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In the carbon neutrality strategy, facilitating the green innovation of enterprises and
promoting industrial upgradation have become a key issue. We explore the
relationship between the financial ecological environment, financing constraints, and
green innovation of manufacturing enterprises based on endogenous growth and
stakeholder theories. Manufacturing companies listed on Shanghai Stock Exchange
and Shenzhen Stock Exchange during 2010–2020 are taken as samples. With the
help of principal component analysis, a comprehensive index of the annual financial
ecological environment is constructed. The SA index is employed to measure the
financing constraints of firms, and the number of granted green patents is used to
measure the green innovation of manufacturing enterprises. We conclude that the
green innovation of manufacturing enterprises will relax their financing constraints. The
financial ecological environment positively moderates the relationship between green
innovation and corporate financing constraints. An excellent financial ecological
environment enhances the mitigation effect of green innovation of manufacturing
enterprises on their financing constraints. Policy implications are given according to the
conclusion.
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1 INTRODUCTION

Since the government proposed “promoting green, circular, and low-carbon development” and
“create a beautiful China” in 2017, China’s ecological civilization construction has become an
important strategic goal. The close combination of technological innovation, the key driving
force of economic growth, green development, and the active implementation of green
innovation (GI), can help China break the trade-off between economic growth and
environmental protection (Li and Xiao, 2020). The manufacturing industry is the mainstay
industry of China’s economy. On the one hand, it is an essential vehicle for creating social and
economic wealth. On the other hand, it consumes natural resources. Therefore, the
manufacturing industry is the key to coordinating economic development and
environmental protection. Consequently, promoting GI in manufacturing enterprises has
become a high-profile issue.
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Currently, China’s economy is transforming the development
mode, improving the industrial structure, and switching the
driving force of growth. GI carried out by enterprises is vital
to China’s high-quality economic development. However, GI
may encounter more serious financing constraints than
normal innovation as GI is at more expense with higher risk
and greater uncertainty and dual externalities of the economy and
environment. The manufacturing industry is the pillar of China’s
real economy, and green upgradation is essential to sustainable
development. In 2021, the value added of the manufacturing
industry accounted for 27.4% of China’s GDP. Chinese
manufacturing enterprises face trade barriers, such as green,
carbon tariffs, and technology barriers, in the international
market. However, they suffer severe overcapacity caused by
upgrading domestic consumption. Therefore, they must follow
the Chinese government’s policy of supply-side structural reform,
implement a GI development strategy, improve the product
supply structure, and transform and upgrade. It is of great
practical significance to investigate the relationship between
financing constraints and the GI of manufacturing enterprises
in China. The financial ecological environment is an essential
factor affecting the financing constraints of the enterprises. An
excellent financial ecological environment can change the
resource allocation, channel funds to enter green and low-
carbon industries, alleviate the financing constraints of
enterprises, and help the GI.

The important factors influencing the GI of firms have been
studied in multiple dimensions, providing a solid theoretical
basis for the GI-transforming and -upgrading firms. But the
literature pays little attention to the impact of GI on financing
constraints. Consequently, the listed companies in the
manufacturing industry in the Chinese stock market are
taken as a sample. The principal component analysis
method is used to build a comprehensive index to measure
the annual financial ecological environment to describe the
internal and external economic factors of manufacturing
firms, with the number of granted green patents as the
proxy for GI. The SA index is employed to measure the
financing constraints of the firms. The relationship between
GI and financing constraints of the manufacturing enterprises
and the moderating effect of the financial ecological
environment are further analyzed.

The rest of the article is organized as follows. Section 2
provides a literature review and puts forward the research
hypotheses. Section 3 introduces the research design, and
Section 4 presents the empirical analysis. Section 5 provides
the conclusion and policy implications.

2 LITERATURE REVIEW AND RESEARCH
HYPOTHESES

This study is mainly related to three topics: financial ecological
environment, the relationship between GI and financing
constraints, and the relationship between financial ecological
environment, GI, and financing constraints. The literature
review and corresponding hypotheses are as follows.

2.1 Financial Ecological Environment
The effective operation and development of financial
organizations are inseparable from the macro-factor of the
financial ecological environment. Bai (2001) defined the
financial ecological environment as the development,
utilization, and efficiency of financial resources and declared
that the sustainable development of finance must be based on
the sustainability of the financial ecological environment. Based
on the concept of ecosystem, coined by the British ecologist
Tansley (1935), Zhou (2004) proposed the concept of a financial
ecological environment and applied it to China’s financial system.
The financial ecological environment refers to some primary
conditions of financial operation, including the legal and
institutional environment, the market order, and the modern
corporate system. Xu (2005) elucidated that financial ecology is
the generalization of ecology in finance, using the ecological
methods to study the financial system. The financial ecological
environment can be divided into hard and soft environments.
The soft environment depends on the hard environment, and the
core of the hard environment is the legal regime. Lin (2005) used
the system theory approach to analyze the relationship between
subsystems in the financial ecosystem. Han and Lei (2008)
studied the relationship between the changes in China’s
financial ecological environment and the development of
financial agents. Improving the financial ecological
environment can significantly promote the development of
financial agents. Wan and Rao (2008) analyzed the excessive
bank borrowing of listed firms from the perspective of financial
ecology. They found that excessive bank borrowing is due to
internal factors and external financial ecological environments.
He (2011) compared the common financial ecological
environment assessment methods, such as normal
standardization, expert method, standard deviation weighting,
factor analysis, analytic hierarchy process, and fuzzy
comprehensive evaluation. Deng and Chen (2014) constructed
the evaluation indicator system of the regional financial ecology
for China.Wang and Feng (2015) assessed the financial ecological
environment in various regions of China from the four
dimensions, government governance, economic foundation,
financial development, and institutional and cultural
construction. Zhou and Xiu (2017) examined the impact of
the financial ecological environment and debt governance on
the capacity utilization of listed companies in manufacturing
industries in China. Grafe and Mieg (2019) combined financial
ecology, as an analytical tool, with infrastructure, as a perspective
and set up a conceptual model in the context of the U.K.
Municipal Bonds Agency to understand the impacts of
financialization on cities. It concludes by outlining some of the
spatial effects of the UK’s changing financial ecology of urban
infrastructure. Zhong et al. (2020) explored the poverty
alleviation effect of the regional financial ecological
environment in the case of Yunnan, China. Sun et al. (2021)
put together five groups or subgroups to evaluate the quality of
institutions, consistent with the excellent degree of the financial
ecological environment. These groups are government size, the
legal system with property rights, sound money, freedom to trade
internationally, and credit, labor, and business regulations. The
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spatial spillover effects of institutional quality on energy
efficiency, an important aspect of GI, are studied. Li and Chen
(2021) built a dynamic model of the financial ecosystem based on
the three dimensions of financial ecosystem: actors, environment,
and regulation and conducted early warning research.

2.2 Green Innovation and Financing
Constraints
Green innovation is also known as eco-innovation,
environmental innovation, or sustainable innovation. GI has
three aspects: green products, green processes, and green
management innovations (Huang et al., 2015). Fussler and
James (1996) proposed the initial concept of eco-innovation
and defined it as evolving new processes and products that
offer business and customer value by reducing environmental
hazards. Rennings (2000) introduced the term eco-innovation
and described it as developing new ideas, products, services,
processes, and management systems. Subsequently, the
concept of GI keeps developing and extending. Schiederig
et al. (2012) argued that GI is sustainable innovation and is
often associated with the concepts of externality, sustainable
development, and environmental problems. Driessen et al.
(2013) advocated that GI has the characteristics of externality,
reducing environmental pressure, and having ecological benefits.
Ghisetti and Rennings, 2014 adopted the definition that
environmental innovation is the production, assimilation, or
exploitation of a product; production process; service; or
management or business methods novel to the firm or
organization. This reduces environmental risk, pollution, and
other negative impacts of resource use throughout its life cycle
(including energy use) compared to relevant alternatives. Wu
(2019) asserted that GI combines “green” from the perspective of
social responsibility and “innovation” from the perspective of
economic development. It can solve environmental problems and
improve competitiveness by reducing production costs and
differentiating management.

Fazzari et al.’s (1988) research is a classic study on corporate
financing constraints. There are two approaches to measuring the
financing constraints of firms, cash flow sensitivity, and financing
constraint index. Fazzari et al. (1988) claimed that enterprises are
accompanied by high cash flow sensitivity of investment when
facing severe financing constraints. However, Almeida et al.
(2004) implied that companies with financing constraints save
or hold most of their cash flow when better investment
opportunities are expected. Commonly used financing
constraint indexes include the KW index (Kaplan and Luigi,
1997), WW index (Whited and Wu 2006), and SA index
(Hadlock and Pierce 2010). As the first two indexes involve
many endogenous variables and have obvious defects, Hadlock
and Pierce (2010) divided the enterprise financing constraints
into five levels. They then introduced two exogenous variables,
firm size, and age, to construct the SA index. Therefore, the SA
index involves fewer endogenous variables and is more robust,
accurate, and easy to calculate.

The study of financing constraints from financial development
has drawn more attention. For example, Love (2003) showed that

firms usually experience tighter financing constraints in countries
where finance is less developed. Likewise, Khurana et al. (2006)
found that the financial markets in less developed economies
force enterprises to obtain funds from internal financing to avoid
the high cost of external funding.

Most existing studies on the relationship between GI and
financing constraints mainly investigate the impact of financing
constraints on GI. For instance, Aghion et al. (2009) showed that
GI activities, such as green inventions and patents, are more likely
to be replaced by other investment activities when firms are
subjected to financing constraints. In addition, Ye (2021)
analyzed the impact of financing constraints on GI and the
moderating effect of government subsidies on this impact.
However, there is little literature on the impact of GI on
financing constraints. Therefore, this study examines the
relationship between GI and financing constraints of the
manufacturing enterprises from the perspective of the impact
of GI on financing constraints.

The endogenous growth theory advocates that technological
innovation is the key to ensuring sustainable economic growth,
and for the manufacturing enterprises, GI is an important source
of sustainable development. Therefore, GI will inevitably be
encouraged by government subsidies. However, it will also be
favored by investors, helping broaden the financing channels of
the enterprises. Moreover, China’s financial system is bank-
centered, and bank lending covers most corporate external
funding. Therefore, the strategies of sustainable development
and environmental protection formulated by enterprises have
increasingly become the banks’ focus, and the GI of enterprises
will also be supported by the banks’ green loans. Hence, the first
hypothesis is as follows.

H1: Green innovation helps relax the financing constraints of
the manufacturing firms.

2.3 Financial Ecological Environment, Green
Innovation, and Financing Constraints
The stakeholder theory claims that firms may benefit from GI.
Through GI, firms will likely get a better social reputation, more
significant market share, favorable consumer feedback, and
government policy support. Many studies have discussed the
economic consequences of GI in the literature. The studies of the
financial implications of GI involve three issues. First is the
impact of GI on environmental performance. For example,
Küçükoğlu and Pınar (2015) stated that GI activities have a
significant effect on a company’s environmental performance
and competitive advantage. Qi et al. (2018) highlighted that GI is
the key to achieving enterprise competitiveness and
environmental protection, and the enterprises undertaking GI
get government support. Second is the impact of GI on economic
performance. Jiang et al. (2018) indicated that green
entrepreneurial orientation positively influences environmental
and financial performances. Similarly, Tang et al. (2018) found
that green process innovation and product innovation can
significantly and positively affect enterprise financial
performance. Third is the impact of GI on employment and
society. For example, Kunapatarawong et al. (2016) argued that
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companies that engage in GI have a relatively large number of
employments. This phenomenon is more significant in
companies that voluntarily carry out GI. In addition, Fang and
Na (2020) found that GI helps enterprises establish a good social
image of the fulfilling social responsibilities.

Thus, there is almost no literature on the moderating effect of
the financial ecological environment on the relationship between
GI and financing constraints of the manufacturing firms. GI of
firms is conducive to environmental protection and sustainable
development. Furthermore, an excellent financial ecological
environment will strengthen the mitigation effect of GI on
firms’ financing constraints. However, the contradiction
between the huge investment in innovation activities and the
uncertainty of output exerts tight external financing constraints
on firms. External fund providers cannot fully grasp the real
information of the internal R&D activities, resulting in
information asymmetry between internal managers and
external fund providers. In an excellent financial ecological
environment, financial intermediaries can obtain relevant
internal information through specific channels and transmit
the GI information of manufacturing enterprises to the
financial market. This alleviates the problem of information
asymmetry and helps enterprises obtain external funding.
Therefore, for manufacturing enterprises, a good financial
ecological environment enhances GI and weakens the degree
of financing constraints. Then, the second hypothesis is proposed
as follows.

H2: For manufacturing enterprises, the financial ecological
environment positively moderates the relationship between GI
and financing constraints. A good financial ecological

environment enhances the mitigation effect of GI on the
financing constraints of manufacturing enterprises.

3 RESEARCH DESIGN

3.1 Sample and Data
Manufacturing enterprises listed on Shanghai Stock Exchange
and Shenzhen Stock Exchange are selected as samples. The
sample period is 2010–2020. The selection follows two
principles. First, companies with missing data are eliminated
to ensure data reliability. Second, companies with ST, *ST, and PT
are deleted. The number of listed companies in the
manufacturing industry is 1045. All the continuous variable
data are processed with winsorization at 1% and 99%
quantiles to avoid the influence of outliers. Panel data
regression models are adopted in this study.

3.2 Variables
3.2.1 Financial Ecological Environment
Following Hao et al. (2020), we used the principal component
analysis to extract features of the indicators about firms or
provinces where firms are located and constructed the
financial ecological environment index denoted by FE. Table 1
shows the indicators.

3.2.2 Green Innovation
Liu and Wang (2021) claimed that patents show the quality of
innovation. Similarly, green patents reveal the quality of GI.
Therefore, we use the number of granted green patents to

TABLE 1 | Indicators used to construct the financial ecological environment index.

Dimension Financial ecological environment
indicators

External financial ecological environment (provincial level) GDP per capita
GDP growth rate
Value added of financial industry/GDP
Government expenditure on environmental protection/total government expenditure

Internal financial ecological environment (firm level) Liquidity ratio
Interest coverage ratio
Return on assets
Turnover ratio of total assets
Size

TABLE 2 | Control variables.

Variable Notations Definitions

Intensity of R&D RD R&D expenditure/revenue
Enterprise scale Scale Natural logarithm of revenue
Age of firms Age Years of business operation
Growth rate of revenue Growth Revenue increase of current year/revenue of last year
Asset liability ratio Lev Debt level of firms
Return on assets ROA Profitability of firms
Tobin’s Q TobinQ Market value of firms
Book-to-market ratio BM Investment value of firms
Time Year Dummy variable
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measure the GI of enterprises. Specifically, the number of GIs and
utility models held by listed companies in the manufacturing
industry is used as the number of green patents to measure GI.

3.2.3 Financing Constraints
We use the SA index (Hadlock and Pierce 2010) to measure the
financing constraints of firms, denoted by FC. The greater the SA
index, the tighter the firm’s financing constraints. In addition, the
WW index (Whited and Wu 2006) is used to conduct a
robustness check. The calculation for financing constraints is
as follows:

SA � ∣
∣
∣
∣ − 0.737psize + 0.043psize2 − 0.04pAge

∣
∣
∣
∣, (1)

where size is the natural logarithm of a firm’s total assets and Age
is the age of a firm. FC is the dependent variable in the regression
models.

3.2.4 Control Variables
In addition, other factors, such as the control variables, might
affect the dependent variable. The definitions and notations of the
control variables are listed in Table 2.

3.3 Models
To test H1, we build a panel data regression model M1 with year
fixed effect.

FC � α0 + α1GI + α2RD + α3Scale + α4Age + α5Growth + α6Lev

+ α7ROA + α8TobinQ + α9BM + α10year + μ,

(2)

where α0 is the intercept, αi (i � 1, 2,/, 10) is the coefficient, and
μ is the stochastic error term.

To test H2, we build a panel data regression model M2 with
year fixed effect.

FC � β0 + β1GI + β2FE + β3GIpFE + β4RD + β5Scale + β6Age

+ β7Growth + β8Lev + β9ROA + β10TobinQ + β11BM

+ β12year + ε,

(3)
where β0 is the intercept, βi (i � 1, 2,/, 12) is the coefficient, and
ε is the stochastic error term.

4 EMPIRICAL ANALYSIS

We employ the panel data of 1,045 listed companies in China’s
manufacturing industry for 2010–2020 in the regression analyses
of M1 andM2. Furthermore, when studying the moderating effect
of the financial ecological environment, we decentralize the GI
and financial ecological environment before multiplying the GI
and FE to alleviate the possible multicollinearity of the model due
to the continuity of the data.

4.1 Descriptive Statistics
Table 3 shows the descriptive statistics after winsorization.
Table 3 indicates that the maximum GI is 4.2767, the
minimum GI is 0, the average GI is 0.6524, and the standard
deviation of GI is 1.0013. This means that the number of granted
green patents owned by the manufacturing companies listed in
China’s stock market varies greatly. Therefore, the maximum
financial ecological environment index FE is 4.5294, the
minimum FE is -2.8283, the mean of FE is -0.0038, and the
standard deviation of FE is 1.4817. Furthermore, this implies that
the financial ecological environment for the various listed
companies in the manufacturing industry is diversified.

We compare the descriptive statistics of the variables before
winsorization in Table 4 and those after winsorization in Table 3
to highlight the justification for the data processing by
winsorization. Tables 3, 4 show that the number of
observations is the same after the data were winsorized at the
1% and 99% quantiles. Still, the minima and maxima have

TABLE 3 | Descriptive statistics after winsorization.

Variable Obs Mean Standard deviation Minimum Maximum

FC 11,283 3.6212 0.2648 3.0602 4.1880
GI 11,283 0.6524 1.0013 0.0000 4.2767
FE 11,283 −0.0038 1.4817 −2.8283 4.5294
Scale 11,283 21.6774 1.4056 18.4644 25.3228
Age 11,283 19.4104 5.4506 9.0000 36.0000
Growth 11,283 0.1258 0.2838 −0.5089 1.3765
Lev 11,283 0.4379 0.2039 0.0546 0.9506
ROA 11,283 0.0391 0.0627 −0.2037 0.2235
TobinQ 11,283 1.9708 1.7128 0.2092 9.8941
BM 11,283 0.4132 0.2620 0.0147 1.3431

TABLE 4 | Descriptive statistics before winsorization.

Variable Obs Mean Standard deviation Minimum Maximum

FC 11,283 3.6208 0.2680 2.5991 4.3851
GI 11,283 0.6597 1.0320 0.0000 6.8200
FE 11,283 −2.70E-10 1.5047 −5.9382 6.4566
Scale 11,283 21.6702 1.4593 11.5992 27.5118
Age 11,283 19.4280 5.6605 1.0000 63.0000
Growth 11,283 0.1563 0.9814 −0.9913 58.4869
Lev 11,283 0.4456 0.4030 0.0071 29.4930
ROA 11,283 0.0407 0.2377 −6.7637 20.7876
TobinQ 11,283 2.0579 3.0706 0.0826 167.0784
BM 11,283 0.4138 0.2732 −1.2448 2.4325
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changed, and the influence of the outliers has been eliminated to a
certain extent.

4.2 Correlation Analysis
Table 5 presents the Pearson correlation coefficients of the
variables. Table 5 shows that the explained variable (FC) is
correlated with all the control variables, indicating that the
choice of control variables is plausible. Furthermore, as the
correlation coefficients of all the variables are all less than 0.8,
severe multicollinearity in our regression analyses does not exist.

4.3 Regression Analysis
The stepwise regression analysis method is used in our models.
Model M1 is used to analyze the relationship between GI and

financing constraints of manufacturing enterprises and test H1.
Table 6 shows the regression results.

Column (8) of Table 6 shows that the regression coefficient of
green innovation (GI) is −0.0414, and it is significantly negative at
the 1% level. So, we can infer that GI negatively impacts the
financing constraints of the firms. Therefore, H1 is verified, and
GI helps relax the financing constraints of the manufacturing
enterprises. In addition, the coefficients of all the control variables
are significant. The coefficients of Scale, Age, Lev, and ROA are
positive, and the coefficients of Growth, TobinQ, and BM are
negative.

Table 7 shows the regression results of model M2. Column (8)
of Table 7 shows that green innovation (GI) is negatively
correlated with the financing constraint FC, and the coefficient

TABLE 5 | Correlation analysis.

Variable FC GI FE Scale Age Growth Lev ROA TobinQ BM

FC 1
GI 0.0141 1
FE 0.2545*** 0.2086*** 1
Scale 0.2449*** 0.4222*** 0.1623*** 1
Age 0.5915*** 0.1053*** 0.3960*** 0.1445*** 1
Growth −0.1427*** 0.0247*** −0.0836*** 0.0571*** −0.1192*** 1
Lev 0.2235*** 0.1853*** −0.0488*** 0.4022*** 0.1055*** −0.0159* 1
ROA −0.0769*** 0.0096 −0.0243*** 0.1449*** −0.0588*** 0.3026*** −0.3730*** 1
TobinQ −0.1754*** −0.1825*** −0.0122 −0.4453*** −0.0503*** 0.0907*** −0.3715*** 0.2587*** 1
BM 0.1087*** 0.1676*** 0.0460*** 0.3916*** 0.0904*** −0.1255*** 0.0460*** −0.1389*** −0.6305*** 1

Notes: ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.

TABLE 6 | Regression results of M1.

Variable FC

(1) (2) (3) (4) (5) (6) (7) (8)

GI −0.0217*** −0.0459*** −0.0427*** −0.0423*** −0.0438*** −0.0435*** −0.0430*** −0.0414***
(−9.0228) (−17.8306) (−17.6283) (−17.4664) (−18.2669) (−18.1972) (−18.0506) (−18.0901)

Scale 0.0433*** 0.0392*** 0.0403*** 0.0295*** 0.0274*** 0.0207*** 0.0243***
(24.0566) (24.5202) (25.1518) (16.8280) (14.3868) (10.4950) (11.6066)

Age 0.0233*** 0.0230*** 0.0221*** 0.0220*** 0.0222*** 0.0223***
(43.8680) (43.1145) (41.5147) (41.2662) (41.6578) (41.7455)

Growth −0.0746*** −0.0683*** −0.0755*** −0.0735*** −0.0759***
(−10.5878) (−9.8130) (−10.1946) (−9.9922) (−10.3524)

Lev 0.1850*** 0.2052*** 0.1963*** 0.1700***
(17.5196) (16.2742) (15.6483) (12.4998)

ROA 0.1258*** 0.2189*** 0.1782***
(3.2123) (5.4929) (4.4151)

TobinQ −0.0118*** −0.0167***
(−7.4871) (−9.0491)

BM −0.0624***
(−5.6732)

Cons 3.4648*** 2.5507*** 2.2886*** 2.2905*** 2.4482*** 2.4800*** 2.6514*** 2.6195***
(435.6129) (65.3277) (66.0916) (66.1383) (67.3239) (65.0323) (63.1764) (61.8900)

Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Obs 11,283 11,283 11,283 11,283 11,283 11,283 11,283 11,283
R2 0.2120 0.2545 0.4141 0.4200 0.4365 0.4371 0.4406 0.4423
Adj R2 0.2112 0.2537 0.4135 0.4193 0.4357 0.4363 0.4397 0.4415
F 277.9490 309.5828 551.6343 529.1264 556.9427 524.5807 505.8607 484.7249

Notes: Figures in parentheses are t-statistics of estimated coefficients. ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
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of GI is significant at the level of 1%. Hence, hypothesis H1 is
verified again.

We calculate the internal and external financial ecological
environment indicators through principal component analysis,
construct the comprehensive index of the annual financial
ecological environment (FE), and introduce the product term
GI*FE into model M2. This is to test the moderating effect of the
financial ecological environment on the relationship between GI
and financing constraints. We can understand the role of the
product term GI*FE in the model from two perspectives. From a
statistical standpoint, the influence of the independent variableGI
on the dependent variable FC will be moderated by another
variable, FE, that is, FE will affect the strength of the correlation
between GI and FC. While from the perspective of economic
implications, the financial ecological environment affects the
intensity of the influence of GI on the financing constraints.

Column (8) of Table 7 also shows that the coefficient of GI*FE
is negative at the 1% significance level. Therefore, the financial
ecological environment positively moderates the relationship
between green innovation, GI, and financing constraints, FC,
of the manufacturing enterprises. Consequently, a good financial
ecological environment enhances the mitigation effect of GI on
financing constraints of the manufacturing enterprises, that is,
hypothesis H2 is verified.

4.4 Robustness Check
We substitute the WW index for the SA index as the proxy
variable for financing constraints in models M1 and M2 to check
the robustness. The calculation formula of the WW index
(Whited and Wu 2006) is as follows:

WW � −0.091CF − 0.062DIV + 0.021TL − 0.044size

+ 0.102ISG − 0.035SG, (4)
where CF is the ratio of a firm’s cash flow to its total assets, DIV is
a dummy variable whose value is 1 when the firm pays dividends,
TL is the ratio of its total long-term liabilities to its total assets, size
is the natural logarithm of its total assets, ISG is the sales growth
rate of the industry that the firm is in, and SG is the sales growth
rate of the firm.

Table 8 shows the regression results. We find that the
explanatory (green innovation GI) and moderating variables
(financial ecological environment FE) have a significant
impact on the explained variable (financing constraint FC),
and the magnitude and the direction of impact are, by and
large, consistent with the original models, M1 and M2.
Therefore, it is demonstrated that the selection of variables
is reasonable, and the regression results of the models are
robust and reliable.

TABLE 7 | Regression results of M2.

Variable FC

(1) (2) (3) (4) (5) (6) (7) (8)

GI −0.0139*** −0.0378*** −0.0346*** −0.0341*** −0.0357*** −0.0355*** −0.0352*** −0.0352***
(−5.9616) (−15.2124) (−15.1188) (−14.8822) (−15.7993) (−15.7212) (−15.6260) (−15.6552)

FE −0.0076*** −0.0077*** −0.0140*** −0.0138*** −0.0108*** −0.0108*** −0.0098*** −0.0112***
(−3.6420) (−3.7489) (−7.7091) (−7.6243) (−6.0189) (−5.9970) (−5.4764) (−6.2388)

GI*FE −0.0174*** −0.0190*** −0.0168*** −0.0173*** −0.0176*** −0.0176*** −0.0174*** −0.0171***
(−7.1838) (−7.4243) (−6.9540) (−7.1164) (−7.2985) (−7.3122) (−7.2712) (−7.1432)

Scale 0.0438*** 0.0397*** 0.0408*** 0.0304*** 0.0284*** 0.0221*** 0.0262***
(24.4030) (24.9170) (25.5894) (17.4547) (15.0087) (11.3234) (12.6067)

Age 0.0235*** 0.0232*** 0.0223*** 0.0222*** 0.0223*** 0.0224***
(44.9452) (44.1802) (42.4470) (42.1834) (42.5004) (42.6586)

Growth −0.0759*** −0.0699*** −0.0769*** −0.0750*** −0.0777***
(−10.7591) (−10.0477) (−10.3862) (−10.2022) (−10.5856)

Lev 0.1781*** 0.1979*** 0.1902*** 0.1603***
(16.8246) (15.7122) (15.1759) (11.7606)

ROA 0.1225*** 0.2088*** 0.1629***
(3.1347) (5.2437) (4.0403)

TobinQ −0.0109*** −0.0163***
(−6.9210) (−8.8293)

BM −0.0693***
(−6.3222)

Cons 3.4578*** 2.5330*** 2.2587*** 2.2609*** 2.4184*** 2.4495*** 2.6103*** 2.5705***
(396.0795) (64.7770) (65.4368) (65.5074) (66.7545) (64.5862) (62.5878) (61.0052)

Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Obs 11,283 11,283 11,283 11,283 11,283 11,283 11,283 11,283
R2 0.2186 0.2621 0.4232 0.4293 0.4444 0.4450 0.4480 0.4501
Adj R2 0.2177 0.2612 0.4225 0.4285 0.4436 0.4441 0.4470 0.4491
F 243.5577 274.9866 506.6656 491.9230 515.4790 489.4659 472.1366 455.4729

Notes: Figures in parentheses are t-statistics of estimated coefficients. ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively.
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5 CONCLUSION AND POLICY
IMPLICATIONS

We investigate the relationship between the financial ecological
environment, GI, and financing constraints of manufacturing
enterprises based on endogenous growth and stakeholder
theories. Manufacturing companies listed on Shanghai and
Shenzhen stock exchanges are taken as samples. A
comprehensive index of the annual financial ecological
environment is constructed with principal component analysis
to explain the financial condition of the economy. The number of
granted green patents is used to measure the GI of the
manufacturing enterprises. The conclusion is as follows.

Green innovation eases the financing constraints of the
manufacturing companies. The greater the number of GIs, the
more funding the manufacturing enterprises received from the
government, investors, and financial institutions. Thus, the
manufacturing enterprises have broadened the financing channels
throughGI and reduced the degree of corporate financing constraints.

The financial ecological environment positively moderates the
relationship between GI and the financing constraints of the
manufacturing enterprises. A good financial ecological environment
enhances the mitigation effect of GI on financing constraints.

In light of the conclusion, policy implications for promoting
GI are provided to the manufacturing firms, financial institutions,
and governments.

Manufacturing enterprises must increase their investment in
GI to grow continuously and steadily in the fierce market
competition. Furthermore, GI is an important method for
enterprises to fulfill social responsibility and has become a
significant determinant of acquiring funding. Mainly, GI can
effectively ease the financing constraints of manufacturing
enterprises. Moreover, GI needs technology and talents.
Therefore, enterprises should increase the recruitment of high-
level skills and strengthen technical exchanges and cooperation
with universities and research institutions.

Financial institutions should promote green finance, play the
role of information media, and help relieve firms’ GI financing
pressure. Financial institutions efficiently transmit the GI of
manufacturing enterprises to the financial market through
business linkages. This signals good development to alleviate the
problem of information asymmetry and increase the availability of
external financing. Additionally, financial institutions should assist
companies and the market in improving the pricing mechanism of
green products, green processes, and technologies to better serve
the green development of enterprises.

The government must improve the financial ecological
environment and adopt subsidies, tax incentives, and policy
support to foster GI in manufacturing enterprises. With
rewards and punishment arrangements by the government, the
market mechanism can fully play to guide the GI and reduce
environmental pollution. In addition, talents and technology are
the keys to the success of GI. Therefore, the government should
introduce human resource policies to attract senior talents, build
a high-quality financial ecological environment, and help
enterprises engage in GI.

The capital market should offer various green financing
models. Issuance of green financial bonds by financial
institutions should be encouraged to effectively help reduce
the financing cost of GI projects. Furthermore, the China
Securities Regulatory Commission and other financial
regulatory authorities should render policy support for
effective supervision over the issuance of green bonds by
nonfinancial companies. They should help financial
institutions carry out green financial innovation and provide
more financing channels for green upgradation.

There are some limitations to this study. First, the sample in
this study is the listed manufacturing companies in the Chinese
stock market, not including the non-listed manufacturing
enterprises. Second, enterprise heterogeneity is not considered
in the empirical analyses, affecting the relationship between the
financial ecological environment, GI, and financing constraints.
Finally, the green finance policy helps alleviate the financing
constraints and promotes GI in enterprises. Therefore, GI and
financing constraints will become a hot issue to be studied in the
future.
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TABLE 8 | Robustness check.

Variable WW

(1) (2)

GI −0.0060*** −0.0058***
(−16.2925) (−15.2209)
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(−7.2955) (−6.8849)
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(7.6167) (7.6557)

BM −0.0257*** −0.0256***
(−12.5043) (−12.4403)
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(−28.6719) (−28.6761)

Year fixed effects Yes Yes
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Notes: Figures in parentheses are t-statistics of estimated coefficients. ***, **, and *
represent statistical significance at the 1%, 5%, and 10% levels, respectively.
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