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Abstract: The green innovation of family enterprises under environmental regulation is essentially the
balance between emotional benefits and emotional costs, which manifests as the reputation incentive
and risk aversion, respectively. The reputation incentive refers to inheriting extended social–emotional
wealth, and risk aversion means maintaining constrained social–emotional wealth. Based on the
theoretical framework of social–emotional wealth, this paper selects 3006 family enterprises in China
from 2015 to 2020, establishes a panel model of fixed effects, and discusses the impact of environmental
regulation on the green innovation efficiency in family enterprises from the perspective of family
involvement. The findings indicate that command-based environmental regulation promotes green
innovation efficiency in family enterprises, while market-based environmental regulation inhibits the
green innovation efficiency of family enterprises. The involvement of family ownership strengthens
the positive effect of command-based environmental regulation on green innovation efficiency,
while the involvement of family management rights strengthens the negative effect of market-based
environmental regulation on green innovation efficiency. Through mechanism analysis, it is found
that command-based environmental regulation promotes green innovation efficiency in family
enterprises through reputation incentives, while market-based environmental regulation reduces
the green innovation efficiency of family enterprises by avoiding risks. Further analysis shows that
high-competition and high-pollution industries are more significantly affected by the relationship
between them. Therefore, this paper proposes improvements to green innovation efficiency in
family enterprises based on the adjustment of four aspects: improving the risk management level,
consolidating family control, increasing the shareholding ratio of nonfamily shareholders, and
giving full play to the role of reputation incentives to achieve the sustainable development of family
enterprises. Furthermore, we strive to contribute to the realization of the dual carbon goals and the
United Nations Sustainable Development Goals (SDGs).

Keywords: environmental regulation; family involvement; green innovation efficiency; reputation
and risk; social–emotional wealth

1. Introduction

As the economy enters the stage of double-cycle high-quality development, China is
striving to achieve sustainable development of ecology and the economy. The Fifth Plenary
Session of the 18th CPC Central Committee put forward the new development concept of
“innovation, coordination, green, openness and sharing”. Green refers to the requirement
of protecting the environment and saving resources. Innovation promotes institutional
change by changing potential profits [1]. Green innovation is the combination of both
the aforementioned development concepts. On 25 September 2015, 193 member states of
the United Nations formally adopted 17 Sustainable Development Goals (SDGs) at the
Sustainable Development Summit, aiming to thoroughly solve the development problems
in the three dimensions of society, economy, and environment in a comprehensive way
between 2015 and 2030, and turn to the path of sustainable development. The 19th National
Congress of the Communist Party of China proposed the implementation of the strictest
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possible ecological and environmental protection systems and the establishment of a market-
oriented system for green technology innovation. In 2020, the Guiding Opinions on Building
a Modern Environmental Governance System made a clear commitment to improving the
corporate responsibility system and began the construction of the responsibility system for
environmental governance; additionally, they set the long-term goal of “widely forming a
green way of production and life, driving carbon emissions to stabilize and reduce after
reaching the peak”. It can be seen that green innovation is an important link to achieve
a “win-win” situation between enterprise competitiveness and environmental protection
(Qi Shaozhou and Xu Jia, 2018) [2], which means the implementation and development
of innovations that minimize environmental and social damage; finally, it will produce
economic improvements (Jacob Guinot et al., 2022) [3]. Its practice and report will improve
the performance of enterprises’ sustainable development goals (Khan, P.A. et al., 2021) [4].

Since green innovation itself has significant “dual externalities”, it is difficult to opti-
mize the allocation of environmental resources by relying on the market. Therefore, it is
necessary to improve the effectiveness of policy tools while relying on various mechanisms
to play a role [5]. Environmental regulation, as a way for the government to regulate
environmental pollution socially, is the mandatory screening of “cleaning up pollution” for
enterprises (Jin Bei, 2009) [6]. Environmental regulation not only internalizes environmental
externalities but also changes the way resources are allocated. Technological change and
institutional change are the keys to social and economic evolution, and both of them are
path-dependent and directly, or indirectly, shape performance through external effects [7].
Environmental regulation is the external institutional change for solving environmental
problems, while green innovation is the internal technological change for promoting indus-
trial transformation and upgrading. Through dual drives, family enterprises can achieve
sustainable development of the environment. As shown in Figure 1, China’s investment
in industrial pollution control increased significantly from 2011 to 2014, then fluctuated
and declined after 2015. As shown in Figure 2, the number of environmental punishment
cases in China has increased significantly since 2015, and the overall performance of the
environmental proposals of the “two sessions” is relatively stable. This shows that in recent
years, environmental regulation with the government as the main body has gradually
strengthened, environmental regulation with the market as the main body has gradually
weakened, and environmental regulation with the public as the main body has remained
stable. From the perspective of the changing supervision strength of different regulatory
subjects, environmental regulation is bound to have an important impact on the green
innovation in enterprises.
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Figure 1. Investment in China’s industrial pollution from 2011 to 2020.
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Figure 2. Environmental punishment cases and environmental proposals of the “Two Sessions” in
China from 2011 to 2020.

As a special form of business organization, family enterprises can more actively
transform environmental policies into innovation and corporate performance (Craig J and
Dibrell C, 2006) [8]. The family regards enterprises as a tool to protect the environment
and benefit future generations, so it regards green innovation as the source of business
opportunities and competitive advantages, rather than nonfamily enterprises as the need
to retain market share and customers, and lags behind family enterprises in identifying
opportunities (Dangelico R M, 2019) [9]. Specifically, green innovation in family enterprises
has the dual attributes of environmental protection and innovation, and faces the dual
pressures of environmental protection and innovation (Ma Jun et al., 2020) [10]. On one
hand, family enterprises are relatively conservative, have high organizational commitment
to traditional products, and tend to avoid risks. On the other hand, family enterprises
pay more attention to noneconomic goals. Their long-term strategic vision and patient
capital, as well as the symbiotic development concept of bringing benefit to surrounding
communities, are consistent with the long-term commitment to environmental protection
and pay more attention to environmental protection issues. As an old family enterprise
of printing and dyeing, Fu Shengda promotes green development with technological
innovation. While gradually developing self-operated export fabrics and taking the road
of brand development, we have also increased investment in energy conservation and
emission reduction to improve the ecological effect. It can be seen that family businesses
are realizing the transformation, upgrading and sustainable development of traditional
industries in a green and innovative way, and moving towards the goal of “100 year
heritage”. Family involvement represents the ability of family to intervene in business
decision making, and reflects the governance will of family owners (Zhou Weizhong and
Zhao Jinlong, 2017) [11]. As the embedded subject of the unique social organization in the
enterprise organization, the family may have different social responsibility consciousness
and efficiency due to different dimensions and contents involved.

Based on different situations of family involvement, the text analysis method and
empirical analysis method are comprehensively used to study the impact of environmental
regulation on the green innovation efficiency in family enterprises, so as to achieve the
sustainable development of family enterprises and strive to contribute to the realization of
the dual carbon goals and the United Nations Sustainable Development Goals (SDGs). This
paper is divided into eight parts: introduction, literature review, theoretical analysis and
research hypothesis, research design, empirical results and analysis, mechanism analysis,
heterogeneity analysis, conclusions, and suggestions.
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2. Literature Review

This paper classifies the existing literature from three aspects: environmental regula-
tion tools, green innovation efficiency, and green innovation of family enterprises. The first
category focuses on environmental regulation tools. On one hand, it mainly discusses the
impact differences of the three environmental regulation tools. Zhang JX et al. (2020) [12]
found that market-based and public-based environmental regulation can more effectively
stimulate green innovation than command-based environmental regulation. Fan Dan and
Sun Xiaoting (2020) [13] believed that market-based environmental regulation shows a
linear to nonlinear transition when it exceeds the threshold, and has a significant role in
promoting green technology innovation, while imperative environmental regulation has no
significant role in promoting green technology innovation. Wu lei (2020) [14] analyzed two
aspects of cost and benefit compensation; public-based and market-based environmental
regulation in the short term inhibit green growth in total factor productivity, and in the long
term, promote green growth in total factor productivity, but the effects of command-based
environmental regulation on green total factor productivity growth are not obvious.

On the other hand, in terms of specific environmental regulation tools, Harrison et al.
(2015) [15] believed that India’s mandatory environmental regulation not only did not
reduce pollution, but also reduced its total factor productivity. Hu Jun et al. (2020) [16]
The carbon-emission-trading mechanism based on market incentives shows that market-
based environmental regulation can promote technological innovation of enterprises. Zhao
Xiaomeng et al. (2021) [17] assessed from the perspective of environmental nongovern-
mental organizations that informal environmental regulation represented by the public has
induced urban innovation.

As for other types of environmental regulation tools, Zhang Ping (2016) [18] compared
cost-based environmental regulation with investment-based environmental regulation,
which produced a “crowding out effect” and “incentive effect” on enterprise technological
innovation. Li Qingyuan and Xiao Zehua (2020) [19] used pollution charge and environ-
mental protection subsidies as heterogeneous environmental regulation tools to affect green
innovation in enterprises, which are shown as a “backward forcing effect” and “crowding
out effect”, respectively. Chen Yuke et al. (2021) [20] found that the impact of environmental
regulation tools such as direct regulation, economic incentives, and public participation on
green technology innovation in enterprises has significant differences in different regions.

The second category needs to consider the externalities of economy and environment
at the same time as green innovation efficiency. Huang Qinghua et al. (2018) [21] confirmed
that there is a two-way dynamic relationship between environmental regulation and
productivity. They believed that, in the long run, environmental policies not only did
not promote the sustainable growth of green total factor productivity, but also induced
enterprises to improve their polluting economic output. Yang Y and Wang Y (2021) [22]
showed that there are significant regional differences in the green innovation efficiency of
China’s industrial enterprises, among which the environmental regulation in the eastern
region has a U-shaped relationship with the green innovation efficiency. Huang Suyu et al.
(2022) [23] found that the environmental protection tax policy is conducive to improving
the green innovation efficiency of enterprises in heavy pollution industries.

The third category, from the perspective of green innovation in family enterprises,
mainly refers to external interests and internal social–emotional wealth. Dangelico R M et al.
(2019) [9] used the multi-case-study method; a sample study was conducted on 14 small
enterprises (7 family enterprises and 7 nonfamily enterprises) engaged in the agricultural
food industry in Italy. It was found that there were obvious differences between family
enterprises and nonfamily enterprises in green innovation motivation, pressure, and the
green innovation concept. Ma Jun et al. (2020) [10] found that family enterprises have
a stronger green innovation tendency due to the preservation motivation of extended
social–emotional wealth and the drive of external institutional pressure. Lv Feifei et al.
(2020) [24] believed that the industry-leading family enterprises used an external driving
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force and internal redundant resources to implement green innovation, so as to obtain
legitimacy and long-term development orientation.

The current literature only focuses on the motivation of green innovation in family
enterprises, but has not yet deepened the theoretical connotation and logical framework to
analyze the green innovation in family enterprises under environmental regulation. There-
fore, this paper attempts to integrate emotional benefits and emotional costs with reputation
and risk as the core, build a theoretical analysis framework of social–emotional wealth, and
explore the relationship between environmental regulation and green innovation efficiency
in family enterprises. Considering that the intervention of family involvement will affect
the decision making, it studies how to affect the relationship between them from the two
dimensions of ownership and management involvement. The research contributions of
this paper are as follows: First, this paper innovatively integrates emotional benefits and
emotional costs with reputation and risk as the core, constructs a theoretical analysis frame-
work of social–emotional wealth, and fills the theoretical gap between social–emotional
wealth and green innovation in family enterprises. Second, this paper focuses on the hetero-
geneity of family enterprises and tries to explain the green innovation efficiency in family
enterprises under environmental regulation from the perspective of reputation and risk
governance. Third, this paper further considers the intermediary role of reputation and risk
mechanism to reflect how environmental regulations affect the green innovation efficiency
in family enterprises. In the future, this paper will focus on the impact and involvement of
public environmental regulation to make up for the lack of existing research.

3. Theoretical Analysis and Research Hypothesis
3.1. Theoretical Analysis

As a kind of special goods which are neither private nor public, it is difficult to deter-
mine the property right and price environmental resources. The existence of environmental
externalities leads to market failure. Individuals or enterprises with economic behaviors
will not take the initiative to regulate the environment, so it is necessary to strengthen envi-
ronmental regulations. Pigou [25] emphasized the solution of environmental externalities
through government intervention, and Coase [26] further strengthened the internalization
of environmental externalities through the market transaction mechanism. If environmen-
tal damage has externalities, the market itself cannot reach this optimal level, and policy
formulation may play a role [5]. As a resource, the “system” is scarce, and its arrangement
or allocation has an efficiency problem [27]. The government improves resource allocation
through regulation to correct market failure. Many of the externalities under common
and state-owned property rights are internalized under private property rights, creating
incentives to use resources more efficiently [1]. However, regulatory policies, as an alterna-
tive to market forces, are not always able to achieve their goals, and are usually not fully
understood. The formulation process is time-consuming and arbitrary, and they are often
manipulated for political purposes unrelated to their original intention [28]. Command-
based and market-based environmental regulations are typical policies adopted by the
government to control environmental resources.

What is the green innovation efficiency of family firms under command-based and
market-based environmental regulations? This paper tries to fuse the emotional benefit and
cost with reputation and risk as the core, and constructs the theoretical analysis framework
of social–emotional wealth. Emotional benefit and emotional cost not only run through
different stages of intergenerational inheritance in family enterprises (Xu Yongbin, Hui
Nanan, 2013) [29], but also should be considered in specific behavioral choices, which con-
forms to the importance principle of cost-effectiveness. Zellweger and Astrachan (2008) [30]
explained emotional benefits and costs with positive feelings and negative feelings. In
this paper, reputation was taken as the positive feelings of emotional benefits and risk was
taken as the negative feelings of emotional costs to explain the green innovation in family
enterprises under environmental regulations. In the process of green innovation, family
enterprises need to give full consideration to reputation and risk. Reputation is an important
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factor affecting the value of human capital (Fama, Jensen, 1983) [31], and risk is a key
factor affecting innovation decisions (Li J., Tang Y., 2010) [32]. Under the command-based
environmental regulation, family enterprises pay attention to the development of external
interests with the government, and establish a good family reputation and corporate image.
Under market-based environmental regulations, family enterprises try to avoid the risk of
fierce market competition and reduce the loss of high-risk green innovation investment.
Miller and Breton-Miller (2014) [33] divide social–emotional wealth into constrained and
extended types. The former emphasizes the narrow and highly centralized short-term
interests of maintaining family control, while the latter focuses on the long-term interests
and cooperation of family intergenerational transmission. In contrast to the emotional
benefits and costs centered on reputation and risk, it is obvious that reputation incentive,
as the social capital of family enterprises, is to better inherit the extended social–emotional
wealth and realize the immortality of family enterprises. Risk avoidance is to consolidate
constrained social–emotional wealth and avoid the loss of social–emotional wealth caused
by excessive risks in market research and development. With the involvement of family
control and management, the incentive motivation and risk aversion level of reputation are
amplified, and family owners strive to maintain the interests related to family reputation
(Faccio, 2006) [34]. In order to maximize the utility of family members, family managers tend
to avoid more risks (Gonzalez M et al., 2013) [35], and finally change the green innovation
efficiency in family enterprises with the goal of inheriting extended social–emotional wealth
and consolidating constrained social–emotional wealth. This paper argues that the green
innovation of family enterprises under environmental regulation is essentially a trade-off
between emotional benefit and emotional cost, which is manifested as reputation incentive
and risk avoidance. Reputation incentive is to inherit extended social–emotional wealth,
while risk avoidance is to maintain constrained social–emotional wealth.

Based on the above analysis, the theoretical framework constructed in this paper is
shown in Figure 3.
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3.2. Research Hypothesis

Command-based environmental regulation emphasizes the control of enterprises’
pollution behavior by administrative means, and requires the government to rely on its
decision-making ability to set reasonable environmental regulation standards to play an
effective regulation effect, such as the government’s setting of pollution emission standards.
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The imperative environmental regulation takes reputation as its core element, which is man-
ifested in three aspects. The first is family reputation. Managers of family enterprises have
a natural emotional connection with shareholders, and their green innovation behavior
is always spontaneous. They pay more attention to the protection of the family’s social–
emotional wealth, and establish a positive family reputation and corporate image. The
second is public reputation. Family enterprises can implement differentiated standards ac-
cording to government regulations and provide differentiated green products to the public,
which is conducive to improving credibility and recognition; finally, it will gain sustainable
competitive advantages. The third is external reputation. Family enterprises actively build
lasting relationships and common benefits with external stakeholders (Berrone P et al.,
2010) [36] in order to obtain regulatory legitimacy (Chang K H, Gotcher D F, 2020) [37].
A good reputation enhances the image of family enterprises of stakeholders, so family
enterprises try to reduce pollution levels and improve the efficiency in green innovation.

Market-based environmental regulation mainly relies on market competition and price
mechanisms to achieve the optimal allocation of governance resources, such as the market
transaction of emission rights. Market-based environmental regulation takes risk as its
core element, which is embodied in three aspects. The first is market risk. Market risk is
brought by price and supply demand changes, and families are more willing to reduce
market risk in order to continue social–emotional wealth (Zellweger et al., 2012) [38]. The
second is research and development risk. The research and development activities of green
innovation are characterized by long-term and irreversibility, and are faced with high cost,
resource constraint and failure risk. Green innovation is a high-risk investment, and the
high innovation input and the uncertainty of R&D products will inevitably bring greater
innovation risks to family enterprises. The third is disclosure risk. The second serious
agency problem caused by the “trench effect” generally exists. In the market competition,
green innovation will disclose more family insider information to the public, which harms
the vested interests of the controlling family to some extent. The existence of risks urges
family enterprises to pay more attention to the maintenance of social–emotional wealth, so
family enterprises are more inclined to reduce the efficiency in green innovation. Therefore,
the hypothesis is proposed:

H1a: Command-based environmental regulation is positively correlated with green innovation
efficiency in family enterprises.

H1b: Market-based environmental regulation is negatively correlated with green innovation effi-
ciency in family enterprises.

Under different family involvement modes, environmental regulation has different
impacts on the green innovation efficiency in family enterprises. The main reason is
that the family enterprises themselves are a contradictory unit full of different demands,
which will not only make long-term investment in pursuit of lasting foundation [33],
but also show preference for ownership and management rights (Zata Poutziouris P,
2001) [39]. The involvement of family ownership leads to the increase in family members’
control rights. In order to better inherit extended social–emotional wealth, family members
take family reputation, long-term orientation, and the interests of internal and external
stakeholders into account as the primary goal. Therefore, the family members’ intention
of inheritance may be realized by actively improving the efficiency of green innovation.
Family management involvement led to closer emotional ties between managers and family
enterprises, the management has the motive of risk aversion, tend to choose the innovation
of the conservative strategy (John K., 2008) [40], so it may reduce risk by lowering the green
innovation efficiency, to better maintain constrained social–emotional wealth. Therefore,
the hypothesis is proposed:

H2a: Family ownership involvement positively moderates the impact of environmental regulations
on the green innovation efficiency of family enterprises.
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H2b: Family management involvement negatively moderates the impact of environmental regula-
tions on the green innovation efficiency of family enterprises.

Based on the above analysis, this paper constructs an empirical framework as shown
in Figure 4.
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4. Research Design
4.1. Data Sources

Considering that the new Environmental Protection Law was officially implemented
on 1 January 2015, the law enforcement and supervision were more strict, and the impact
of environmental regulation was more obvious. At the same time, the environmental
regulation data in the statistical yearbook had reached the end of 2020. Therefore, taking
2015 to 2020 as the research interval, this paper collected 3006 family enterprises listed
in Shanghai and Shenzhen A shares, a total of 13,039 research samples. The national
environmental regulation indicators are matched according to “year-city-enterprise”. In
order to ensure the reliability of the data, in this paper, we screened the data as follows:
(1) 13,654 research samples were selected from family businesses in the research interval;
(2) we excluded ST, * ST, and SST companies with abnormal operating conditions during
the sample period; (3) all continuous variables were winsorized by 1% and 99%, and cluster
clustering standard error was conducted at the enterprise level to reduce heteroscedasticity.
A total of 13,039 research samples were obtained between 2015 and 2020. The environmental
regulation indicators in this paper were from the China Statistical Yearbook and China
Environmental Statistical Yearbook, and the data of green innovation efficiency and other
family businesses were from the CSMAR database. Excel, deap2.1, Python, and Stata16.0
software were used for empirical analysis.

4.2. Variable Selection

Green innovation efficiency in family enterprises. This paper constructs the index sys-
tem of green innovation efficiency in family enterprises (Table 1), in which input indicators
are measured from three aspects of human resources, capital, and resources, and output
indicators are measured from two aspects of expected output and unexpected output. The
DEA method is adopted for calculation.

Environmental regulation: Command-based environmental regulation: the words
related to the word “environmental protection” in the local government work report were
crawled through Python text, and the word frequency by city was counted. Market-based
environmental regulation: in order to exclude the impact of regional industrial scale, the
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investment in industrial pollution control completed by provinces/added value of the
secondary industry were selected to measure.

Table 1. Indicators of green innovation efficiency in family enterprises.

Primary Indicators The Secondary Indicators Indicators Show

Input indicators

Manpower: full-time equivalent of R&D
personnel

R&D personnel at year-end
(ten thousand)

Capital: internal expenditure of R&D
expenditure

R&D capital stock
(CNY ten thousand)

Resources: Total energy consumption Total Energy Consumption
(ton of standard coal)

Output indicators

Expected output:
R&D results Number of patents granted (pieces)

Economic transformation Sales revenue of new products (CNY ten
thousand)

Unexpected output:
Industrial wastewater COD discharge of industrial wastewater (ton)

Sulfur dioxide Sulfur dioxide emissions (ton)

Family involvement: this paper is based on whether the chairman of the board position
is held by a family member and whether the general manager position is held by a family
member as the judgment standard of family involvement.

Reputation value: This paper draws on the research of Etter et al. (2018) [41], and the
analysis of reports based on news media is the source of judgment. Reputation value uses
the emotional tendency analysis of media reports to judge whether corporate behavior
conforms to social norms and customs. The media reports are divided into three categories:
positive, neutral, and negative, and these data are processed by computer technology.
Using the Janis Fadner coefficient, the range of this coefficient is (−1, 1), where 1 represents
all positive coverage; the closer to 1, the higher the reputation value; −1 represents all
negative coverage; the closer to −1, the lower the reputation value; and 0 represents the
balance between the two.

J-Fcoefficient =


e2−ec

t2 e > c
0 e = c

− ec−e2

t2 e < c

e is the total number of positive media reports, c is the total number of negative media
reports, and t is the total number of reports.

Risk-undertaking level: This paper uses the measurement method of John K et al.
(2008) [40] for reference, and uses the earnings return volatility index to calculate enterprise
risk bearing. The greater the volatility of earnings return rate, the more high-risk projects
enterprises engage in, and the stronger their risk bearing level. Risk is the standard
deviation of the adjusted ROA of each company, taking every five years as an observation
period (t − 2 years to t + 2 years). The specific calculation formula is as follows:

Riskit =

√√√√ 1
T−2

T

∑
t=1

(
ROAi,t −

1
T

T

∑
t=1

ROAi,t

)2

|T = 5

Control variables: In this paper, growth, financial leverage, profitability, and other
aspects are considered as control variables, and fixed effects of year and industry are
controlled. The description of variables in this paper is shown in Table 2.
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Table 2. Specific description of each variable.

Variable Name Abbreviation Definitions

Dependent variable Green innovation efficiency in
family enterprises GIE

The TF value measured by the index
system was constructed using the

DEA method

Independent variable
Command-based

environmental regulation GOV-ER
Frequency of words related to

“environmental protection” in local
government work report

Market-based
environmental regulation Market-ER

Investment in industrial pollution
control completed by

provinces/Added value of secondary
industry

Moderating variable

Family ownership
involvement OI

Whether the chairman position is
held by a family member, “actual
controller” is recorded as “1” and

“non actual controller family member”
is recorded as “2”, otherwise it is

recorded as 0

Family management
involvement MI

Whether the manager is held by a
family member, “actual controller” is

recorded as “1”, “non actual
controller family member” is

recorded as “2”, otherwise it is
recorded as 0

Intermediary variable

Reputation value Reputation J-F coefficient of media evaluation

Risk-undertaking level Risk
Take every five years as an

observation period, and calculate the
adjusted ROA in a rolling manner

Control variables

The joining together of two
jobs Duality “Yes” is marked as “1”, otherwise

marked as “0”

Ownership concentration OC Shareholding ratio of the largest
shareholder

Proportion of actual controller
with control right CON

Proportion of control rights of listed
companies owned by all actual
controllers of family members

Separation rate of two weights Wedge Actual controller ownership
ratio/control ratio

Financial leverage Debt Asset–liability ratio

Equity ratio ER Total liabilities/total owners

Management expense rate MFR Administrative expenses/operating
income

Profitability ROE Return on equity

Return on investment rate ROI

(Net profit + financial
expenses)/(Total assets-current

liabilities+notes payable+short-term
borrowings+long-term liabilities due

within one year)

Net interest rate of total assets ROA Net profit/total assets

TobinQ TQ Market value/total assets

The enterprise increasing Growth Growth rate of operating income

Profit margin of main business PMB Operating profit
/operating income

Basic earnings per share EPS Net profit/total equity
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Table 2. Cont.

Variable Name Abbreviation Definitions

Dividend distribution ratio DIV

Pre-tax dividend per share/
(Net profit value in the current

period/paid in capital value at the
end of the current period)

Year Year Annual dummy variable

Industry Industry Industry dummy variable

4.3. Model Setting

In order to test hypothesis 1 on the impact of environmental regulation on the green
innovation efficiency in family enterprises, this paper constructs benchmark regression
models (1) and (2), which reflect the impact of command-based and market-based environ-
mental regulation on the green innovation efficiency in family enterprises respectively:

GIEit = α0 + α1GOV− ERit
(
+∑ αjControlsit

)
+ ∑ Year&IndustryFE + ε (1)

GIEit = α0 + α1Market− ERit
(
+∑ αjControlsit

)
+ ∑ Year&IndustryFE + ε (2)

If environmental regulation improves the green innovation efficiency in family enter-
prises, α1 is positive; otherwise, it is negative. In order to improve the robustness of the
coefficient significance, empirical regression was carried out by further considering the
control variables, and the fixed effects of year, province, and industry were controlled.

In order to test the moderating effect of family involvement in hypothesis 2, we
constructed the moderating effect models (3) and (4), which reflect the two cases of family
ownership and management involvement, respectively.

GIEit = α0 + α1GOV/Market−ERit + α2OIit + α3GOV/Market−ERit ∗OIit + ∑ αjControlsit
+∑ Year&IndustryFE + ε

(3)

GIEit = α0 + α1GOV/Market−ERit + α2MIit + α3GOV/Market−ERit ∗MIit + ∑ αjControlsit
+∑ Year&IndustryFE + ε

(4)

On the basis of model (1) and model (2), the cross term of family ownership involved
OI, family management involved MI, and environmental regulation is added, respectively.
On the basis of significant values α1 and α3, if the symbols are the same, family involvement
strengthens the impact of environmental regulation on the green innovation efficiency of
family firms; otherwise, it weakens.

5. Empirical Results and Analysis
5.1. Descriptive Statistics

Table 3 reflects the descriptive statistical results of each variable. It can be seen that
the mean (median) of GIE is 7.527 (8.633), showing a left-skewed distribution. According
to p25 and p75, there are many data on the right side of the mean, with a long tail on
the left and a minimum. It shows that the green innovation efficiency of most family
businesses is above the average level. GOV-ER and Market-ER are both distributed to the
right, mainly in [0, 0.005] and [0.0004, 0.0006], which indicates that family enterprises are
generally subject to low environmental regulation. Therefore, it is necessary to further
explore how to improve the environmental regulation level to promote the improvement of
green innovation efficiency of family enterprises.
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Table 3. Descriptive statistics of each variable.

Variable Obs Mean Std. Dev Min Max p25 p50 p75

GIE 13,039 7.527 3.379 0 13.578 7.798 8.633 9.356
GOV-ER 13,039 0.003 0.002 0 0.012 0.002 0.003 0.004

Market-ER 13,039 0.002 0.010 0.000 1.080 0.001 0.001 0.002
OI 13,039 0.877 0.431 0 2 1 1 1
MI 13,039 0.595 0.611 0 2 0 1 1

Reputation 13,039 0.330 0.285 −1 1 0.205 0.437 0.784
Risk 13,039 3954.651 3329.252 1 10143 407 3632 6889

Duality 13,039 0.408 0.491 0 1 0 0 1
OC 12,575 32.086 13.625 8.880 70.420 21.500 30.060 40.640

CON 12,575 40.691 16.084 10.720 79.560 28.440 39.040 51.860
Wedge 12,575 0.883 0.188 0.242 1 0.826 1.000 1
DEBT 12,575 0.373 0.197 0 0.875 0.218 0.358 0.509

ER 12,575 0.316 0.482 0 3.092 0.057 0.153 0.358
MFR 12,575 0.097 0.088 0 0.595 0.047 0.076 0.117
ROE 12,575 0.049 0.181 −1.145 0.331 0.030 0.073 0.117
ROI 12,575 0.051 0.107 −0.569 0.277 0.030 0.060 0.096
ROA 12,575 0.037 0.084 −0.425 0.214 0.016 0.043 0.075
TQ 12,575 2.561 2.424 0 13.450 1.017 1.854 3.271

Growth 12,575 0.329 0.776 −0.846 5.162 −0.005 0.137 0.419
PMB 12,575 0.056 0.155 −0.804 0.508 0 0.022 0.122
EPS 12,575 0.401 0.640 −1.810 2.864 0.090 0.300 0.638
DIV 12,575 0.268 0.309 0 1.818 0 0.203 0.362

5.2. Baseline Regression

Table 4 is the model (1) and (2) the results of the benchmark return; as can be seen,
whether or not considering the control variable (command-based environmental regu-
lation of the estimated coefficients to 1% significance level) is positive, or market-based
environmental regulation of the estimated coefficients to 1% significance level is negative,
this proves that command-based environmental regulation promotes the green innovation
efficiency in family enterprises. However, market-based environmental regulation inhibits
the green innovation efficiency in family enterprises.

When analyzing the impact of environmental regulation on enterprise green innova-
tion, most literature sources generally believe that command-based environmental regu-
lation is negative to green innovation, while market-based environmental regulation is
positive to green innovation. However, when analyzing the efficiency of green innovation
in family enterprises, this paper draws a completely opposite conclusion. Investigating
its reason, on one hand, family enterprises tend to spontaneously improve the green in-
novation efficiency in the face of command-based environmental regulation, which is to
enhance the social reputation, reap more external benefits associated with government, and
accumulate more extended social–emotional wealth, which is in compliance with family
reputation, long-term orientation, and internal–external stakeholders’ interests. On the
contrary, nonfamily enterprises are state-owned and assume the role of performance of
social public services, and are therefore more likely to passively respond to command-
based environmental regulation; because of information asymmetry, family enterprises
tend to distort the real pollution situation in order to achieve the government’s regulation
requirements, thus reducing its own green innovation efficiency.

On the other hand, market-based environmental regulation mainly relies on market
competition and price mechanisms to achieve the optimal allocation of pollution control
resources. Family enterprises have a low level of risk bearing. Faced with high-cost, long-
term, and uncertain green innovation input, they usually choose to reduce the efficiency of
green innovation to avoid the survival of the fittest in the market. In addition, family enter-
prises have concentrated control; altruistic motives which drive family members to better
maintain constrained social–emotional wealth; show distinct risk aversion characteristics;
and tend to reduce green innovation efficiency to distort market information. However,
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nonfamily enterprises are motivated to gain a market competitive advantage by improving
green innovation efficiency and producing products with low pollution. This conclusion
supports H1a and H1b.

Table 4. Baseline regression results.

Variable (1)
GIE

(2)
GIE

GOV-ER 2.971 ***
(4.36)

5.220 ***
(9.10)

Market-ER −1.660 ***
(−2.78)

−4.097 ***
(−7.55)

Duality −0.180 **
(−2.02)

−0.169 *
(−1.91)

OC −0.021 ***
(−2.58)

−0.021 ***
(−2.57)

CON −0.020
(−0.36)

−0.002
(−0.38)

Wedge 0.224
(0.83)

0.194
(0.72)

DEBT 3.135 ***
(9.14)

3.131 ***
(9.23)

ER −0.641 ***
(−6.31)

−0.638 ***
(−6.30)

MFR −1.392 **
(−2.23)

−1.489 **
(−2.40)

ROE 2.042 ***
(6.61)

2.055 ***
(6.66)

ROI −4.745 ***
(−4.46)

−4.831 ***
(−4.54)

ROA 10.730 ***
(7.66)

10.836 ***
(7.75)

TQ −0.162 ***
(−7.60)

−0.162 ***
(−7.60)

Growth 0.137 ***
(4.45)

0.137 ***
(4.43)

PMB 0.215
(1.06)

0.186
(0.92)

EPS −1.481 ***
(−12.24)

−1.484 ***
(−12.28)

DIV −0.036
(−0.48)

−0.045
(−0.59)

Cons 6.939 ***
(20.00)

7.726 ***
(14.79)

6.907 ***
(19.97)

7.735 ***
(14.81)

Year/Industry YES YES YES YES
N 13039 12575 13039 12575
R2 0.0186 0.1058 0.0198 0.1082

t-statistics in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

5.3. Moderating Effects Regression

As shown in Table 5, the coefficient of family ownership involvement and command-
based environmental regulation is significantly positive at the level of 1%, and the coefficient
of family management involvement and market-based environmental regulation is sig-
nificantly negative at the level of 1%. It shows that the involvement of family ownership
strengthens the positive effect of command-based environmental regulation on green in-
novation efficiency, and the involvement of family management rights strengthens the
negative effect of market-based environmental regulation on green innovation efficiency.
It shows that the emotional value depends on ownership control [29]. The higher the
involvement of family ownership, the stronger the family’s dependence on the enterprise
(Chen Ling and Chen Huali, 2014) [42], which causes family members to become psycho-
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logically attached to the enterprise and treat the enterprise as “our own enterprises” [30].
The involvement of owners is higher than that of managers. For family owners, they pay
more attention to the inheritance of extended social–emotional wealth. Therefore, they are
more willing to further improve the efficiency of green innovation, consolidate the external
interest relationship with government, and strengthen the reputation relationship between
the holding family and the enterprises under the command-based environmental regula-
tion. Under the market-based environmental regulation, family managers, compared with
family owners, weigh more constrained social–emotional wealth and pursue conservatism
and stability in economic decision making (Gentry et al., 2016) [43], which urges family
managers to avoid risks excessively and strengthens the negative effect of green innovation
efficiency. The conclusion partially supports H2a and H2b.

Table 5. Regression results of moderating effects.

Variable
Family Ownership Involvement Family Management Involvement

GIE GIE

Gov-ER 329.362 ***
(4.74)

−5.301 ***
(−8.49)

Market-ER 80.414 ***
(2.93)

−3.350 ***
(−3.02)

OI 0.113
(1.46)

0.306 ***
(3.30)

MI 0.073
(0.88)

0.321 ***
(3.07)

OI*Gov-ER 324.363 ***
(4.66)

MI*Gov-ER 127.688
(1.39)

OI*Market-ER −84.733 ***
(−3.08)

MI*Market-ER −128.599 ***
(−3.61)

Cons 7.634 ***
(14.46)

7.387 ***
(13.85)

7.684 ***
(14.66)

7.668 ***
(14.64)

Year/Industry YES YES YES YES
N 12575 12575 12575 12575
R2 0.1045 0.1079 0.1051 0.1078

t-statistics in parentheses. *** p < 0.01.

5.4. Robustness Test
5.4.1. PSM Matching

In this paper, considering that some family enterprises may, in fact, not be under the
influence of environmental regulation, they can still, through statistical yearbook data,
match the environmental regulation indicators. Therefore, this article, from the manual to
the annual report and the related materials of family enterprises, clearly mentioned in the
text, gives an assignment of 1 to the environmental regulation of family enterprises; the
rest of the assignment is 0. Then, the PSM sample matching method is used for neighbor
matching, radius matching, and kernel matching to overcome the influence of sample
self-selection bias. The standard deviations of the relevant variables after final matching are
all less than 10% and basically insignificant, indicating good matching results. As shown in
Table 6, no matter which matching method is adopted, the result is still robust.
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Table 6. PSM results.

Variable Nearest Neighbor
Matching Radius Matching Nuclear Matching

GOV-ER 5.219 ***
(9.14)

5.222 ***
(9.13)

5.220 ***
(9.10)

Market-ER −4.104 ***
(−7.60)

−4.104 ***
(−7.59)

−4.097 ***
(−7.55)

Controls YES YES YES YES YES YES

Cons 7.728 ***
(14.79)

7.736 ***
(14.80)

7.729 ***
(14.81)

7.737 ***
(14.82)

7.726 ***
(14.79)

7.735 ***
(14.81)

Year/Industry YES YES YES YES YES YES
N 12,571 12,571 12,573 12,573 12,575 12,575

Untreated 1788 1788 1789 1789 1791 1791
Treated 10,783 10,783 10,784 10,784 10,784 10,784

R2 0.1053 0.1077 0.1055 0.1079 0.1058 0.1082
t-statistics in parentheses. *** p < 0.01.

5.4.2. IV Instrumental Variable Method

This paper also considers that there may be a reverse causality between environmental
regulation and green innovation efficiency in family enterprises. In the regions with
high green innovation efficiency, command-based environmental regulation is stronger,
while market-based environmental regulation is weaker, which further affects the green
innovation efficiency in family enterprises in this region. Therefore, panel two-stage least
square (2SLS) regression was used to solve the endogeneity problem. In this paper, the lag
period of environmental regulation variables was selected as the first instrumental variable
according to the traditional method. The previous period affects the current environmental
regulation, but does not affect the current green innovation efficiency. According to Wang
Jie and Liu Bin (2014) [44], the consumption of energy standard coal of each region is used
as the second instrumental variable. On one hand, the energy standard coal of each region
is an exogenous historical variable, which has no influence on the current green innovation
efficiency. On the other hand, the consumption of energy standard coal in each region
affects the intensity of environmental regulation.

As shown in Table 7, the F values of IV1 and IV2 are both greater than 10, ruling
out the possibility of weak instrumental variables. The coefficient of IV1 in the first stage
is significantly positive. This indicates that the previous positively affects the current
environmental regulation. At the same time, the higher the value of standard coal, the more
serious the pollution to the environment, the weaker the command-based environmental
regulation, and the stronger the market-based environmental regulation. In the second
stage, after eliminating the possible endogeneity problems, the conclusion is still robust.

Table 7. Panel two-stage least square regression (2SLS).

Variable
The First Stage The Second

Stage The First Stage The Second
Stage

GOV-ER GIE Market-ER GIE

IV1 5.475 ***
(7.11)

0.054 ***
(4.61)

IV2 −0.000 ***
(−42.74)

0.000 ***
(17.44)

GOV-ER 251.133 ***
(3.22)

Market-ER −278.019 ***
(−4.03)

Controls YES YES YES YES
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Table 7. Cont.

Variable
The First Stage The Second

Stage The First Stage The Second
Stage

GOV-ER GIE Market-ER GIE

Cons 0.000 ***
(3.93)

8.623 ***
(37.67)

0.001 ***
(4.56)

8.886 ***
(38.62)

Year/Industry YES YES YES YES
N 7155 9712 7192 9764
F 23.09 23.84

R2 0.2751 0.0973 0.0878 0.0631
t-statistics in parentheses. *** p < 0.01.

5.4.3. Other Robustness Test Methods

As shown in Table 8, 1© this paper replaced the research sample with a listed family-
owned directly established family business, and the conclusion is still stable. 2© In this
paper, the measurement indicators of independent variables were replaced, the command-
based environmental regulation indicators were replaced with 1/3× (industrial wastewater
discharge × corresponding standardization coefficient + industrial exhaust emissions
× corresponding standardization coefficient + industrial smoke and dust emissions ×
corresponding standardization coefficient)/added value of the secondary industry, and
the market-based environmental regulation indicators were replaced with the completed
investment in industrial pollution/the number of family businesses by province. The
conclusion is still stable.

Table 8. Other robustness tests.

Variable Change Sample Change Independent Variable

GOV-ER 4.986 ***
(8.97)

0.018 ***
(14.60)

Market-ER −4.209 ***
(−7.16)

−0.849 ***
(−6.87)

Controls YES YES YES YES

Cons 7.587 ***
(8.00)

7.697 ***
(8.12)

7.729 ***
(14.80)

7.739 ***
(14.82)

Year/Industry YES YES YES YES
N 10144 10144 12575 12575
R2 0.0826 0.0836 0.1058 0.1083

t-statistics in parentheses. *** p < 0.01.

6. Mechanism Analysis

According to the above analysis, environmental regulation affects the green innovation
efficiency in family enterprises through the reputation mechanism and risk mechanism. As
shown in Table 9, this paper adopts the J-F coefficient of media evaluation and risk-taking
level as the measurement indexes of the reputation mechanism and risk mechanism, re-
spectively. It can be found that both the reputation mechanism and risk mechanism play
partial mediating roles. Command-based environmental regulation promotes the green in-
novation efficiency in family enterprises through reputation incentive, while market-based
environmental regulation reduces the green innovation efficiency in family enterprises by
avoiding risks.
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Table 9. Regression results of mechanism analysis.

Variable
Reputation Mechanism Risk Mechanism

Reputation GIE Risk GIE

GOV-ER 4.325 **
(2.02)

15.016 ***
(4.38)

Market-ER −3044.524 ***
(−6.94)

−3.685 ***
(−6.96)

Reputation 0.073 ***
(2.83)

Risk 0.000 ***
(11.80)

Controls YES YES YES YES

Cons 0.648 ***
(2.78)

−0.095
(−0.29)

4869.171 ***
(7.54)

7.075 ***
(13.82)

Year/Industry YES YES YES YES
N 12575 12575 12575 12575
R2 0.0063 0.0026 0.3515 0.1156

t-statistics in parentheses. *** p < 0.01, ** p < 0.05.

7. Heterogeneity Analysis
7.1. High and Low Pollution Industries

Due to the differences in pollution emissions, governance capacity, industrial output, value,
and innovation activities, this paper divided high-pollution industries and low-pollution indus-
tries according to the Guidance on Environmental Information Disclosure of Listed Companies
(draft) published by the Ministry of Environmental Protection in 2010 (Table 10).

Table 10. Polluting and cleaning industries’ classification.

Type Specific Industries

High-Pollution Industries
Thermal power, iron and steel, cement, electrolytic aluminum, coal, metallurgy,

chemical, petrochemical, building materials, paper making, brewing,
pharmaceutical, fermentation, textile, tanning, and mining

Low-Pollution Industries Other industries

Pollution industries are mainly affected by the positive effects of command-based en-
vironmental regulation and the negative effects of market-based environmental regulation.
Due to the high governance cost of the pollution industry (Sun Haibo and Liu Zhonglu,
2021) [45], family members have a stronger motivation to reduce pollution emissions, so
they actively establish a good family reputation and try their best to avoid potential market
risks (Table 11).

Table 11. Heterogeneity analysis: polluting and cleaning industries.

Variable High-Pollution Industries Low-Pollution Industries

GOV-ER 5.146 ***
(8.92)

3.777
(0.09)

Market-ER −4.232 ***
(−7.04)

−7.379
(−0.17)

Controls YES YES YES YES

Cons 8.696 ***
(9.06)

8.865 ***
(9.29)

5.320 ***
(3.54)

5.001 ***
(5.74)

Year/Industry YES YES YES YES
N 5507 5507 7068 7068
R2 0.0982 0.0955 0.0858 0.0850

t-statistics in parentheses. *** p < 0.01.
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7.2. High- and Low-Competition Industries

In this paper, the price cost differential (PCM) was used to represent market concen-
tration to measure the degree of competition in the industry (Table 12):

Table 12. High- and low-competition industries’ classification.

Type PCM Indicators Specific Industries

High-Competition Industries Less than 20%
Leather, textile, sports, furniture, wood, rubber, metal,

agricultural and sideline food, beverage, electrical,
communications, chemical raw materials, special equipment, etc.

Low-Competition Industries More than 20%
Nonmetal, paper making, instrumentation, chemical fiber,

printing, general equipment, medicine, non-ferrous metals,
transportation, petroleum processing, tobacco, etc.

High-competition industries are mainly affected by the positive effects of command-
based environmental regulation and the negative effects of market-based environmental
regulation. On the one hand, in order to maintain their core competitiveness in the fierce
market competition, family enterprises in highly competitive industries often have stronger
family reputation and political connection motivation to better shape their social image. On
the other hand, because there are many competitors of the same kind in highly competitive
industries, capital holding and financing constraints have significantly affected the risk
attitude (Mao Qilin and Xu Jiayun, 2015) [46], so they are more inclined to avoid the
survival of the fittest in the market. However, there are few competitors of the same
kind in low-competition industries, and some industries are even in a monopoly position.
They have a strong capital scale and human resource base, so they are less affected by
environmental regulations (Table 13).

Table 13. Heterogeneity analysis: high- and low-competition industries.

Variable High-Competition Industries Low-Competition Industries

GOV-ER 5.097 ***
(9.94)

3.696
(1.26)

Market-ER −4.246 ***
(−7.19)

−14.825
(−0.38)

Controls YES YES YES YES

Cons 5.087 ***
(5.51)

5.101 ***
(5.52)

6.115 ***
(10.25)

7.531 ***
(9.87)

Year/Industry YES YES YES YES
N 6616 6616 5959 5959
R2 0.0828 0.0832 0.1980 0.1434

t-statistics in parentheses. *** p < 0.01.

8. Conclusions and Suggestions

This paper attempts to integrate emotional benefits and emotional costs with reputa-
tion and risk as the core. Based on the theoretical framework of social–emotional wealth,
3006 family enterprises in China between 2015 and 2020 were selected to build a panel
model of fixed effects. From the perspective of family involvement, this paper discussed the
impact of environmental regulation on the green innovation efficiency in family enterprises.
The main conclusions are as follows:

(1) Command-based environmental regulation promotes the green innovation efficiency
in family enterprises, while market-based environmental regulation inhibits the green
innovation efficiency in family enterprises. The involvement of family ownership
strengthens the positive effect of command-based environmental regulation on green
innovation efficiency, while the involvement of family management rights strengthens
the negative effect of market-based environmental regulation on green innovation
efficiency.
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(2) Through mechanism analysis, it was found that command-based environmental regu-
lation promotes green innovation efficiency in family enterprises through reputation
incentives, while market-based environmental regulation reduces green innovation
efficiency in family enterprises by avoiding risks.

(3) Further analysis shows that high-competition and high-pollution industries are more
significantly affected by the relationship between them.

The research conclusion of this paper will provide important enlightenment for im-
proving green innovation efficiency in family enterprises: the improvement in green inno-
vation efficiency in family enterprises is conducive to giving full play to the reputation in-
centive effect, consolidating the connection of external interests, extending social–emotional
wealth, and finally, realizing the sustainable development and lasting foundation of family
enterprises. In view of the above research conclusions, this paper provides the following
policy suggestions: (1) Improve the level of risk management. It is necessary that family
enterprises should improve risk management and the internal control system so as to better
deal with market risk and promote core competitiveness. (2) Consolidate family control.
Families should try their best to protect the right of control (Burkart et al., 2003) [47]. For
emerging industries with high risk and high competition, family owners should bear the
risk of innovation and research, adapt to the competition of survival of the fittest in the
market, and produce differentiated green products with low pollution. For traditional
industries with low risk and low competition, family owners should improve the efficiency
in green innovation, establish external interest connections and family reputation, and
realize the intergenerational transmission of social–emotional wealth. (3) Increase the
shareholding ratio of nonfamily shareholders. The participation of nonfamily shareholders
in family enterprise governance leads to more balanced interest relations and diversified eq-
uity rights, which enhances the risk-bearing capacity of family enterprises (Du Shanzhong,
2021) [48] and thus improves innovation efficiency. (4) Give full play to the motivational
role of reputation. With reputation incentives as a hidden incentive mechanism, owners
can maximize their enthusiasm, strive to develop external interest links, improve employee
reward and punishment systems, and ultimately improve green innovation efficiency in
family enterprises.
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