dressing, and
other mining. If the company belongs to one of the above
9 industries, it is considered a green credit restricted indus-
try (treatment group) with D= 1; otherwise, it is considered
a nongreen credit restricted industry (control group) with
D =0. The interactive item “D X T indicates the impact
of green innovation in green credit-restricted industries
and nongreen credit-restricted industries before and after
the implementation of the Guidelines. If f, is significantly

greater than 0, it indicates that the Guidelines have signifi-
cantly promoted green innovation in industries restricted
by green credit; otherwise, it has no significant promoting
effect. X is the control variable vector including MB, cal-
culated by employing the two-step approach developed by
Demerjian et al. (2012); Size is calculated as the natural
logarithm of the employment number; ROA is calculated as
the ratio of net profit to total assets; leverage is calculated
by the ratio of total debt to total assets; TFP is calculated
by using the OP approach; myopia is calculated by the text
analysis approach. We winsorize processing by 1% on the
main continuous variable real quantities. 6; + @, + 7, 6;, @;,
n., and € are company fixed effects, year fixed effects, prov-
ince effects, and residual error, respectively. Company fixed
effects are used to capture differences between individuals
that do not vary over time and can be used to overcome the
problem of missing variables. Province-fixed effects absorb
time-invariant systematic differences in the intercity econ-
omy. Time-fixed effects exclude the shocks of the macro-
economic environment that all provinces faced, which might
have triggered the effect of the Green Credit Guidelines and
thus take the time-varying factors into account.

Prior to 2012, the time trend of green patent applications
of the treatment group and control group was basically
the same, but after 2012, the average applications of the
treatment group were significantly higher than those of the
control group (see Fig. 3). Therefore, we can preliminar-
ily determine that the Guidelines have a positive effect on
green patent applications, making the DID model suitable
for identifying causal effects. Furthermore, the double-dif-
ference method can help avoid endogeneity problems, such
as mutual causality.

Descriptive analysis

Table 1 presents the summary statistics for the main varia-
bles. The T-test result shows that there is a significant differ-
ence between the two groups, including management ability,
firm size, and profitability. For example, for the treatment
group, the mean firm size (Size) is 8.21, while it is 7.95 for
the control group. The 7-value is significant at the 1% level.

Empirical results
Baseline results

The green credit restriction industries included in the
treatment group are not picked at random. Hence, we
adopt the propensity score matching method (PSM)
(Caliendo and Kopeinig 2008) to match individuals in
the treatment and control groups as similar as possi-
ble to alleviate selection bias issues. The results of the
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Fig.3 Green innovation per-

formance of different industries @ —
before and after the implemen-

tation of the Guidelines. Data

source: Calculated by authors
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Table 1 Descriptive analysis Whole D=1 D=0 Totest
Obs Mean SD Mean SD Mean SD T-value
MB 2510 0.20 0.40 0.11 0.31 0.21 0.41 3.6618%**
Size 2510 7.97 1.20 8.21 1.50 7.95 1.16 3.0568%**
ROA 2510 0.04 0.04 0.04 0.04 0.04 0.04 1.7116%*
Leverage 2493 1.79 0.86 1.83 0.96 1.79 0.85 0.7133
TFP 2510 9.15 1.06 9.24 1.21 9.14 1.04 1.2928%*
Myopia 2510 0.11 0.09 0.13 0.09 0.11 0.09 4.1152%**
Age 2510 2.71 0.37 2.73 0.31 2.70 0.37 1.030

* % and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively

Table 2 Balance hypothesis Variables T-test

T P>l
MB -0.30 0.765
Size 0.14 0.885
ROA 0.06 0.952
Leverage 0.22 0.824
TFP 0.56 0.577
Myopia  —0.28 0.782
Age 0.48 0.631

This table presents the balance
hypothesis test results of pro-
pensity score matching

balance hypothesis tests are presented in Table 2 when
we conduct 1:1 nearest matching. The results show

@ Springer

that the differences in covariates after matching are all
insignificant.

Table 3 shows the results of the association between
green finance and green innovation by adopting DID
approaches. In column 1, after controlling for firm fixed
effects, year fixed effects, and province fixed effects, the
coefficient of the interactive term “D X T” is 0.4781,
which is significant at the 1% level. This indicates that
the Green Credit Guidelines enhance green innovation
patents. We further include other control variables and
rerun specification (1). The coefficient of the interactive
term “D X T” presented in column (2) is 0.4808, which
also passes the 1% level of significance. The robustness
results confirm that the Green Credit Guidelines play a
positive role in promoting green innovation. In terms of
green innovation quality, we replace the dependent vari-
able with the natural logarithm of green utility model
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Table 3 Baseline results

Ml M2 M3 M4
DxT 0.4781%**  (0.4808***  (0.1553 0.1631
(0.1260) (0.1237) (0.2336) (0.2345)
MB 0.2173 0.1689
(0.1586) (0.1206)
Size 0.2601%** 0.2079%*%*
(0.0781) (0.0470)
ROA 2.4800%** 2.3204%*%*
0.5801) (0.6992)
Leverage —0.0003 —0.0003
(0.0003) (0.0002)
TFP 0.2688** —-0.0794
(0.1145) (0.0868)
Myopia 0.6458%%:* —0.0547
(0.1909) (0.3808)
Age —0.9876 —-0.1169
(0.8399) (0.3000)
_Cons 0.9689***  —1.0793 0.6480***  —0.0241
(0.0389) (2.3480) (0.0230) (1.1457)
Company_FE  Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Province_FE Yes Yes Yes Yes
Observations 662 568 662 568
Adjust R? 0.5337 0.5319 0.5831 0.5850

This table reports the baseline results. The dependent variable is the
natural logarithm of 1 plus the number of green utility models in col-
umns | and 2. In columns 3 and 4, the dependent variable is the natu-
ral logarithm of 1 plus the number of green innovation patents. MB
represents managerial ability. Size is estimated by using the nature
logarithm of employees. ROA represents the profitability of the firm.
Leverage represents financial risk. TFP represents productivity cal-
culated by the OP approach. Myopia represents management’s short-
sightedness. Age represents the operating period of the company.
We winorize all continuous variables within the top and bottom 1%
of their distributions. The company, year, and province represent the
fixed effects for the company, time, and region, respectively. We clas-
sify industries according to the National Economic Industrial Classi-
fication (GB/T4754-2002). The standard errors in parentheses below
the coefficient estimates are calculated using robust standard errors
clustered at the firm level. *, **, and *** indicate statistical signifi-
cance at the 10%, 5%, and 1% levels, respectively. The period covered
is from 2007 to 2017

patents plus one. The results in column (3) show that the
coefficient of the interactive term “D X T is 0.1553, but
it does not pass the statistical significance test. Therefore,
the Green Credit Guidelines do not affect the quality of
green innovation. Taking other variables into account, we
rerun Formula 1 and obtain consistent results in column 4.

Our results show that the quantity of green innovation
has increased significantly in banned industries since the

implementation of the Green Credit Guidelines. However,
the quality of green innovation is not affected.

Parallel trend test

The validity of the DID approach depends on the parallel-
trend assumption. We test the parallel trend assumption in an
event study framework (e.g., Beck et al. 2010) by developing
the following specification:

Patent,;, = o + ﬁkZ;_P - timeyg o + ¥ X + @ + 1. + €5

@
where time as a dummy variable is equal to 1 when the year
is 2012 + k; otherwise, time is equal to 0. The definition of
the remaining variables is identical to that in Eq. (1).

The results in Fig. 4-A suggest that there is no change
in green innovation prior to the publication of the Green
Credit Guidelines and a significant change in green innova-
tion occurs only after the guidelines are published. In this
way, the treatment group and the control group would have
continued to follow the previous trend if the guidelines were
not published. Thus, Fig. 4-A demonstrates that it is the
Green Credit Guidelines that cause the difference in green
innovation.

According to the above discussion, there is no causal
effect of the guidelines on the quality of green innovation.
Figure 4-B confirms the result.

Placebo test

To keep the results robust, we conduct placebo tests of all
significant outcomes in Table 4. We assume that the publica-
tion of the Green Credit Guidelines occurred in 2011 rather
than in 2012. We reestimate Eq. (1). Table 4 shows that none
of the placebo test results is significant, thus proving the
robustness of the main results.

Possible channels

According to the previous research assumptions, we start
the analysis with management efficiency and investment
efficiency.

First, to test hypothesis H2a, we replace the explained
variable of green innovation with managerial efficiency
(MF), which is measured by employing the managerial
efficiency index developed by Qiu and Yu (2020). The
larger the value is, the lower the managerial efficiency.
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Fig.4 A Event study: testing a
the parallel trend assumption; B
event study: testing the parallel
trend assumption o |
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Second, to test hypothesis H2b, we replace the explained — Invt; = &, + a; + AInv;_, + 4,TQ;,
variable green innovation with investment efficiency
(IF).

Following Richardson (2006), we first use the following
steps to measure the expected investment:

+ A;Debt;,_; + A,LnAge;,_; 3)

+ AsCash;,_; + Aga;,_, + A;Eps;,_, +€;,
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Table 4 Placebo test

Table 5 Possible channels

M1 M2 M3 M4 Ml M2 M3 M4
DxT —0.2189%*  —0.1838*% —0.0132 —0.0222 DxT —0.8806%** —1.1958***  (.5727*%* (.3913%**
(0.0860) (0.1082) (0.0683) (0.0690) (0.3564) (0.3667) (0.1717)  (0.1026)
MB 0.0665 0.0734 MB 3.3154%** 2.3847%**
(0.0770) (0.1032) (0.8627) (0.5883)
Size 0.1375%* 0.0810%* Size 1.2796%** 0.9019%**
(0.0633) (0.0366) (0.2482) (0.1457)
ROA 4.0028%** —0.0388 ROA 7.5900%* 2.8879
(1.0626) (0.5300) (3.2044) (1.9824)
Leverage —0.0000 —0.0000* Leverage 0.0004 %3 0.0002%**
(0.0000) (0.0000) (0.0001) (0.0001)
TFP 0.3608%*3* 0.544 3% TFP 1.1946%** 0.6409%**
(0.1148) (0.0478) (0.1899) (0.1009)
Myopia 0.0706 —0.1002 Myopia —3.0749 —1.1557
(0.2209) (0.1099) (4.2534) (1.8765)
Age —1.5851 0.5138 Age 1.5398%#:* 0.7554%*
(2.5774) (0.3152) (0.4589) (0.3071)
_Cons 0.4302%** 27714 0.2646%**  —2,1143%%* _Cons 2.3220%** —24.6855%** 1.2835%%* —14.9087%**
(0.0040) (6.0939) (0.0031) (0.8895) (0.2066) (3.7130) (0.1207)  (2.5657)
Company Yes Yes Yes Yes Company Yes Yes Yes Yes
Year Yes Yes Yes Yes Year Yes Yes Yes Yes
Province Yes Yes Yes Yes Province Yes Yes Yes Yes
Observations 362 368 362 368 N 662 568 662 568
Adjust R? 0.5258 0.4949 0.6253 0.6012 Adjust R> 0.5258 0.4949 0.6253 0.6012

This table presents the placebo test results. The dependent variable
is the natural logarithm of 1 plus the number of green utility models
in columns 1 and 2. In columns 3 and 4, the dependent variable is
the natural logarithm of 1 plus the number of green innovation pat-
ents. MB represents managerial ability. Size is estimated by using
the nature logarithm of employees. ROA represents the profitability
of the firm. Leverage represents financial risk. TFP represents pro-
ductivity calculated by the OP approach. Myopia represents man-
agement’s shortsightedness. Age represents the operating period of
the company. We winorize all continuous variables within the top
and bottom 1% of their distributions. The company, year, and prov-
ince represent the fixed effects for the company, time, and region,
respectively. We classify industries according to the National Eco-
nomic Industrial Classification (GB/T4754-2002). The standard
errors in parentheses below the coefficient estimates are calculated
using robust standard errors clustered at the firm level. *, **, and ***
indicate statistical significance at the 10%, 5%, and 1% levels, respec-
tively. The period covered is from 2007 to 2011

Second, we calculate the expected investment expenditure
of companies based on Eq. (3). Finally, we obtain the residual
error, which equates to the difference between actual invest-
ment expenditure minus expected investment expenditure. The
larger the absolute value of the residual error is, the lower the
investment efficiency.

In columns (1) and (2) of Table 5, coefficients of the interac-
tive term “D X T” are significantly negative at the significance
level of 1%, indicating that after the publication of the Green
Credit Guidelines, green management efficiency is significantly

This table presents the possible channels. The dependent variable
is the management efficiency in columns 1 and 2. In columns 3 and
4, the dependent variable is investment efficiency. MB represents
managerial ability. Size is estimated by using the nature logarithm
of employees. ROA represents the profitability of the firm. Leverage
represents financial risk. TFP represents productivity calculated by
the OP approach. Myopia represents management’s shortsightedness.
Age represents the operating period of the company. We winorize all
continuous variables within the top and bottom 1% of their distribu-
tions. The company, year, and province represent the fixed effects for
the company, time, and region, respectively. We classify industries
according to the National Economic Industrial Classification (GB/
T4754-2002). The standard errors in parentheses below the coeffi-
cient estimates are calculated using robust standard errors clustered
at the firm level. *, **, and *** indicate statistical significance at the
10%, 5%, and 1% levels, respectively. The period covered is from
2007 to 2017

enhanced. In columns (3) and (4), the coefficients of the interac-
tive term “D X T” are significantly positive at the significance
level of 1%, which indicates that the implementation of the Green
Credit Guidelines significantly improved investment efficiency.

Robustness tests
First, considering the left-truncated characteristics of

patent data, we adopt double Tobit regression to per-
form a robustness test. The results are listed in columns
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(1) to (2). In column (1), the dependent variable is the
quantity of green patents, and the coefficient of D X T
is positive and significant at the 1% significance level.
However, the coefficient of D X T is not significant when
the dependent variable is the quality of green patents.
This is consistent with the regression results in Table 2.

Second, according to the “Key Evaluation Indicators
of Green Credit Implementation,” in addition to category

Table 6 Robustness tests

Tobit Sample reconstruct
M1 M2 M2 M4
DxT 0.4405%** 0.5523 0.5663***  —0.0196
(0.1645) (0.3844) (0.1165) (0.1606)
MB 0.934 1% 0.6240% % 0.2181 0.1681
(0.2128) (0.1436) (0.1587) (0.1207)
Size 0.5477%** 0.3804%** 0.2561#*%  0.2074%***
(0.0830) (0.0525) (0.0782) (0.0468)
ROA 3.4646%** 0.3222 2.4593 1.3062*
(1.2367) (0.7209) (1.5807) (0.6983)
Leverage 0.0000 —0.0000 —0.0003  —0.0003
(0.0001) (0.0000) (0.0003) (0.0002)
TFP 0.6425%%#%* 0.3338*** 0.2687**  —0.0789
(0.0730) (0.0510) (0.1145) (0.0866)
Myopia —1.7983 —1.3968**  0.6380 —0.0552
(1.1112) (0.5424) (0.4908) (0.3801)
Age 0.1540 0.0763 -0.9854 —-0.1261
(0.1576) (0.0916) (0.8397) (0.3003)
_Cons —9.6546%**%  —55254*** —1.0353 0.0076
(1.3063) (0.9174) (2.3451) (1.1492)
Company Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province Yes Yes Yes Yes
Observations 662 568 662 662
Adjust R? 0.5320 0.5849

This table presents the average effects of the “Green Credit Guide-
lines” on green innovation. The dependent variable is the natural
logarithm of 1 plus the number of green utility models in columns
1 and 2. In columns 3 and 4, the dependent variable is the natural
logarithm of 1 plus the number of green innovation patents. MB
represents managerial ability. Size is estimated by using the nature
logarithm of employees. ROA represents the profitability of the
firm. Leverage represents financial risk. TFP represents produc-
tivity calculated by the OP approach. Myopia represents manage-
ment’s shortsightedness. Age represents the operating period of
the company. We winorize all continuous variables within the top
and bottom 1% of their distributions. The company, year, and prov-
ince represent the fixed effects for the company, time, and region,
respectively. We classify industries according to the National Eco-
nomic Industrial Classification (GB/T4754-2002). The standard
errors in parentheses below the coefficient estimates are calculated
using robust standard errors clustered at the firm level. *, *% %%
indicate statistical significance at the 10%, 5%, and 1% levels,
respectively. The period covered is from 2007 to 2017
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A, category B, including construction, production, and
business activities, has adverse environmental and social
consequences. Category B customers with insufficient
mitigation measures for environmental and social risks
are still included in the list of significant environmental
and social risks. Therefore, we expand the scope of green
credit-restricted industries to 34 industries. Columns (3)
and (4) of Table 6 report the empirical results. The coef-
ficients of D X T confirm the robustness results.

Further analysis

High management short-termism vs. low
management short-termism

With reference to Francois Brochet et al (2015a, b), we
use a text analysis approach to calculate the management
short-termism indicator. We divide the sample into two
subsamples: higher short-termism (> median) and lower
short-termism (< median). Table 7 shows the results.
Panel A of Table 7 displays the impact of the Green Credit
Guidelines on green innovation for companies with lower
short-termism. The coefficients of D X T in columns (1)
to (4) are all significantly positive, at least at the 5% level.
The results show that the impact of the Guidelines on the
quantity and quality of green innovation are both signifi-
cantly positive.

Panel B of Table 7 displays the impact of the Green
Credit Guidelines on green innovation for companies
with higher short-termism. The coefficients of D X T in
columns (1) and (2) are all significantly positive, at least
at the 1% level. However, the coefficients of D X T in
columns (3) and (4) are all significantly negative, at least
at the 1% level. The results show that the impact of the
Green Credit Guidelines on the quantity of green inno-
vation is significantly positive. However, the impact on
the quality of green innovation is significantly negative.

Weak environmental regulation vs. strong
environmental regulation

To the best of our knowledge, the effectiveness of the guidelines
requires the support of environmental laws and regulations. In
other words, the strengthening of environmental regulation can
effectively improve the resource allocation efficiency of green
credit (Yang et al. 2022). For example, “incorporating resource
consumption, environmental damage, and ecological benefits
into the economic and social development evaluation system”
can significantly increase local government’s support for the
green economy, improve environmental protection law enforce-
ment, and strengthen environmental protection interviews. From
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Table 7 The role of managerial short-termism
Ml M2 M3 M4
Panel A Lower managerial short termism (< median)
DxT 0.4002%33* 0.4152%*% 0.4437%* 0.4398%*
(0.1267) (0.1274) (0.1769) (0.1779)
_Cons 0.5753%** —2.7284%* 0.4506%** —2.4967%%*
(0.0315) (1.6098) (0.0204) (0.8432)
Control Yes Yes Yes Yes
Company Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province Yes Yes Yes Yes
Observations 662 568 662 568
Adjust R? 0.6440 0.6442 0.6317 0.6319
Panel B Higher managerial short termism (> median)
DxT 1.3226%** 1.2992%*3* —0.1703%** —0.1580%**
(0.1609) (0.1678) (0.1454) (0.1536)
Control Yes Yes Yes Yes
Company Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province Yes Yes Yes Yes
Control Yes Yes Yes Yes
Observations 662 568 662 568
Adjust R? 0.4813 0.4826 0.5947 0.5947

This table presents the average effects of the “green credit guidelines” on green innovation. The dependent variable is the natural logarithm of
1 plus the number of green utility models in columns 1 and 2. In columns 3 and 4, the dependent variable is the natural logarithm of 1 plus the
number of green innovation patents. MB represents managerial ability. Size is estimated by using the nature logarithm of employees. ROA rep-
resents the profitability of the firm. Leverage represents financial risk. TFP represents productivity calculated by the OP approach. Myopia rep-
resents management’s shortsightedness. Age represents the operating period of the company. We winorize all continuous variables within the top
and bottom 1% of their distributions. The company, year, and province represent the fixed effects for the company, time, and region, respectively.
We classify industries according to the National Economic Industrial Classification (GB/T4754-2002). The standard errors in parentheses below
the coefficient estimates are calculated using robust standard errors clustered at the firm level. *, **, and *** indicate statistical significance at
the 10%, 5%, and 1% levels, respectively. The period covered is from 2007 to 2017

the actual effect of pollution prevention and control, strict envi-
ronmental regulation drives good performance.

Panel A of Table 8 displays the impact of the Green Credit
Guidelines on green innovation for companies with stronger
environmental regulations. The coefficients of D X T in col-
umns (1) and (2) are all significantly positive, at least at the 1%
level. However, the coefficients of D X T in columns (3) and (4)
are all significantly negative, at least at the 1% level. The results
show that the impact of the Green Credit Guidelines on the
quantity of green innovation is significantly positive. However,
the impact on the quality of green innovation is insignificantly
negative. Panel B of Table 8 displays the impact of the Green
Credit Guidelines on green innovation for companies with
weaker environmental regulations. The coefficients of D X T
in columns (1) to (4) are all insignificantly negative.

The economic effect of promoting green innovation

In this section, we further document whether the upgrading of
green innovation generates an economic effect. We employ CSR

performance and Es indicators to represent the environmental
and social performance of a company. Specifically, the CSR indi-
cator is measured by CSR performance data from the Rankins
CSR Ratings (RKS) database, which covers overall environmen-
tal management information, pollution information, mitigation,
and adaptation to climate change. Therefore, the CSR score better
reflects the environmental and social performance of enterprises.
The second variable, Es is environmental protection
rewards, referring to the practice of Klassen and McLaugh-
lin (1996). We consider whether the company has obtained
environmental recognition for measurement; that is, if the
company has obtained environmental recognition or other
positive evaluations, the value is 1; otherwise, it is O.
Table 9 reports the results. In columns (1) and (2), the coef-
ficients of D x T are all significantly positive at the 1% level,
indicating that the green innovation induced by the Guidelines
significantly improved CSR performance. In columns (3) and (4),
the coefficients of D X T are all significantly positive at the 1%
level, indicating that the green innovation induced by the Guide-
lines significantly improved environmental protection rewards.
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Table 8 The role of environment regulation

Table 9 The economic effect of promoting green innovation

Ml M2 M3 M4
Panel A Stronger the environmental regulation (> median)
DxT 0.6357* 0.7673%* —0.0400 0.0674

(0.3345) (0.3573) (0.3179) (0.3302)
Control No Yes No Yes
Company Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province No Yes No Yes
Observations 662 568 662 568
Adjust R? 0.4837 0.4840 0.5739 0.5717
Panel B Weaker the environmental regulation (< median)
DxT —0.2703 -0.2776 —0.2819 —0.2544

(0.2342) (0.2347) (0.1751) (0.1593)
Control No Yes No Yes
Company Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province No Yes No Yes
Observations 662 568 662 568
Adjust R? 0.4517 0.4514 0.6349 0.6367

This table presents the average effects of the “green credit guidelines”
on green innovation. The dependent variable is the natural logarithm
of 1 plus the number of green utility models in columns 1 and 2. In
columns 3 and 4, the dependent variable is the natural logarithm of
1 plus the number of green innovation patents. MB represents man-
agerial ability. Size is estimated by using the nature logarithm of
employees. ROA represents the profitability of the firm. Leverage
represents financial risk. TFP represents productivity calculated by
the OP approach. Myopia represents management’s shortsightedness.
Age represents the operating period of the company. We winorize all
continuous variables within the top and bottom 1% of their distribu-
tions. The company, year, and province represent the fixed effects for
the company, time, and region, respectively. We classify industries
according to the National Economic Industrial Classification (GB/
T4754-2002). The standard errors in parentheses below the coeffi-
cient estimates are calculated using robust standard errors clustered
at the firm level. *, **, and *** indicate statistical significance at the
10%, 5%, and 1% levels, respectively. The period covered is from
2007 to 2017

Conclusions and policy implications
Conclusions

In accordance with finance theories, financial tools are neces-
sary to achieve the goal of carbon peaking and carbon neutrali-
zation. There have been a number of green finance policies and
green innovation regulations issued by the Chinese government.
However, few studies combine green finance and green innova-
tion effectively. This paper analyzes the effect of green finance
on green innovation using data from listed companies in China
from 2007 to 2017. Based on the baseline and a series of robust-
ness tests, the following conclusions can be drawn.

First, the green credit restriction industry in the Guide-
lines performs better in terms of green innovation. After the
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CSR Es
M1 M2 M3 M4
DxT 0.3016%***  (0.3121*** (0.5183***  (0.6069%**
(0.0164) (0.0162) (0.1569) (0.1478)
_Cons 3.6056%**  3.6376%*F*  14.7067*F**  §.3028%**
(0.0023) (0.1282) (0.0191) (1.2312)
Control No Yes No Yes
Company Yes Yes Yes Yes
Year Yes Yes Yes Yes
Province Yes Yes Yes Yes
Observations 662 567 662 567
Adjust R? 0.8033 0.8036 0.8242 0.8275

This table presents the average effects of the “green credit guidelines”
on green innovation. The dependent variable is the natural logarithm
of 1 plus the number of green utility models in columns 1 and 2. In
columns 3 and 4, the dependent variable is the natural logarithm of
1 plus the number of green innovation patents. MB represents man-
agerial ability. Size is estimated by using the nature logarithm of
employees. ROA represents the profitability of the firm. Leverage
represents financial risk. TFP represents productivity calculated by
the OP approach. Myopia represents management’s shortsightedness.
Age represents the operating period of the company. We winorize all
continuous variables within the top and bottom 1% of their distribu-
tions. The company, year, and province represent the fixed effects for
the company, time, and region, respectively. We classify industries
according to the National Economic Industrial Classification (GB/
T4754-2002). The standard errors in parentheses below the coeffi-
cient estimates are calculated using robust standard errors clustered
at the firm level. *, ** and *** indicate statistical significance at the
10%, 5%, and 1% levels, respectively. The period covered is from
2007 to 2017

Guidelines are implemented, improving management efficiency
and investment efficiency are the primary paths to promoting
green innovation in enterprises. However, the Guidelines do
not truly make a difference in the quality of green innovation.

Second, we also find that managerial short-termism has
a moderating effect on the relation between green finance
and green innovation. This shows that the innovation-drive
effect of green finance is stronger for firms with lower
managerial short-termism. In addition, environmental
regulation plays a moderating role in the relation between
the two. This indicates a positive correlation between the
two in areas where environmental regulation is strong.

Third, the implementation of the Guidelines enhanced the
environmental and social performance of enterprises. In addi-
tion to enhancing green innovation, it also increased enter-
prises’ environmental and social performance.

Policy implications

According to the above conclusions, we propose the follow-
ing policy implications:
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First, the implementation of the Green Credit Guidelines
should be strengthened. In the implementation process, green
projects are identified rather than business types. Enterprises
that pollute and invest in the environment should be given spe-
cial attention. They should be provided with financial support to
facilitate the completion of green transformation.

In addition, the guiding effect of green credit policy should
be more relevant to enterprise heterogeneity. Government poli-
cies should be flexible and dynamic to account for firm charac-
teristics. The government should optimize financial resources
based not only on previous environmental performance but
also on management efficiency and investment efficiency. In
addition to maximizing first-tier city environmental govern-
ance capacity, non-first-tier cities should improve their policy
sensitivity to green credit, unblock the financial system’s policy
transmission, and stimulate enterprises’ enthusiasm for green
initiatives. Higher agency costs should be given more attention
by the government.

Finally, green credit policies benefit enterprises by fostering
innovation in green technologies. By strengthening the criteria
for green governance in the assessment standards of managers,
improving the efficiency of green credit funds, and mobilizing
the enthusiasm of stakeholders to oversee the decision-making
process for the environmental protection of enterprises, we are
able to improve green innovation among enterprises.

Limitations

In comparison with R&D and TFP, patents are the most
reliable indicator of green innovation. Patents, however,
cover only patentable and patented inventions. For exam-
ple, updating pollution-producing equipment and pro-
cesses can also contribute to green innovation but cannot
be quantified by green patents. Due to the lack of spe-
cific data on enterprise factories, green patents can only
be used to measure green innovation (Zhu et al. 2019).
We hope to develop indicators for measuring green inno-
vation more accurately in the future.

Second, the sample period includes major Olympic
events from Beijing. Olympic events may have some
impact on this paper’s results, but due to technical rea-
sons, they cannot be included. The Olympic Games can
only be excluded if some samples are deleted from the
robustness test. It is hoped that a specific model can be
built in the future to exclude Olympic impacts.
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