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Abstract. In the low carbon economic era, green innovation has become an important
basis for an enterprise to obtain and maintain a sustained competitive advantage.In paper,
explores the path of green innovation using the panel data of 30 regions in China from 2008
to 2014.1t finds that financial development has heterogeneity and different dimensions of
financial development have different effects on green innovation of enterprises. That is,
financial development structure has a negative impact on enterprise green innovation, and
financial development efficiency has a positive impact on green innovation. Howere, the
impact between financial development scale and green innovation is not significant. In
addition, the study also finds that government R&D subsidies has no significantly effect on
green innovation. Finally, this paper aims to provide the government and enterprises some
theoretical and practical guidance to carry out policy-making of green innovation.
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1 Introduction

With the increasingly serious environmental problems, green sustainable development has become a common
choice of countries around the world. In this context, green innovation has caused a great concern as an important
way to alleviate environmental problems. From the national level, green innovation can produce positive
externalities through the spillover of knowledge and technology, which is helpful to improve the efficiency of
resource utilization and speed up the transformation of the national economic development mode, becoming the
inevitable choice for the country to obtain and maintain the core competitive advantage. From the enterprise level,
green innovation has a certain impact on the innovation activities of the whole enterprise (Aghion, 2012) [1],which
helps to promote enterprises in production, operation and management changes and has an important impct on
enhancing enterprise competition advantages and performance. In terms of the development of green innovation
theory and practice in China , the research of green innovation in our country is still in the initial stage. Therefore, it
is necessary to learn and utilize the green innovation system, management, technology and service in developed
countries to provide important support for green innovation of Chinese enterprises.

Financial development and government R&D subsidies have important effects on the innovation activities of

enterprises, which provide dynamic support for enterprise innovation through market stimulation and government
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regulation. Financial development, as a kind of market pull, can effectively integrate investment information,
mobilize savings, improve resource allocation efficiency, improve enterprise supervision and timely disperse risk,
which plays an important role in innovation activities (Levine, 1997) [2]. Relative to financial development, as a
kind of government regulation and control, government R&D subsidies can mitigate the possible "market failure"
(Hall, 2000) [3] and plays a crucial role in the innovation activities of enterprises.

The vast majority of past research has examined the effects among financial development, the government R&D
subsidies on the general technology innovation, and provided substantial material and theoretical reference for the
research of this paper, but there are still some limitations. First, most of the past studies ignored the heterogeneity of
financial development. Thus, this article divids financial development into financial development scales, financial
development structure and financial development efficiency, and respectively explores the three dimensions’ impact
on green innovation. Second, the existing research about the effects of government R&D subsidies on green
innovation has not yet reached a consensus. Third, few studies integrate financial development, government R&D
subsidies, and green innovation into the same research framework to systematically analyze the role of variables.

Based on the above analysis, using panel data of 30 regions in China, this article constructs the theoretical
framework to further explore the impact of financial development and government R&D subsidies on green
innovation, hoping to further expand green innovation theory and provide useful reference for enterprises to carry

out green innovation activities.

2 Theory and hypotheses

2.1 Financial development and green innovation

Green innovation is a high-input process with a high degree of uncertainty and risk. In contrast to other activities,
companies are often faced with financial constraints when undertaking green innovations (Hall & Lerner, 2010)
[4].The financial system takes on the foremost financial activities and is an important means for the effective
allocation of resources in the process of enterprise innovation. On the one hand, financial development can mitigate
the financial constraints and improve the efficiency of resource allocation. Enterprises need to invest lots of R&D
funds to green innovation. Companies can only seek help through external financing when a shortage of funds
within the enterprise. Financial intermediaries and financial markets through various types of financing mechanisms
to integrate social idle funds to meet the financing needs of green innovation. A well-developed financial
development system not only provides sufficient external financing for corporate innovation to mitigate financial
constraints (Ben & Goaied, 2008) [5], but also helps investors to obtain information on enterprise investment and
financing decision-making, reduce information asymmetry, improve the allocation of financial resources efficiency
(Habia, 2008) [6].On the other hand, financial development can reduce the uncertainty and risk of green innovation
investment. Due to the high risk of green innovation, many enterprises and individuals tend to put capital into low
risk areas, which hinders the development of green innovation. According to Levine (1997) [2] , financial
development has the function of dispersing risk, which can reduce the uncertainty and risk in the process of green
innovation to a certain extent.

Sun and Wang (2013) [7] studied the relationship between financial development and technological innovation,
showing that financial development has a catalytic role in technological innovation.Bo et al (2013) [8]suggested that
financial development scale, financial development efficiency and financial development structure are important
factors impacting technological innovation capacity. Li et al (2013) [9] believed that the financial development scale
has a significant positive effect on R&D investment. He et al (2011) [10] considerded that the strengthening of
financial market development, expansion of direct financing channels and the scale is more conducive to enterprise
independent innovation. Zhang (2012) [11] found that financial development scale and efficiency has significant
R&D innovation effect. Based on the above analysis, the following hypotheses are proposed:

H1: There is a positive correlation between financial development scale and green innovation.
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H2: There is a positive correlation between financial development efficiency and green innovation.

The financial structure depicts the relative importance of the stock market in comparison with the banking
intermediaries. According to the current development, China's financial development structure is basically a
bank-led financial structure (He & Chang,2010 [12]Sun&Wang,2013 [7]).Roger(2011) [13] and Ferreira (2012)
[14] argue that banks would tend to deny loan support for high-risk, high-yield innovative projects in order to
achieve soundness in their operations, which would make it difficult for banks to obtain credit for these projects.
Therefore, it can be found that the financial system dominated by banks is not conducive to the innovation activities.
Sun and Zhu (2008) [15],He and Chang(2010) [12]also believed that bank-led financial structure seriously restrictes
the independent innovation of enterprises. Based on the above analysis, the hypothese is proposed:

H3: There is a negative correlation between financial development structure and green innovation.

2.2 Government R&D subsidies and green innovation

Green innovation of enterprises may face the high risk of R&D investment and external spillover. If the government
does not carry out R&D subsidies, the enthusiasm of enterprises R&D investment can be dampened. From the point
of risk control and R&D costs, government R&D subsidies can stimulate the enthusiasm of enterprises to innovate
and expand their R&D investment (Yager & Schmidt, 1997) [16].In addition, government R&D subsidies has
significant leverage on R&D innovation of enterprises, which can largely compensate for the "market failure" of
green innovation. The existing literatures discussed the impact of government R&D subsidies on innovation of
enterprise. Spencer and Brander (1985) [17] found that government R&D subsidies has similar utility as export
subsidies, which can stimulate innovation activities and affect the equilibrium behavior of R&D competition.
Hewitt and Roper (2010) [18]conducted a study of Ireland and Northern Ireland data for 1994-2002 and found that
government subsidies has apositive impact on the proportion of enterprise R&D activities and product improvement
innovation activities. Bai (2011) [19] conduted an empirical analysis, regarding that government R&D subsidies
significantly improves the efficiency of R&D innovation. Ding and Zhu (2016) [20]analyzed the impact of
government R&D subsidies on the performance of technological innovation. The results shown that government
R&D subsidies has positively influenced the performance of technological innovation in a high-tech industry. In
sum, government R&D subsidies can help to compensate for the lack of investment in innovation, to solve the
problem of knowledge spillovers, and to reduce the risk of R&D, thus stimulating the enterprise green innovation.
Based on the above analysis, the hypothese is proposed:

H4: There is a positive correlation between government R&D subsidies and green innovation.

3 Research design
3.1 Variable selection

3.1.1 Dependent variable

At present, the measurement of green innovation (gi) has not yet reached a consensus in China. Li et al(2013) [21]
adopted the new product unit energy consumption, that is, the ratio of energy consumption to new product output.
Wang and Guo (2015) [22] used the ratio of new product sales revenue to energy consumption. Taking into account
the availability of data, this paper uses the indicator given by Wang and Guo (2015) [22] to measure green

innovation.

3.1.2 Explanatory variables
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The explanatory variables of this paper are financial development scale (fd1), financial development structure (fd2),
financial development efficiency (fd3) and government R&D subsidies (s).According to the research of Bai et al.
(2013) [8] , Chang and Ju (2015)[23], the financial development scale is measured by the ratio of the sum of
financial institutions’ deposits and loans balance to GDP in each region; the financial development structure is
measured by the ratio of stock’s total market value to financial institutions’ loans balance in each region; the
financial development efficiency is measured by the ratio of financial institutions’ deposits balance to loans balance
in each region. According to the research of Wang (2010) [24] , government R&D subsidies (s) is measured by the

funds from the government to raise funds for enterprise science and technology.

3.1.3 Control variables

The control variables are human capital (hum) and economic development (ed).Human capital (hum) is the main
body of enterprise innovation activities and reflects the enterprise’s digestion and absorption abilities of new

knowledge. This article uses the average schooling years of labor force to measure human capital (Barro,2001)

[25].The formula is: the average schooling years of labor force = 64, +9a, +12a; +16a, ,which

4 R a, ,a3 ,a4 respectively represent the proportion of primary school, junior high school, high school ,college

education and above residents to the population aged 6 and over in the provinces. The economic development can
provide a strong support for enterprises’ innovation. This article uses per capita GDP to measure the economic

development in in each region.

3.2 Sample data and sources

Considering the availability and validity of the data,this paper chooses the industrial enterprises above designated
size in 30 provinces of China as the research object, and takes the panel data from 2008 to 2014 as the sample(due to
the lack of data in the Tibet Autonomous Region is serious, this article removes the Tibet Autonomous Region). The
data are from China Statistical Yearbook, China Statistical Yearbook of Science and Technology, China Statistical
Yearbook on Population and Employment, Statistical Yearbook of Science and Technology Activities of Chinese

Industrial Enterprises and China Financial Yearbook.The data is analyzed using Stata14.0.

3.3 Estimation Method

Based on the above analysis, in order to better investigate financial development, government R&D subsidies on the

impact of green innovation, this paper establishs the panel model:

gi.=a,+o fdl +a,fd2,
+a,fd3, +a,s, +oashum, (1
+aed, +¢,
8l ,f dl"’ s f d 2"’ ,f d3"’ ,S"’ s hum"’ ,ed"’ respectively represent green innovation ,financial development scale,

financial development structure, financial development efficiency, government R&D subsidies, human capital and

economic development of region i in the period t. ~ represents the error term of region i in the period t. In order to

eliminate the impact of heteroskedasticity, government R&D subsidies, human capital and economic development

are all natural logarithm.
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4 Empirical snalysis

4.1 Descriptive statistical analysis

Descriptive statistics are shown in Table 1. Means, standard deviations, maximum and minimum values are
summarized for all variables. As shown in Table 1, firstly, in terms of the average 21.65 and the standard deviation
53.74,the paper finds that green innovation has great regional differences. Secondly, from the level of financial
development, the financial development scale, the financial development structure and the financial development
efficiency are obvious regional differences. It implies that China 's financial development is unbalanced. The mean
value of the financial development structure is 0.43, which shows that China's financial structure is a
banking-oriented financial structure in general (Sun & Wang (2013)[7],He & Chang(2010)[12]).

Table 1. Descriptive statistics.

Variable Mean Std. Min Max

s dev.

gi 21.65 53.74 0.67  466.03
fdl 2.92 2.19 0.90 28.35
fd2 0.43 0.62 0.02 4.56
fd3 1.77 3.68 0.16 47.34
s 10.75 1.31 5.09 12.87
hum 9.16 597 5.77 90.93
ed 9.07 0.23 8.66 11.42

4.2 Panel data regression analysis

4.2.1 Unit root test

Before the panel regression, this paper carries out the stationarity test to examine the smoothness of the data for the
purpose of preventing false regression or pseudo-regression. In this paper, ADF-Fisher test method is used. The test
results show that the p-values of the ADF-Fisher test are less than 0.01, rejecting the null hypothesis containing unit

roots, indicating that each sequence is stationary and eliminates the existence of spurious or pseudo-regressions.

4.2.2 Panel model selection

Before the regression, it is necessary to test the form of the model to avoid the deviation caused by improper model
setting in the regression process. In this paper, the Hausman test is used to examine the model. The Hausman test has
a p-value of 0.006,which indicates that the null hypothesis is rejected at the 1% level, so the fixed effect model is

chosen.

4.2.3 Regression results and analysis

Based on the above analysis, this paper selected the fixed effect model to regress the model, the regression results
are shown in Table 2.From the regression results in Table 2, the regression coefficient of financial development
efficiency is 4.84, and through the 1% significance test. It shows that the financial development efficiency is
positively related to the green innovation of enterprises, that is, the financial development efficiency has

significantly promoted the enterprise green innovation activities. This conclusion is similar to the finding of Ran et
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al (2013) [26] and H2 is verified. The regression coefficient of the financial development structure is -49.26,and the

1% significance test is adopted. It shows that Chinese.

Table 2. Panel data regression results.

gi Coef. Std. t P>t|
Err.

fdl -0.13 1.19 -0.11 0.91

fd2 -49.26 10.25 -4.81 0.00%**

fd3 4.84 1.19 4.07 0.00%**
s -3.91 4.83 -0.81 0.42

hum 0.57 0.95 0.60 0.55
ed -15.24 2590 -0.59 0.56

Note: ***, ** * represent the 1%, 5%, 10% confidence level was significantly.

Banking-led financial structure has a significant hindrance to green innovation and is not conducive to the
development of green innovation. H3 has been supported. This finding is consistent with the conclusions of Kang
and Zhang (2008) [27], He and Chang (2010) [12],Sun and Wang (2013) [7].

From the regression results, the regression coefficient of financial development scale is negative, but not
significant (Coef=-0.13,p=0.91), which means that H1 has not passed the test. The possible causes of this result are
the following. First, it may be because the scale of financial development indicators have yet to be improved or data
sources are inadequate, resulting in the regression results do not support the hypothesis. Second, in recent years, as
the state has issued a series of policies to encourage the financial system reform, China's financial development
scale has been developed. Howere,due to capital gains and hedging effect, financial resources in different regions
and industries can not be effectively configured, thus making financial development scale can not play an effective
role. According to the study by Shi and Wang (2010) [28], Qian et al. (2010) [29]; Lu and Li(2016) [30],the impact
of financial development on innovation has a certain threshold effect. The scale of financial development in many
parts of China has not yet crossed the higher threshold. Therefore, financial development scale can not to play an
effective role in promoting green innovation, and even inhibit corporate green innovation.

As shown in Table 2, it implies that the regression coefficient of government R&D subsidies is negative but not
significant (Coef=-3.91, p=0.42).It is assumed that H4 has not been validated. Analysis of its causes, may have the
following points. First, it may be due to government R&D subsidies has a "crowding out" on enterprise R&D
investment. When the government R&D subsidy rate is high, it will have crowding-out effect on enterprise R&D
investment, leading to negative impact. Second, moral hazard may occur because of imperfect information
disclosure mechanism and capital supervision mechanism. In this case, enterprises may investe government
subsidies in activities that are not related to green innovation. Third, the impact of government R&D subsidies may
also be affected by the policy environment and the nature of the enterprise. Enterprise which has close ties with the
government and strong policy background would be more likely to achieve the purpose of rent-seeking, while, those
which really need government R&D subsidies for green innovation may not get the government's support. Just as
Liu et al. (2012) [31]found, the poorer the regional policy environment and the weaker the anti-corruption, the less

the effect of government R&D subsidies.

5 Conclusions

Based on panel data of 2008-2014, this paper studies the impact of financial development scale, financial

development structure, financial development efficiency and government R&D subsidies on the green innovation of
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enterprises in 30 provinces of China. The following conclusions are drawn and the corresponding suggestions are
given .

First, the different dimensions of financial development have different effects on green innovation. There is a
negative correlation between financial development structure and green innovation, which shows that bank-oriented
financial development structure is not conducive to the green innovation activities of enterprises.Financial
development structure will be affected by historical conditions, legal environment, culture, politics and other factors.
It is hard to say that the financial market-based structure is better or bank intermediaries based financial structure is
more advantage. But in terms of promoting enterprise innovation, the direct financing structure dominated by
financial markets is more effective. Therefore, in the structure of financing model, China should actively develop
financial markets, increase the proportion of direct financing, and build a financial market system that coordinates
the development of direct financing and indirect financing.

On the current development situation, China's financial development scale has yet to be expanded. All regions
should speed up the development of multi-level capital market, encourage the development and construction of
small and medium-sized bank financial institutions, investment financial institutions and financing intermediary
services .Encourage private capital to enter the banking industry and build a property rights coordination, mixed all
and effective competition in the financial service system. At the same time, the government should regulate the
development of Internet finance and build a mainstream format and the new format coordinated development of the
financial system to weaken the capital gains and risk. And the government is committed to the effective allocation of
financial resources in different regions and different industries.

Financial development efficiency has a significant positive effect on the green innovation of enterprises.
Therefore, goverment should pay attention to the continuous improvement of financial development efficiency.
Simultaneously, enterprises should actively respond to the call for of the "13th Five-Year" financial system to
deepen reform, assimilating the green development concept into the enterprise development process. And
continuously improve green innovation capacity, making enterprises more competitive advantage.

Second, in view of the government R&D subsidies for green innovation is not significant, this paper puts
forward three proposals. Firstly, the government should establish an effective supervision and control mechanism
and do it well in market research to reduce the asymmetry of information, implementing government R&D subsidies.
Secondly, the government should strengthen the anti-corruption education to the relevant government staff and
enterprises, construct the healthy policy environment, standardize the subsidy procedure and make the government
R&D subsidies more standardized and transparent. Thirdly, enterprises should rationally plan their own R&D

investment so as to reduce the negative effects from government R&D subsidies "crowding out".
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