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Using the data of listed companies in the Chinese capital market from 2014 to 2020,
this paper studies the impact of the CEO’s green ecological experience on corporate
green innovation and further analyzes the moderating effects of tax credit rating and
tax burden. The results show that 1) the CEO’s green ecological experience can
enhance corporate green innovation, 2) China’s tax credit rating positivelymoderates
the impact of the CEO’s green ecological experience on corporate green innovation,
and 3) corporate tax burden will negatively moderate the impact of the CEO’s green
ecological experience on corporate green innovation.
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1 Introduction

The acceleration of industrialization and urbanization in the world has caused numerous
environmental issues. For instance, global warming has been one of the severe consequences,
which challenges the global environment and threatens the coastal dweller. So far, many
countries have taken actions to decelerate the trend of environmental disruption by reducing
carbon emissions. For instance, by developing information and communication technology
(ICT), both high-income and middle-income countries have decreased carbon emissions (Sun
et al., 2023). However, the climate policy uncertainty will block R&D input, decreasing cash
flows (Ren et al., 2023a). Most people are also transferring their attentions from less effective
development to protecting the environment. Yousaf et al. (2022) claim that various laws and
policies are focused on protecting the environment. These policies may regulate corporate
operation and force them to allocate more resources to green innovation in a more sustainable
way. Furthermore, as the COVID-19 pandemic has huge economic impacts globally, many
countries are trying to promote economic recovery through economic policies, and these
economic policy uncertainties are positive for the overall market (Wang et al., 2023b). From the
productivity perspective, Bucea-Manea-Tonis et al. (2021) state that green innovation has a
positive impact on people’s health and thus increases their productivity. Additionally, in the
fast-paced world, knowledge, innovation, and technology are becoming more crucial (Tullani
et al., 2018). It is required for the corporations to increase their competence by focusing on R&D
and launching more eco-friendly products to attract consumers. Furthermore, many
stakeholders like to search for CEOs’ and executives’ backgrounds to determine their
educational level, habits, and abilities since these may be related to corporate operation.
For instance, the CEO’s green ecological experience influences the positive environmental
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deviance and the CEO’s foreign experience enhances the green
innovation (Walls and Hoffman, 2013; Quan et al., 2023).
Moreover, a “U” shape relationship is shown between the company
executive political connections and the corporate pollution (Wang
et al., 2022). In addition to these, taxes may also be one of the
influencing factors since the tax payment directly relates to the
cash-holding level. A higher tax burden may force enterprises to
ignore the R&D, creating financial constraints for corporations and
thus influencing green innovation (Wang et al., 2023a). However,
these negative impacts can be controlled by some actions from
governments, for instance, adjusting environmental tax rates to the
optimal level and controlling the uncertainty of oil price to enhance
resource integration and increase the green technology (Wang and Yu,
2021; Ren et al., 2023b). Additionally, governments can put forward
dynamic climate policies to overcome energy price fluctuations (Ren
et al., 2023c). Also, the digital finance will foster urban innovation
(Ren et al., 2023a). These may be helpful for green innovation
development. In conclusion, corporate green innovation may be
restricted by many factors and it protects the environment and
motivates corporations to obtain advantages in competition for
sustained development.

Corporate green innovation has been studied by many scholars.
To the best of our knowledge, the existing literature mainly focuses on
the study of the external influence and internal mechanism of green
innovation, including the input, expenditure, and efficiency of green
innovation. Research studies on green innovation have ignored the
role of the CEO’s experience in the business operation activities of
enterprises and they rarely involve the mechanism of factors directly
related to the corporate cash flow and corporate management, such as
tax credit rating and tax burden.

This paper will study the impact of the CEO’s green ecological
experience on corporate green innovation and further explore the
moderating role of corporate tax credit rating and tax burden. The
innovations and contributions of this study may include the following:
1) It studies the impact of the CEO’s green ecological experience on
corporate green innovation, which enriches the research literature on
corporate green innovation. 2) It explores the moderating effects of tax
credit rating and tax burden on the impact of the CEO’s green
experience on corporate green innovation. 3) This study also
inspires CEOs to strengthen the study of green knowledge, guiding
enterprises to control their tax level reasonably, which results in a
Chinese example for other countries to develop corporate green
innovation.

2 Literature review and research
frameworks

2.1 Green innovation

Scholars propose different definition of green innovation from
different perspectives. Lai and Zhan (2021) define green innovation as
green and technological innovation, which reflects the environmental
responsibility of technological innovation. Additionally, Zhu et al. (2018)
define green innovation as innovative and valuable innovation that can
protect the environment and save resources, which includes three
characteristics, namely, resource conservation, environment protection,
and sustainable development. In addition to technology, process, and
product innovation, Dai and Liu (2009) also propose system innovation,

which refers to organizational innovation andmanagement innovation of
enterprises. Li (2015) and Sun et al. (2022) propose that green innovation
would bring spillover externalities from which competitors and
stakeholders would benefit. However, Rennings and Rammer (2011)
believe that external policies are beneficial to promote corporate green
innovation, which is beneficial to improve corporate performance, create
a good atmosphere, and improve corporate competitiveness.

The existing research on systematic innovations about the
connotation of green innovation mainly focuses on external factors
and internal mechanisms. From the perspective of external factors,
these include policies and market factors, for example, fintech can
improve the green innovation performance of enterprises, and
resource mismatching plays the role of a mediator in this process
(Liu et al., 2022b); government subsidies, policy pressures, and
external incentives can also encourage enterprises to conduct green
innovation-related R&D (Tian and Pan, 2015; Chen et al., 2022). From
the perspective of the internal mechanism of enterprises, the
organizational strategies and green organizational identities will
positively affect green innovation and thus enhance the green
development (Wang et al., 2014; Yousaf et al., 2022). In terms of
corporate strategy, Hart and Dowell (2011) point out five factors
affecting corporate green innovation strategy. These are conventional
green capabilities based on investments in products and production
processes, employee participation and training for environmental
issues, green organization capability across internal functions,
formal environmental management systems and procedures, and
strategic planning considering environmental issues, and these
prove to have a positive impact on corporate green innovation.
Scarpellini et al. (2020) state that green innovation may enhance
environmental management capabilities and form an innovation
circle.

In addition, scholars also conduct research studies from three
perspectives: input, output, and efficiency of green innovation. In
terms of green innovation input, Ghisetti and Rennings (2014) point
out that green innovation can improve environmental performance,
build a good image of enterprises, enhance the competitiveness of
enterprises, and as an internal driving factor, influence enterprises to
invest in the green innovation practice. Bucea-Manea-Tonis et al.
(2021) claim that green innovation increases employee productivity
and enhances corporate performance. The output of corporate green
innovation can be measured by the green patent output, and venture
capital has a positive impact on the green patent output of new energy
enterprises (Qi et al., 2017). Furthermore, Tullani et al. (2018) state
that green innovation increases consumer intention. In terms of the
influencing factors of green innovation efficiency, Chen (2016) points
out that the optimization of the technology level and property rights
structure can improve the green total factor productivity. Liu et al.
(2022a) and Zeng et al. (2022) point out that the heterogeneity of the
intelligent background of an enterprise’s management team has
positively influenced the green innovation practice of an enterprise.
Self-regulation and green marketing will also impact the green
capacity of the corporation (Demirel and Kesidou, 2019).

2.2 CEO’s green ecological experience
and tax

The CEO’s experience has been a hot topic for corporation
research studies. Hambrick and Mason (1984) believe that CEOs
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can form different traits through their past education and work
experiences, which to some extent affect their psychological
structures such as attention tendency, cognitive ability, and values,
and ultimately affect the corporate behavior, decision-making, and
performance. For these reasons, CEO traits may be considered when
mentioning innovation decisions as innovation is full of risks, is
unpredictable, and requires continuous improvement (Holmstrom,
1989; Wang and Yu 2021). For the process of shaping a green
experience, growing up with a mother and increasing outdoor time
will help children to shape their environmental attitude as they will
focus more on the nature value (Evans et al., 2018; DeVille et al., 2021).
However, education matters, not the child’s attitude (Evans et al.,
2018). After shaping their green attitude, CEOs who have
environmentally conscious values would be more concerned about
the nature and pay more attention to the demands of stakeholders on
environmental issues (Wolf, 2014). Environmental protection values
and green ecological experience will prompt CEOs to choose the
decision plan consistent with their ecological values after weighing the
feasibility of alternative plans (Zeng et al., 2022).

Scholars commonly research tax for macro and micro
perspectives. From the macro perspective, taxation is believed to
influence the national economic growth and has profoundly
effective influence on the economy (Lee and Gordon, 2005; Baker
et al., 2021). Higher tax rates may increase tax evasion, but they are
effective in guaranteeing social insurance (Affes, 2020; Kindermann
and Krueger, 2022) while decreasing tax rate is beneficial to enhance
the macroeconomy, attracting more enterprises and gaining
increasing outputs (Conefrey and Fitz Gerald, 2011; Shevlin et al.,
2019). Furthermore, tax rates can be measured by tax administration;
Basri et al. (2021) claim that improving tax administration is equal to
raising the tax rate to eight percent. From the micro perspective, Guo
et al. (2021) find that the percentage of decreasing sales resulting in tax
deductions are less than the percentage of increasing sales resulting in
tax enhancements, which proves that the tax expenditures are sticky.
Furthermore, different from general cognition, low corporate tax rates
have no relationship with foreign direct investments (Jensen, 2012).
For individual characteristics, it is mentioned that tax morale declines
when the incomes are higher (Grundmann and Graf Lambsdorff,
2017).

2.3 Research framework

To sum up, when studying green innovation, it is found that
scholars mainly focus on the factors affecting green innovation in the
external aspects of external resource input, future development,
environmental performance, scientific and technological progress,
and employee productivity. For the internal perspective, the
previous literature mainly focuses on the environmental
management and corporate strategy, which refer to the macro
level. However, when testing the green innovation of enterprises
from the perspectives of input, output, and efficiency, the research
from the perspective of investment in green innovation ignores the
external financing factors and the capital of enterprises. The influence
on managerial characteristics should not be ignored (Zhang and Shi,
2022) when studying green innovation. In addition to that, scholars
rarely refer to the moderating effect of taxation on the impact of green
innovation. This study uses the CEO’s green ecological experience, tax
credit rating, and tax burden as variables to study the impact of the

CEO’s green ecological experience on corporate green innovation and
further analyzes the moderating effect of tax credit rating and tax
burden.

CEOs with green ecological experiences are more accustomed to
being close to nature. They sincerely care about nature and try to
reduce the impact on the environment. From the perspective of the
enterprise, the natural affinity of the CEO is conducive to improving
the overall awareness of the enterprise to protect the environment.
Moreover, it is conducive for the enterprise to respond to the global
green policy and mainly focus on the green innovation R&D to
improve the overall technical performance and ability of the
enterprise, which will establish a superior social image and
implement stakeholder interests.

Reducing tax rate provides working capital to guarantee that
enterprises carry out green innovation as enterprises have high
incentives to use tax savings for green innovation (He and Xiao,
2022). In addition, tax credit rating saves taxes and fees, improves
corporate reputation, and creates a better financing environment for
enterprises. It creates conditions for the increase in corporate working
capital and encourages enterprises to carry out green innovation.

Based on the aforementioned discussion, this study argues that the
green ecological experience of CEOs will affect the overall concern of
the enterprises for the nature. Enterprises will be more motivated to
invest more green innovation capital and reduce environmental
pollution caused by the operation. In addition, since the tax credit
rating reflects the standardization of the companies and the corporate
tax burden reflects the costs of the enterprises, all these may directly or
indirectly affect the impact of the CEOs on the green innovation of the
enterprise. So, this study proposes the research framework shown in
Figure 1.

3 Theoretical analysis and research
hypothesis

3.1 Impacts of the CEO’s green ecological
experience on green innovation

Zhang and Shi (2022) define the academic experience as the
experiences of working in relevant academic positions. Taking this
methodology, green experience can be measured by participating in
green and environment-related education. The relevant education is
judged based on whether the education majors belong to the majors of
pulp and paper making, environment, environmental engineering,
and environmental science. According to the natural connection
theory, CEOs with high-quality ecological environment experiences
will establish a complete and strong nature connection by themselves
and thus generate a strong sense of belonging to ecological nature and
form values centered on the ecological environment (Evans et al.,
2018). Therefore, they have a potential consciousness of
environmental protection, stronger willingness and emotion for
environmental protection, and a stronger motivation to preserve
nature (Deville et al., 2021). According to Hambrick and Mason
(1984), the characteristics of CEOs play a significant role in
making corporate decisions and influencing corporate performance.

It is seen that the green ecological experience of the CEO is
conducive for the enterprise to pay attention to the demands of its
stakeholders, improving its sensitivity to policies related to sustainable
development. In addition, it is significant for enterprises to pay
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attention to sustainable development issues and formulate
corresponding corporate policies. The green ecological experience
of the CEO will also impact the decision of the enterprise on green
innovation and thus affect the management process. Furthermore,
CEOs having green ecological experience will own the sense of natural
belonging and tend to invest more green innovation R&D to protect
the environment when making corporate decisions. Therefore, H1 is
proposed in this paper.

H1: The CEO’s green ecological experience will positively affect the
corporate green innovation.

3.2 The moderating effect of tax credit rating
and tax burden

3.2.1 The moderating effect of tax credit rating on
corporate green innovation

Since 2014, the Chinese taxation department has been evaluating
enterprises as “A, B, C, D” levels (with the addition of “M” in 2018),
which is significant for the standardized tax collection process to
improve the integrity of taxpayers. Tax credit rating is “flexible tax
collection and administration” with “universality” and “softness” (Sun
and Lei, 2019). The taxation department implements incentive
rewards for “A-level” taxpayers, which is conducive to improving
the credit of enterprises, thus easing the financing constraints of
enterprises (Sun and Lei, 2019). From the perspective of tax
compliance, “A-level” tax credit ratings are conducive to offset the
tax burden raised by the tax compliance of enterprises, reducing the
tax burden of enterprises (Guo, 2022). In addition, “A-level” taxpayers
can significantly increase their R&D input by improving their
financing capacity through tax incentives (Zhang, 2021). From the
internal perspective of enterprises, tax credit ratings can effectively
reduce the level of excessive cash holdings of enterprises, which are
beneficial for corporate governance (Sun, 2022). Tax credit ratings
may also promote enterprise innovation through marketing and
management (Sun and Lei, 2019).

It is seen that tax credit ratings start from the standardization of
the tax payment process, guarantee that enterprises benefit from the
legal tax payment, and impact on improving the fluent capital. The
specific impacts are as follows: from the perspective of enterprises, “A-

level” enterprises have better social reputation, enjoy various channels,
higher financing amount, and improve the fluent cash flow compared
with “non-A-level” enterprises. Meanwhile, due to the “tax shield”
effect, “A-level” enterprises can reduce their own tax burden (Sun
et al., 2019; Zhang, 2021; Guo, 2022; Sun, 2022).

To conclude, tax credit ratings can improve the smooth cash flow
by improving the standardization of the tax payment process and
external financing to enable enterprises to invest funds in R&D. Then,
CEOs with the green ecological experience may pay more attention to
the overall impact of green innovation on enterprises and invest more
funds in green innovation to meet the demands of environment-
friendly enterprises. In view of these statements, this study
proposes H2.

H2: Compared with “non-A-level” enterprises, “A-level” enterprises
can positively moderate the effect of the CEO’s green ecological
experience on the enterprise’s green innovation.

3.2.2 The moderating effect of tax burden on
corporate green innovation

Tax burden is a factor considered in the production and operation
of enterprises which will affect the green innovation input through the
cash flow. For the national level, tax burden plays an “inverted
U-shaped” role in Chinese economic growth (Lu and Li, 2019). For
enterprises, Liu and Huang (2018) state that the increasing tax burden
led to the marginal deviation of production factors from the optimal
level of society. When ignoring the government transfer, the tax
burden will have a “crowding-out effect” and inhibit the economic
growth of enterprises (Xiao et al., 2021). Therefore, tax burden is
crucial to measure the proportion of the working capital in the process
of business operations.

Due to the adverse impact of high tax burden on enterprises,
enterprises will take tax burden into consideration when making
decisions related to green innovation. With the increase in tax
burden, the relevant cash flow held by enterprises will decrease,
and the capital pressure of enterprises will increase. As a
consequence, the overall capital will not be guaranteed. Although
CEOs with green ecological experience may focus primarily on the
environment when making decisions related to environmental
protection, they may transfer the focus to the development of main
business and ignore R&D activities. Given these considerations, CEOs

FIGURE 1
Research framework.
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with green ecological experience may not spend excessive capital on
R&D activities. In view of these, this study proposes H3:

H3: If ceteris paribus, the tax burden will reversely moderate the
positive impact of the CEO’s green ecological experience on corporate
green innovation.

4 Research design

4.1 Data sources

The data in this study are mainly from the following three sources:
1) the information about tax credit ratings is from the official website
of the Chinese taxation department (www.chinatax.gov.cn); 2) the
relevant data about enterprise green innovation are from Chinese
Research Data Service Platform (CNRDS); and 3) the financial data
about enterprises are from the China Stock Market and Accounting
Research database (CSMAR).

The tax credit rating policy was published in 2014 and listed “A-
level” taxpayers in 2015. This study takes A-stock market enterprises
from 2014 to 2020 as the research sample, referring to the
methodology of Guo (2022) and Sun et al. (2019) and removes
statistics according to the following steps to ensure the
representativeness of the samples: 1) financial industry samples, 2)
ST and ST* samples, 3) data missing samples, and 4) samples with the
ratio of liability to asset greater than one and negative net assets. At the
same time, all samples are processed with 1% and 99% winsorization
to prevent the interference of the abnormal data. After processing,
20,585 data were obtained.

4.2 Description of variables

4.2.1 Dependent variable: Green innovation
The commonly used indicators to measure the performance of

green innovation are green total factor productivity ratio, the number
of green patents granted, and the number of green patent applications
(Chen et al., 2022; Zhang et al., 2022). This study adopts the
methodology of Chen et al. (2022) and Zhang et al. (2022) and
uses the number of green patent applications to measure green
innovation. The specific reasons are as follows: first, the
authorization of green patents needs to be reviewed by relevant
departments and can only be identified as enterprise patents when
meeting the conditions. Therefore, the number of authorized green
patents to measure the innovation level of enterprises is delayed (Chen
et al., 2022). Second, it is difficult to extract the green environmental
protection data of enterprises, and there is a lack of data between
consistent years (Zhang et al., 2022), so it is not suitable to adopt the
green total factor productivity ratio. In addition, green patent
application cannot be imitated and the application conditions are
strict, so it can reflect the green innovation ability of enterprises. This
study adopts the methodology of Zhang et al. (2022), using the
number of green innovation patents applied by the companies in
the current year in the database as the proxy variable of the green
innovation capacity of the enterprise. Specifically, the number of green
innovation patents applied = the number of green patents applied by
the enterprise independently + the number of green patents applied by
the enterprise jointly. After calculating that, one is added to the

number, and the statistics are processed with the natural logarithm
to the regression model.

4.2.2 Independent variable: CEO’s green ecological
experience

Referring to Zhang and Shi (2022), this study focuses on a CEO
who has studied a relevant green major to determine whether he/she
has a green ecological environment experience. If a CEO has a green
ecological environment experience, the value is 1; otherwise, it is 0.

4.2.3 Moderating variables
4.2.3.1 Tax credit rating (Treat)

Since the Chinese taxation department only discloses the “A-level
tax” taxpayers, this study adopts the methodology of Guo (2022),
which takes the tax credit rating as the explanatory variable and
divides enterprises into two categories: “A-level” and “non-A-level.” If
the tax credit rating is “A-level,” the value is 1; otherwise, it is 0.

4.2.3.2 Tax burden
This study adopts the methodology of Xiao et al. (2021) and Guo

(2022) and uses the percentage of “tax paid by the enterprise/
enterprise business income” to represent enterprise tax burden. In
the equation, tax paid by the enterprise = business and additional tax +
income tax expense.

4.2.4 Control variables
The previous literature has proved that the characteristics of an

enterprise can affect the choice of green innovation. Considering
the timeliness of research studies, this study selects the control
variables from the characteristic and nature of enterprises by
referring to Chen et al. (2022), Zhang et al. (2022), Sun et al.
(2022), and Guo (2022). For characteristics, this study selects the
indicators of the company size (Size), ratio of liability to asset
(LEV), and return on assets (ROA). As for the nature of the
enterprise, this study selects the indicators of equity
concentration (Cncon), proportion of independent directors
(IDR), board size (Boardsize), and includes the property rights
(ROE). The definitions are listed in Table 1.

4.3 Empirical models

Based on the aforementioned theoretical analysis and hypotheses,
this study constructs the following three empirical models to test
hypotheses H1, H2, and H3, respectively:

Greeninnovationit � α0 + α1Greenexperienceit +∑ αjControlsit + εit,

(1)
Greeninnovationit � β0 + β1Greenexperienceit

+β2Treatit*Greenexperienceit
+β3Treatit
+∑ βjControlsit + εit, (2)

Greeninnovationit � γ0 + γ1Greenexperienceit+γ2Burdenit*Greenexperienceit+γ3Burdenit
+∑ γjControlsit + εit. (3)

Greeninnovation represents the green innovation of the enterprise,
Greenexperience represents the CEO’s green ecological experience,
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Treat represents the tax credit rating, Burden represents the tax
burden of the enterprise, Treat*Greenexperience represents the
interaction items between the CEO’s green ecological experience
and the tax credit rating of the enterprise, Burden*Greeninnovation
represents the interaction items between the CEO’s green ecological
experience and the tax burden of the enterprise, and Controls
represents the control variable. α, β, γ are the regression
coefficients, respectively, and ε is the random disturbance term.

5 Empirical analysis

5.1 Descriptive statistics

Table 2 shows the descriptive statistical results. It can be seen that the
mean value of Greeninnovation of enterprises is 0.487 and the standard

deviation is 0.890, indicating that there is little difference in the overall
level of green innovation among companies. The mean credit rating
(Treat) is 0.65, indicating that more than half of the sample is “A-level.” In
addition, theminimum value of Burden is −0.0194, themaximum value is
0.228, and the average value is 0.0338, which means that the average tax
burden of the company in the sample is about 3.4%, while the existence of
negative tax burden indicates that there is tax retention or rebate. The
average value ofGreenexperience is 0.214, indicating that about 20% of the
CEOs have a green ecological experience.

5.2 Correlation analysis

According to the Pearson correlation coefficient matrix, it can be
found that green innovation is positively correlated with the CEO’s green
ecological experience at the significance level of 1%, which preliminarily
indicates that the CEO’s green ecological experience has a significant
promoting effect on green innovation. However, green innovation is
positively correlated with the tax credit rating and the CEO’s green
ecological experience at the significance level of 1%. This preliminarily
indicates that tax credit ratings have a significant positive effect on green
innovation and green ecological experience, while tax burden and green
innovation are negatively correlated at the significance level of 1%,
indicating that tax burden has an adverse effect on green innovation.
In addition, Size, LEV, Boardsize, and ROE of property rights are
significantly positively correlated with Greeninnovation. It is worth
mentioning that IDR, Cncon, and Greeninnovation have no statistical
correlation between the proportion of independent directors and
Greeninnovation. The relevant results are shown in Table 3.

5.3 Regression results

5.3.1 CEO’s green ecological experience and green
innovation

As shown in Table 4, column (1) is the result without adding
control variables, column (2) is the result after adding control variables

TABLE 1 Definition of variables.

Type Variable Definition

Dependent variables Greeninnovation Enterprise green innovation capability = ln (number of green inventions applied independently in the current year + number of
green utility models applied independently in the current year + number of green inventions applied jointly in the current year +
number of green utility models applied jointly in the current year +1)

Independent variables Greenexperience Value = 1, if the CEO has green ecological experience, 0 if not

Moderating variables Treat Value = 1, if the enterprise is “A-level,” 0 if not

Burden Actual taxes paid/business income

Control variables Size Company size = ln (total company assets at end of period)

LEV Ratio of liability to asset = total liabilities/total assets

ROA Return on assets = net profit/total assets

Cncon Equity concentration = the proportion of the largest shareholder

IDR Proportion of independent directors = number of independent directors/numbers of board members

Boardsize Board size = ln (total number of directors)

ROE Property rights, value = 1 if the enterprise is nation-owned, otherwise 0

TABLE 2 Descriptive statistics.

(1) (2) (3) (4) (5)

Variable N Mean Sd Min Max

Greeninnovation 20,585 0.487 0.890 0 3.951

Greenexperience 20,585 0.214 0.410 0 1

Treat 20,585 0.650 0.477 0 1

Burden 20,585 0.0338 0.0384 −0.0194 0.228

Cncon 20,585 0.342 0.147 0.0877 0.740

EOS 20,585 0.334 0.472 0 1

Size 20,585 22.23 1.299 19.98 26.27

Boardsize 20,585 2.115 0.196 1.609 2.639

IDR 20,585 0.377 0.0534 0.333 0.571

Grade 20,585 0.650 0.477 0 1

LEV 20,585 0.411 0.201 0.0580 0.876
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without the fixed year effect, and column (3) is the result after adding
control variables with the fixed year effect. It can be found that the
regression coefficients of the CEO’s green ecological experience are
1.230, 1.200, and 1.196 successively, all of which are significant at the
1% significance level and the coefficients are positive. This shows that
the CEO’s green ecological experience can positively impact the

corporate green innovation. According to column (3), the
regression coefficient of Greenexperience in the case of controlling
years is 1.196, which indicates that CEOs with green ecological
experience enhance 230.69% (ê1.196-1) % on green innovation.
According to the comparison between column (1), (2), and (3),
after adding control variables, the regression coefficient of the

TABLE 3 Pearson correlation coefficient matrix.

|Burden Cncon ROE Size Boards~ IDR Treat |Greene~ LEV Greenin~

Burden 1

Cncon 0.129*** 1

EquityNatu~ 0.072*** 0.224*** 1

Size 0.150*** 0.191*** 0.384*** 1

Boardsize 0.030*** 0.012* 0.257*** 0.271*** 1

IDR 0.00500 0.045*** −0.055*** −0.014** −0.577*** 1

Treat −0.080*** −0.00300 −0.098*** −0.0110 0.015** −0.014* 1

Greenexperience~ −0.00500 0.037*** 0.00300 0.101*** 0.034*** −0.026*** 0.059*** 1

LEV −0.047*** 0.060*** 0.293*** 0.544*** 0.149*** −0.013* −0.094*** 0.067*** 1

Greeninnovation~ −0.125*** 0.00800 0.021*** 0.196*** 0.054*** 0.00900 0.114*** 0.567*** 0.110*** 1

Note: *, **, *** represent the significance levels of 10%, 5%, and 1% respectively.

TABLE 4 Regression results of CEO’s green ecological experience and green innovation.

(1) (2) (3)

Variable Greeninnovation Greeninnovation Greeninnovation

Greenexperience 1.230*** 1.200*** 1.196***

(0.0125) (0.0123) (0.0123)

Size 0.107*** 0.107***

(0.00499) (0.00503)

LEV −0.0120 −0.0145

(0.0300) (0.0301)

Cncon −0.215*** −0.218***

(0.0356) (0.0356)

IDR 0.673*** 0.675***

(0.117) (0.117)

Boardsize 0.120*** 0.120***

(0.0338) (0.0338)

ROE −0.0675*** −0.0669***

(0.0120) (0.0120)

Constant 0.224*** −2.544*** −2.552***

(0.00577) (0.129) (0.129)

Year No No Yes

Observations 20,585 20,585 20,585

R-squared 0.321 0.344 0.347

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and standard errors are in parentheses.
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CEO’s green ecological experience is still relatively stable, which can
verify the validity of H1.

5.3.2 Moderating effect
5.3.2.1 Themoderating effect of tax credit rating on the CEO’s
green ecological experience and corporate green innovation

The regression results are shown in Table 5. Column (4) shows
the moderating effect of the tax credit rating on the CEO’s green
ecological experience and corporate green innovation without
adding control variables, column (5) shows the results after
adding control variables without the fixed year effect, and
column (6) shows results after adding control variables with the
fixed year effect. Regardless of whether control variables are added
or fixed for the year effect, the regression coefficients of the CEO’s
green ecological experience are positive and significant at the 1%
significance level, and the coefficients of interaction terms are also
positive and significant at the 1% significance level. It can be found
that the coefficients of the interaction terms are 0.161, 0.139, and
0.138, respectively, indicating that when the tax credit rating of the

enterprise is “A-level,” the tax credit rating of the enterprise will
positively moderate the relationship between CEO’s green
ecological experience and corporate green innovation. The
reasons may be as follows: first, tax administration is
emphasized by many developing countries (Baker et al., 2021),
and tax credit rating is one of the evaluating criteria for enterprises
to comply with the regulation. “A-level” enterprises show
adaptability to restrictions and constraints, using their own tax
self-inspection system to regulate the process and effectively
respond for taxable preferential policies (Guo, 2022). For this
reason, it can enjoy the tax return by the Chinese tax
department. Second, based on the CEO’s improvement of
corporate green innovation, “A-level” enterprises have
comprehensive management mechanisms. By paying taxes on
time, they have more standardized management mechanisms for
using funds. The tax incentive and financing funds to “A-level”
enterprises reduce the financial constraints and are conducive to
the enterprise to invest sufficient capital into green innovation to
achieve sustainable development (Guo, 2022; Wang et al., 2023a).

TABLE 5 Moderating effects of tax credit ratings on CEO’s green ecological experience and green innovation.

(4) (5) (6)

Variable Greeninnovation Greeninnovation Greeninnovation

Greenexperience 1.109*** 1.094*** 1.090***

(0.0223) (0.0220) (0.0219)

Treat*Greenexperience 0.161*** 0.139*** 0.138***

(0.0268) (0.0264) (0.0264)

Treat 0.119*** 0.124*** 0.133***

(0.0119) (0.0118) (0.0119)

Size 0.102*** 0.104***

(0.00497) (0.00501)

LEV 0.0282 0.0235

(0.0300) (0.0300)

Cncon −0.220*** −0.227***

(0.0354) (0.0354)

IDR 0.660*** 0.659***

(0.117) (0.117)

Boardsize 0.105*** 0.101***

(0.0336) (0.0337)

ROE −0.0537*** −0.0538***

(0.0120) (0.0120)

Constant 0.148*** −2.510*** −2.523***

(0.00949) (0.128) (0.128)

Year No No Yes

Observations 20,585 20,585 20,585

R-squared 0.329 0.352 0.355

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and standard errors are in parentheses.
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5.3.2.2 The moderating effect of tax burden on the CEO’s
green ecological experience and corporate green innovation

Regression results are shown in Table 6. Column (7) shows the
moderating effect of tax burden on the CEO’s green ecological
experience and corporate green innovation without adding control
variables, column (8) shows the result after adding control
variables without the fixed year effect, and column (9) shows
the result after adding control variables with the fixed year
effect. It is found that the coefficients of the CEO’s green
ecological experience are 1.445, 1.410, and 1.407, respectively,
and all are statistically significant at the 1% level. In addition,
the coefficients of the interaction Burden*Greenexperience
are −6.348, −6.493, and −6.500, respectively, which are all
negative coefficients and are significant at the 1% significance
level, indicating that tax burden negatively moderates the
impacts of the CEO’s green ecological experience on the
enterprise’s green innovation, which also verifies H3. For this
reason, this study argues that first, innovation requires
enterprises to dedicate abundant funds to support R&D

continuously (Zeng et al., 2022). Tax burden inflicts financing
pressure on the enterprises, which forces enterprises to consider
economic benefits while ignoring the environmental conflicts
caused by enterprises and thus ignoring the development of
green innovation. Therefore, high tax burden will reversely
moderate the impact of the CEO’s green ecological experience
on green innovation. Furthermore, tax burden will influence the
cash flow of the enterprises as the result revenue of green
innovation cannot directly offset the dedication (Voegtlin and
Scherer, 2017). Although the cash flow can be obtained through
loaning, financing, and other means, it undoubtedly increases the
burden of enterprises. Moreover, although CEOs with green
ecological experience have closed natural connection and may
have a long-term vision of protecting the environment, they
may still insist on the development of the enterprise as it is
related to their performances. Therefore, under high tax burden,
they may neglect the future environmental benefits and thus
neglect the green innovation due to the high uncertainty and
complexity of green innovation (Wang and Yu, 2021).

TABLE 6 Moderating effects of tax burden on CEO’s green ecological experience and green innovation.

(7) (8) (9)

Variable Greeninnovation Greeninnovation Greeninnovation

Greenexperience 1.445*** 1.410*** 1.407***

(0.0161) (0.0158) (0.0158)

Burden*Greenexperience −6.438*** −6.493*** −6.500***

(0.312) (0.309) (0.308)

Burden −1.388*** −1.953*** −1.985***

(0.148) (0.149) (0.149)

Size 0.131*** 0.133***

(0.00494) (0.00499)

LEV −0.134*** −0.141***

(0.0296) (0.0297)

Cncon −0.129*** −0.134***

(0.0348) (0.0348)

IDR 0.523*** 0.520***

(0.109) (0.109)

Boardsize 0.128*** 0.124***

(0.0328) (0.0328)

ROE −0.0937*** −0.0943***

(0.0118) (0.0118)

Constant 0.271*** −2.957*** −2.968***

(0.00756) (0.125) (0.125)

Year No No Yes

Observations 20,585 20,585 20,585

R-squared 0.350 0.378 0.381

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and standard errors are in parentheses.
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5.4 Robustness test

To verify the reliability of the aforementioned regression results,
this study adopts the selection of subsamples and endogeneity tests to
carry out the robustness test.

5.4.1 Selected subsamples
As the tax burden is one of the factors influencing enterprise green

innovation, the macro tax burden of Chinese industries presents a
distribution structure of “the middle stream stands the largest
percentage, and the upstream and downstream industries take a
relatively small proportion.” Based on the value chain theory, this
study adopts the definition of the middle downstream industries of the
value chain by Yao et al. (2022) and selects the upstream and

downstream industries, respectively, according to different tax
burden rates of the industries. The regression results are shown in
Table 7.

It can be found that the coefficients of the CEO’s green
ecological experience in columns (10), (11), (12), and (13) are
1.091, 1.087, 1.393, and 1.389, respectively, all of which are
significant at the significance level of 1%. This indicates that H1
is robust. In addition, the interaction term Treat*Greenexperience
coefficient in the following results is also significant at the
significance level of 1%, and the coefficient is positive regardless
of the fixed year effect, which also proves H2. Similarly, the
coefficient of Burden*Greenexperience is negative, which is
significant at the significance level of 1%. This indicates that H3
is a robust result.

TABLE 7 Subsampled regression.

(10) (11) (12) (13)

Variable Greeninnovation Greeninnovation Greeninnovation Greeninnovation

Greenexperience 1.091*** 1.087*** 1.393*** 1.389***

(0.0232) (0.0232) (0.0171) (0.0171)

Treat*Greenexperience 0.116*** 0.115***

(0.0280) (0.0280)

Treat 0.122*** 0.129***

(0.0124) (0.0125)

Burden*Greenexperience −6.618*** −6.631***

(0.345) (0.344)

Burden −1.874*** −1.895***

(0.163) (0.163)

Size 0.0868*** 0.0875*** 0.114*** 0.115***

(0.00523) (0.00527) (0.00521) (0.00526)

LEV −0.00757 −0.0104 −0.137*** −0.142***

(0.0316) (0.0316) (0.0310) (0.0311)

Cncon −0.273*** −0.278*** −0.184*** −0.189***

(0.0374) (0.0374) (0.0368) (0.0368)

IDR 0.819*** 0.815*** 0.704*** 0.702***

(0.117) (0.116) (0.114) (0.114)

Boardsize 0.204*** 0.201*** 0.223*** 0.221***

(0.0352) (0.0352) (0.0346) (0.0346)

ROE −0.0207 −0.0200 −0.0673*** −0.0671***

(0.0127) (0.0127) (0.0125) (0.0125)

Constant −2.426*** −2.440*** −2.846*** −2.860***

(0.134) (0.134) (0.132) (0.132)

Year No Yes No Yes

Observations 17,473 17,473 17,473 17,473

R-squared 0.349 0.352 0.374 0.377

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and standard errors are in parentheses.
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5.4.2 Endogeneity test
To solve the endogeneity problem caused by missing variables, this

study adopts the fixed individual control effect to test the endogeneity. The
regression results are shown in Table 8. Columns (15) and (17) used the
fixed individual and year effect, while columns (14) and (16) used the fixed
individual effect. In the four scenarios, the positive impact of the CEO’s
green ecological experience on green innovation is significant at the
significance level of 1%, the interaction coefficient between the tax credit
rating and CEO’s green ecological experience is positive, and it is significant
at the 10% significance level, while the interaction term between tax burden
and CEO’s green ecological experience is negative and significant at the 1%
significance level, which indicates that there is no endogeneity problem
caused by missing variables, and the result is still robust.

5.4.3 SYS-GMM method
This study uses SYS-GMM method proposed by Blundell and

Bond (1998) to verify the results. Table 9 shows the SYS-GMM
regression results. It is seen that the p-value of AR (1) in columns
(18) and (19) are both below 0.1. The p-value of AR (2) is above 0.1,
which means the disturbance terms are not correlated. Additionally,
the p-values of Hansen test columns (18) and (19) are all above 0.1 and
below 0.25. For this analysis, the results are valid. In column (19),
Burden*Greenexperience is significant at the significance level of 1%.
In column (18), Treat is significant at the level of 5%.
Treat*Greenexperience and Burden are significant at the
significance level of 10%. According to the regression results, it is
seen as robust.

TABLE 8 Fixed individual effects results.

(14) (15) (16) (17)

Variable Greeninnovation Greeninnovation Greeninnovation Greeninnovation

Greenexperience 0.627*** 0.618*** 0.756*** 0.746***

(0.0251) (0.0248) (0.0222) (0.0219)

Treat*Greenexperience 0.0517* 0.0499*

(0.0271) (0.0268)

Treat −0.00704 0.000100

(0.00900) (0.00910)

Burden*Greenexperience −2.862*** −2.861***

(0.365) (0.361)

Burden 0.0424 −0.0398

(0.162) (0.162)

Size 0.0301*** 0.0146 0.0340*** 0.0205*

(0.0112) (0.0127) (0.0109) (0.0123)

LEV −0.0168 0.0144 −0.0450 −0.0163

(0.0434) (0.0440) (0.0428) (0.0433)

Cncon −0.160** −0.133 −0.149* −0.127

(0.0802) (0.0832) (0.0795) (0.0827)

IDR 0.177 0.166 0.127 0.117

(0.196) (0.197) (0.195) (0.196)

Boardsize −0.0285 −0.0192 −0.0229 −0.0149

(0.0606) (0.0601) (0.0601) (0.0596)

ROE −0.0609 −0.0412 −0.0790** −0.0590

(0.0386) (0.0386) (0.0389) (0.0390)

Constant −0.244 0.0256 −0.314 −0.0758

(0.306) (0.333) (0.303) (0.326)

Year No Yes No Yes

Id Yes Yes Yes Yes

Observations 20,585 20,585 20,585 20,585

R-squared 0.211 0.226 0.217 0.232

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and standard errors are in parentheses.
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6 Conclusion, implications, and
limitations

6.1 Conclusion

This study takes the A-stock market enterprise from 2014 to 2020 as
the research sample. From the perspective of green innovation, it explores
whether the CEO’s green ecological experience can positively affect green
innovation and explores the moderating effect of tax credit rating and tax
burden. The results show that the CEO’s green ecological experience can

improve corporate green innovation. The reason may be that the
leadership characteristics of the CEO and the stronger affinity for
nature lead enterprises to be more inclined to take measures to
protect the environment (Hambrick and Mason, 1984; Evans et al.,
2018; Deville et al., 2021). In addition, the “A-level” enterprises have
high allowance and enjoy tax incentives to invest more in scientific
research funds for corporate green innovation through effective financing
means and reducing the cost of the corporate working capital (Sun and
Lei, 2019; Guo, 2022; Sun, 2022). Because of that, tax credit ratings can
positively moderate the relationship between the CEO’s green ecological

TABLE 9 SYS-GMM regression results.

(18) (19)

Greeninnovation Greeninnnovation

L.Greeninnovation −0.202*** −0.150***

(0.042) (0.045)

Greenexperience 3.041*** 3.491***

(0.408) (0.213)

Treat*Greenexperience 0.992*

(0.591)

Treat 0.329**

(0.140)

Burden*Greenexperience −38.252***

(3.692)

Burden 4.838*

(2.693)

Size −0.045 0.063

(0.038) (0.047)

LEV 0.056 −0.322

(0.288) (0.478)

Cncon 0.141 0.699

(0.503) (0.577)

IDR −0.583 5.848*

(3.993) (3.427)

Boardsize −0.470 2.136

(0.973) (1.306)

ROE −0.038 −0.591***

(0.104) (0.219)

Constant 2.025 −8.107**

(3.265) (3.405)

Obs. 16623 16623

AR 1) (p-value) 0.000 0.000

AR 2) (p-value) 0.237 0.713

Hansen test (p-value) 0.182 0.130

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and standard errors are in parentheses.
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experience and green innovation. This result is put forward based on the
fact that the tax credit rating is beneficial to corporate social reputation,
enterprises’ financing level, and cash-holding level (Sun and Lei, 2019;
Guo, 2022). Furthermore, tax burden may reversely moderate the
relationship between CEO’s green ecological experience and green
innovation. The reason is that tax burden causes financial restraints
for enterprises as the revenue may be received in the long-term and
cannot be directly return (Voegtlin and Scherer, 2017;Wang et al., 2023a).
Due to the high complexity of green innovation, enterprises may take the
green innovation decision into account seriously (Wang and Yu, 2021).

6.2 Implications

The implications of this study for the government and enterprises
are as follows.

First of all, when the enterprises need to innovate the corresponding
national green policies and global guidelines, CEOs with green ecological
experience will create the affinity for the environment through the influence
of CEOs on employees and implement long-term strategies to achieve
sustainable development and improve the corporate image. Furthermore,
enterprises should strengthen the awareness of green development, create a
culture of environmental protection, and enhance the sense of closeness
between employees and nature to achieve long-term and sustainable
development of enterprises. Furthermore, enterprises should be fully
aware of the role of taxes during the corporate operation. In the process
of tax payment, enterprises should pay corporate tax in accordance with the
formal procedures on time and in sufficient quantity to get an “A-level” tax
credit rating so that they can improve their reputation and gain more
external financing. By taking these actions, enterprises can invest more
funds in green innovation to correspond to the national green policies,
strengthen the corporate image globally, meet the global requirement, and
achieve green and high-efficiency development. Additionally, CEOs with
the ecological experience should effectively manage the process of tax
payment. This is to increase the tax credit rating level and control a
moderate tax burden for the enterprise. As the tax credit rating level rises
and the tax burden is controlled, the enterprise enjoys more tax incentive
and is willing to devote more funds for future R&D voluntarily. This will
improve the corporate image and corporate social responsibility. Finally, the
government needs to maintain a reasonable tax rate. On one hand, a
reasonable tax burden rate is a sufficient condition for enterprises to
maintain a high working capital. On the other hand, a reasonable tax
burden rate is conducive to the long-term development of enterprises and
conducive for enterprises to voluntarily undertake tax obligations. In
addition, the government can increase the reward for green innovation
patents and vigorously support enterprises to carry out green innovation
while maintaining a reasonable tax burden rate, which provides incentives
for enterprises and helps them use surplus funds for green innovation.
Moreover, the government should carry out education and publicity on
environmental protection so that enterprises can realize the benefits of green
innovation and actively carry out R&D.

6.3 Limitations and further study

The limitations of this study are as follows: 1) corporate green
innovation is composed of many aspects. This study uses the applied
green patents as indicators, but it does not include all dimensions of green
innovation, so it may need to bemeasured comprehensively. In the future,
more comprehensive indicators can be used to measure green innovation.
2) This study only focuses on Chinese samples and fails to explore the
developed countries and emerging entities; further research studies may
be taken to test if the conclusions are suitable for those areas.
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