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Abstract

This paper delves into the influence of state ownership on green

innovation in family firms using a sample of Chinese listed com-

panies from 2008 to 2021. Our results show that state owner-

ship significantly promotes family firms' green innovation

performance. Intergenerational succession, CEO's green experi-

ence, and Confucian cultural atmosphere moderate this positive

relationship significantly. Channel tests indicate that state own-

ership positively affects green innovation in family firms by

enhancing their corporate social responsibility, facilitating their

access to external resources, and improving their internal control

quality. Cross-sectional analysis shows that the promoting effect

of state ownership on green innovation is more prominent

among family firms in non-heavily polluting industries, those

with higher levels of information transparency, and those facing

lower levels of market competition. These findings provide new

insights into the reverse mixed-ownership reform in China and

offer valuable guidance for family firms in formulating effective

green innovation strategies.
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1 | INTRODUCTION

Low-carbon transformation is a crucial driver in advancing the sustainable development of the global economy. As

the world's largest carbon emitter, China faces a significant challenge in effectively promoting the green
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transformation of its economy. Since 2012, China has introduced a series of key policies to advance low-carbon and

sustainable development, actively facilitating the transformation of its energy structure, adopting low-carbon tech-

nologies, and accelerating the rapid development of green financial markets. In August 2024, the Opinions on Acceler-

ating the Comprehensive Green Transformation of Economic and Social Development was issued in China, marking the

first systematic deployment at the central government level to accelerate a national comprehensive green transfor-

mation. In the face of climate change and environmental pressures, green innovation serves as a critical mechanism

to help firms achieve low-carbon transformation and promote green and clean production (Farooq et al., 2024).

Increasing research on corporate green innovation aims to explore how firms can better adopt green innovation

strategies and achieve sustainable development. In China's context, state-owned capital plays a pivotal role in the

national economy, making it essential to examine whether the presence of state ownership in the private sector can

further propel the green transformation of the real economy.

Since 2013, China has initiated the mixed-ownership reform, which includes two specific forms: one involves

encouraging state-owned enterprises (SOEs) to introduce private capital to improve governance structures and

enhance their efficiency; the other involves encouraging state-owned capital to invest in private firms to promote

the development of mixed ownership in the private economy. Relevant research examines the economic outcomes

of introducing private equity from the perspective of SOEs and finds that mixed-ownership reform can effectively

optimize capital structures, promote participation in innovation activities (Zhang et al., 2020), improve firm perfor-

mance (Nguyen et al., 2021), and reduce carbon emissions (Yu et al., 2023). However, in recent years, increasing

attention has been paid to the “reverse mixed-ownership reform”, namely private firms introducing state-owned

capital. Existing studies have shown that state-owned capital participation in private firms helps secure financing

convenience (Hu et al., 2021), access equity financing at a lower cost (Yan et al., 2024), improve access to short-term

debt and lower financing costs (Chen et al., 2023), facilitate digital transformation (Li et al., 2024), enhance earnings

quality (Wang & Liu, 2024), and inhibit corporate leverage manipulation (Zhu et al., 2024). As such, the economic

rationale for reverse mixed-ownership reform is increasingly being validated.

Family firms possess the unique characteristic of ‘family’, which entails a focus on long-term inheritance for both

the family and the firm. Beyond economic interests, they also prioritize non-economic interests such as socio-

emotional wealth, aligning closely with the principles of low-carbon development. Against the backdrop of low-

carbon development, firms embrace the green development concept by striving for environmental protection and

sustainable production, while also encountering various practical challenges (Rondi et al., 2021). In this context,

engaging in green innovation not only supports the long-term inheritance and growth of family firms but also

contributes to broader economic and social transformation. However, research on the economic outcomes of state-

owned equity participation in family firms rarely examines the perspective of green innovation. Therefore, investigat-

ing whether state ownership, characterized by both capital and political connections, can significantly impact family

firms' green innovation performance and enhance their sustainable development capabilities is of substantial theo-

retical and practical significance.

This paper examines a sample of family firms in China's A-share market to empirically explore the relationship

between state ownership and the green innovation performance of family firms. Our findings reveal that state own-

ership enhances the green innovation efforts of Chinese family firms. Intergenerational succession, the CEO's green

experience, and the Confucian cultural environment of the region where the firm operates significantly moderate this

enhancement effect. Additionally, we identify three underlying mechanisms explaining this promoting effect: the cor-

porate social responsibility performance channel, the resource acquisition channel, and the internal governance chan-

nel. These findings provide valuable insights into the drivers of family firms' green innovation strategies and the

economic implications of reverse mixed-ownership reform in China within the context of low-carbon development.

This paper contributes to relevant literature mainly in three aspects: first, limited attention has so far been paid

to the outcomes of reverse mixed-ownership reform from the private firms' side, especially from the perspective of

family firms (e.g., Xu et al., 2023). We aim to bridge this gap by exploring the influence of state ownership in shaping

the green innovation strategies of family firms. Second, prior studies have provided evidence for the motivation
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behind green innovation practices by family firms (Bauweraerts et al., 2022; Dangelico et al., 2019; Hao et al., 2019;

Wang et al., 2023; Zhao et al., 2024), but emphasize the need for context-specific analysis. This paper addresses this

need by focusing on the context of reverse mixed-ownership reform in China, thereby contributing to the literature

on the contextual forces driving green innovation in family firms. Lastly, this paper builds on existing research by fur-

ther exploring how contextual factors—intergenerational succession, CEO's green experience, and the regional Con-

fucian cultural atmosphere—moderate the relationship between state ownership and green innovation performance

in family firms. As such, we expand the research boundaries and application contexts related to green innovation

within family firms and reverse mixed-ownership reform in the Chinese context.

The rest of this paper is organized as follows: Section 2 covers the literature review and hypothesis. Section 3

details the methodology, including data and samples, variable selection, and model setting. Section 4 presents the

empirical results and analysis, including baseline results, moderating effects analysis, robustness tests, and endo-

geneity analysis. Section 5 provides further analysis, including channel tests and cross-sectional analysis. Section 6

concludes with the conclusion and implications. Figure 1 illustrates the framework of this paper.

2 | LITERATURE REVIEW AND HYPOTHESIS

2.1 | State-owned equity and green innovation of family firms

Given the importance of innovation for the survival and long-term growth of firms, family firms' engagement in inno-

vation activities has attracted significant academic interest but has been subject to debates (Dieleman, 2019; Duran

et al., 2016; Miroshnychenko et al., 2024). Some studies provide evidence that family firms, on average, engage less

in environmental protection and green practices than nonfamily firms (Miroshnychenko & De Massis, 2022). How-

ever, an increasing number of studies provide empirical evidence that family firms are motivated to adopt normative

sustainable strategies, driven by socioemotional considerations (Ernst et al., 2022; Tiberius et al., 2021), and they

outperform nonfamily firms in terms of innovation performance (Röd, 2016; Rondi et al., 2021; Xiang et al., 2019).

In the wave of global low-carbon development, green awareness and strategic decision-making are not only key

factors for the long-term development of family firms but also affect their social reputation and brand image. Prior

studies indicate that family firms have a stronger awareness of environmental protection and are thus more likely to

F IGURE 1 The framework of empirical analysis. Source: This Figure depicts the study's conceptual model.
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engage in solving social and environmental problems (Dangelico et al., 2019). Green development is inherently a

long-term, continuous commitment (Ardito et al., 2019), which aligns with the strategic orientation of family busi-

nesses. Green innovation includes dual attributes of innovation and green environmental protection, which can meet

the needs of enhancing firms' competitiveness and the goals of family inheritance. Some studies have found that

firms that make efforts to improve the environment are more likely to be favored by consumers and investors.

Driven by a desire for firm control, family social reputation, and the shared legacy between families and businesses,

family firms tend to demonstrate greater social responsibility when confronting environmental issues. They adopt

proactive environmental strategies to enhance their competitiveness and ensure benefits for future generations

(Berrone et al., 2012; Cheng et al., 2022; Sharma & Sharma, 2011). There is evidence that family firms engage more

in green innovation activities than non-family firms, which brings better firm performance (Dangelico et al., 2019;

Martínez et al., 2007).

Relevant studies have provided evidence for the economic outcomes after state-owned equity enter private

firms. Some studies argue that the entry of state-owned equity may reduce a family's control over the firm and lead

to corruption and loss of trust, resulting in higher risk aversion (Amore & Minichilli, 2018). However, other studies

suggest that state ownership in private firms can have a positive economic impact. For instance, Yu (2013) finds that

state ownership is associated with political connections, and state-owned equity participation serves as a signal of

political recognition, which helps enhance corporations' social reputation. Quan et al. (2018) suggest that state-

owned equity facilitates access to necessary resources, particularly financial resources, and supports firms' long-term

investment activities. To the best of our knowledge, there is no current literature focusing on the role of state own-

ership in influencing private firms' green innovation strategies.

We anticipate that state ownership will significantly influence the operational decisions of family firms, thereby

affecting their green innovation activities. First, due to the political nature of state-owned equity, it implies the gov-

ernment's “commitment signal” (Bai et al., 2019; Yu, 2013), which not only helps family firms obtain policy and

resource allocation preferences to drive innovation, but also requires them to assume more social responsibilities

(Jiang et al., 2020; Quan et al., 2018). Both of these factors may encourage family firms to participate more in green

innovation activities. Second, the entry of state-owned equity into family firms increases the diversity of ownership

structure, which can improve corporate governance and potentially stimulate green innovation (Zhang et al., 2020).

For example, Borsuk et al. (2024) find that corporations' environmental scores and carbon emissions improve when

family ownership decreases. Wu et al. (2025) provide evidence for the effect of institutional investor ESG activism in

fostering family firms' engagement in green innovation. Finally, after the entry of state-owned equity, family firms

may face heightened expectations for social responsibility, which could be translated into increased engagement in

green innovation (Jiang et al., 2020; Quan et al., 2018). As indicated by the work of Zhang et al. (2022), political con-

nections can be a driving force of corporate green innovation by promoting entrepreneurship. As such, we propose

our first hypothesis:

Hypothesis 1. State ownership promotes green innovation engagement of family firms.

2.2 | Moderating effect of intergenerational succession

Family firms face challenges related to intergenerational inheritance. However, the involvement of the second gener-

ation in management is a dynamic and unpredictable process that can lead to significant changes in corporate struc-

ture, cultural systems, and other key aspects, ultimately influencing company performance and strategic direction.

According to the theory of socioemotional wealth, family firms also prioritize socioemotional wealth alongside eco-

nomic benefits (Berrone et al., 2012).

Previous studies have shown that first-generation founders of family firms often have a deep emotional attach-

ment and a strong sense of identity with the firm, viewing the inheritance of the family firm as a personal mission.

4 of 29 TANG ET AL.
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However, the second generation typically struggles to develop the same level of emotional connection, which may

lead to a greater emphasis on financial performance and a reduced focus on socioemotional wealth. In China, state-

owned capital carries the responsibility of macroeconomic regulation, with state-owned shareholders prioritizing

national policy directives and social responsibilities, often with long-term development goals in mind. During the suc-

cession phase, the second generation may engage in short-sighted behaviors to quickly gain the trust of key share-

holders and employees, potentially compromising these long-term objectives (Hillebrand, 2019). Consequently, in

the early stages of their involvement, the second generation may prioritize the acquisition of corporate control, dis-

playing a constrained approach to socioemotional wealth. This approach to intergenerational inheritance may inhibit

green innovation in family firms. At the same time, the second generation's desire to achieve short-term profits may

lead them to avoid high-investment, high-risk green innovations, which conflicts with the long-term, stable develop-

ment goals expected by state-owned capital. Therefore, we propose the second hypothesis:

Hypothesis 2. Intergenerational succession weakens the influence of state ownership on family firms'

green innovation performance.

2.3 | Moderating effect of CEO's green experience

As indicated by the Upper Echelons Theory, the cognitive abilities, values, and experiences of senior executives can

significantly influence a company's strategic decision-making. As the core leader of the organization, the CEO's per-

sonal characteristics are crucial factors in shaping a firm's innovation strategies (Sariol & Abebe, 2017). Previous

research has provided evidence of how CEO characteristics affect corporate green innovation activities across multi-

ple dimensions (Quan et al., 2021; Ren et al., 2021).

Prior studies have increasingly focused on how CEOs' environmental backgrounds impact corporate green inno-

vation behavior. CEOs with a green background are more likely to prioritize environmental and sustainability issues,

integrating these concerns into the firm's strategic agenda. They are also more motivated to drive the firm's engage-

ment in green innovation initiatives. CEOs with heightened environmental awareness can foster technological inno-

vation within the firm (Huang et al., 2019). Such CEOs tend to be more responsive to stakeholder demands,

adopting green strategies to earn stakeholder recognition and support. This environmental orientation also enhances

the CEOs' confidence, reducing concerns about the uncertainty and high risks associated with green innovation

(Stiglitz, 2015). Moreover, CEOs with a green background are better equipped to navigate opportunities presented

by market-driven environmental policies and to assess the value of green innovation. Accordingly, we propose our

third hypothesis:

Hypothesis 3. CEO's green experience strengthens the influence of state ownership on family firms'

green innovation performance.

2.4 | Moderating effect of Confucian culture

Institutional theory posits that societal institutional forces shape organizational systems, with cultural belief systems,

customs, and traditions exerting informal pressure on organizations and individuals (Bruton et al., 2010). Confucian

culture, as a significant traditional culture in China, is grounded in the principles of “benevolence, righteousness, pro-
priety, wisdom, and trustworthiness” and seeks to harmonize the relationship between humanity and nature while

also emphasizing institutional norms. Consequently, family-owned firms that prioritize family legacy often deeply

integrate Confucian culture into their management practices, linking individuals, the firm, and the broader familial

and societal contexts. This approach tends to make firms focus more on long-term positioning and objectives.
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Family firms inherently possess a dual nature as both profit-driven economic entities and kinship-based com-

munities (Sison et al., 2020). State-owned equity itself bears the mission of supporting social development, and

Confucian thought, which emphasizes, “benefiting the world when in power” and the idea of prioritizing righteous-

ness over profit, encourages firms to assume social responsibilities. Under the dual influence of state ownership

and Confucian culture, family firms may be more motivated to undertake social responsibilities and participate in

green innovations that contribute to sustainable development (Chen et al., 2021). Therefore, we have the follow-

ing hypotheses:

Hypothesis 4. A strong Confucian cultural atmosphere strengthens the influence of state ownership

on family firms' green innovation performance.

3 | METHODOLOGY

3.1 | Data and sample

We use a sample of listed family firms on the Chinese A-share market from 2008 to 2021. Following prior studies

(Bauweraerts et al., 2022; Calabrò et al., 2019), we adopt the following strategy to identify a family firm: (1) the ulti-

mate controller must be a natural person or a family; (2) the natural person or family must have substantial control

over the firm; (3) the natural person or family must be directly or indirectly the largest shareholder of the firm. ST

and *ST companies, companies in the financial sector, and observations with missing key variables are excluded from

the original sample. As such, we derive our final sample of 11,778 observations across 1596 firms. Data on family

firms is obtained from the CSMAR database, state-owned equity data is sourced from the CCER database, and data

on green innovation and Confucian culture measurements is sourced from the CNRDS database.

3.2 | Variables

Green innovation. In line with prior studies (Cheng et al., 2022), we measure the green innovation participation of

family firms in each year by calculating the natural logarithm of the number of green inventions and green utility pat-

ent applications plus 1.

State-owned equity. We adopt a multi-dimensional matrix of measurement to capture state ownership in family

firms. State1 is a dummy variable, which equals 1 if there are state-owned shareholders among the top 10 share-

holders of family firms, and 0 otherwise. State2 is the number of state-owned shareholders among the top

10 shareholders of family firms. State3 is the total shareholding ratio of state-owned shareholders among the top

10 shareholders of family firms. State4 is the ratio of the shareholding of state-owned shareholders among the

top 10 shareholders of family firms to that of the actual controller.

Moderating Variables. (1) Intergenerational succession (Gene), a dummy that equals 1 if the second-generation

successor assumes a position as a director or higher, and 0 otherwise,1 following the research by Hillebrand (2019).

(2) CEO's green experience (Gceo), a dummy that equals 1 if the CEO has green-related study or work experience,

and 0 otherwise. Following Homroy and Slechten (2019), we classify a CEO as having a green background if his bio-

graphical information contains any of the following keywords: environment, environmental protection, low-carbon,

sustainability (or sustainable), ecology (or ecological), pollution, and so forth, based on the manual screening of CEOs'

biographical information in CSMAR. (3) Confucian culture (Mqjs), a dummy that equals 1 if the number of Ming and

Qing dynasty Jinshi in the city where the family firms are located exceeds the median, and 0 otherwise.

We also control for a series of firm-level characteristics, including firm size, financial leverage, profitability, firm

growth, cash holdings, tangible asset ratios, the number of directors, the proportion of independent directors,

6 of 29 TANG ET AL.
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whether the director and CEO are the same person, the number of years since the firm became a family firm, and

whether the director or the CEO is a family member. All variables are described in Table 1:

3.3 | Model

To investigate the influence of state ownership on the green innovation performance of family firms (Hypothesis 1),

we estimate the following regression model:

LnGIi,t ¼ α0þα1State jð Þi,t�1þαi
X

Controlsi,t�1þYeartþ Industryiþεi,t ð1Þ

where i specifies the firm, t specifies the year, and Controls represents the control variables. State( j) represents the

state-owned equity variables. εi,t is a random interference term. To avoid missing variables, we control for year and

industry fixed effects. We also winsorize all continuous variables at the 1% to 99% levels in order to avoid the poten-

tial influence of outliers.

To investigate the moderating effect of intergenerational succession, CEO's green experience, and Confucian

culture (Hypothesis 2–Hypothesis 4), we estimate the following model:

LnGIi,t ¼ β0þβ1State jð Þi,t�1þβ2State jð Þi,t�1�Mtþβ3Mtþβi
X

Controlsi,t�1þYeartþ Industryiþ εi,t ð2Þ

TABLE 1 Variables and description.

Variables Description

LnGI Natural logarithm of the sum of green invention patent applications and green practical patent applications

plus 1.

State1 Dummy, which equals 1 if there is state-owned shareholder in top 10 shareholders, and 0 otherwise.

State2 Number of state-owned shareholders in the top 10 shareholders

State3 The sum of the shareholding ratio of state-owned shareholders among the top 10 shareholders

State4 The ratio of shareholding of state-owned shareholders to the shareholding of the actual controller

Gene Dummy, which equals 1 if the successor holds the position of director or above in the firm, and 0

otherwise.

Gceo Dummy, which equals 1 if the CEO has green experience, and 0 otherwise.

Mqjs Total number of Jinshi in Ming and Qing Dynasties in the city where the firm is located

Lnsize Natural logarithm of the number of employees

Lev Total assets/total liabilities

Roa Net profit/total assets

Growth Annual growth rate of sales

Cash Cash and cash equivalents/total assets

Tang Tangible assets/total assets

Bod Total number of directors

Indr Numbers of independent directors/total number of directors

Dual Dummy, which equals 1 if the chairman and CEO are held by the same person, and 0 otherwise.

Age Years of familiarization

Mf Dummy, which equals 1 if the chairman or general manager is held by a family member, and 0 otherwise.

TANG ET AL. 7 of 29
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where M represents the moderating variables, including intergenerational succession (Gene), CEO's green experience

(Gceo), and Confucian culture (Mqjs).

4 | EMPIRICAL RESULTS AND ANALYSIS

4.1 | Descriptive statistic

The descriptive statistics of the main variables are reported in Table 2. Among them, the mean value of green innovation

(LnGI) is 0.652, and the standard deviation is 0.955, suggesting that there is significant variation among our sample firms'

green innovation engagement. The mean value of State 1 is 0.327, indicating that state-owned equity participation in listed

family firms is relatively common in China. The average age of the sample family firms is 5.408, suggesting that most of the

sample family firms have existed for a long time. The mean value of Gene is 0.248, indicating that 24.8% of the sample fam-

ily firms are involved with the second generation in company management. The mean CEO green background (Gceo) is

0.026, suggesting that only a few CEOs in the sample firms have green experience. We also conducted a correlation analysis

on the variables (results not reported here due to space constraints), which indicates there is no multicollinearity concern.

4.2 | Baseline results

The results of Model (1) are reported in Table 3. As indicated by the results in Column (1), the coefficient of State1 is

0.069, significant at the 1% level, implying that the presence of state ownership in family firms significantly

TABLE 2 Descriptive statistics.

Variables N Mean Std. error Min Max

LnGI 11,778 0.652 0.955 0.000 3.871

State1 10,063 0.327 0.469 0.000 1.000

State2 10,063 0.455 0.752 0.000 3.000

State3 10,063 0.012 0.032 0.000 0.213

State4 10,063 0.036 0.102 0.000 0.703

Gene 11,269 0.248 0.432 0.000 1.000

Gceo 11,167 0.026 0.158 0.000 1.000

Mqjs 10,600 0.502 0.500 0.000 1.000

Lnsize 10,063 7.370 1.026 5.176 10.210

Lev 10,063 0.345 0.180 0.044 0.816

Roa 10,063 0.057 0.058 �0.232 0.225

Growth 10,063 0.185 0.309 �0.467 1.523

Cash 10,063 0.188 0.149 0.013 0.695

Tang 10,063 0.923 0.087 0.538 0.999

Bod 10,063 8.150 1.391 5.000 12.000

Indr 10,063 0.378 0.052 0.333 0.571

Dual 10,063 0.421 0.494 0.000 1.000

Age 10,063 5.408 3.981 1.000 20.000

Mf 10,063 0.947 0.225 0.000 1.000

Note: This table reports the descriptive statistics of variables. All variables are defined in Table 1.
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stimulates their green innovation performance. We can also see that the coefficients of State2, State3, and State4

are 0.042, 0.983, and 0.261, respectively, all significant at the 1% level. This suggests that as the number of state-

owned shareholders increases, the shareholding of state-owned shareholders rises, and the ownership of state-

owned equity improves, family firms' engagement in green innovation significantly increases. These findings show

that despite the inherent differences among family firms, state-owned equity may leverage its political advantages,

facilitate access to favorable resources, and enhance governance functions within the firm, thereby creating a condu-

cive environment for green innovation activities. Accordingly, Hypothesis 1 is supported.

4.3 | Moderating effects

4.3.1 | Intergenerational succession

In order to test the moderating role of intergenerational succession (Hypothesis 2), Gene is introduced into

Model (2), and the results are reported in Table 4. It can be seen from the results that the coefficients of the

interaction terms between state ownership and intergenerational succession are significantly negative in Col-

umns (1)–(4). This provides supportive evidence that the impact of state ownership on family firms' engagement

in green innovation is weakened if the firm is undergoing intergenerational succession. We suggest that after

the second generation enters the firm, they aim to establish an image as a successor, and presenting excellent

performance is often a direct way for them to gain the trust of employees and investors. As such, the pursuit of

short-term performance will crowd out long-term investment in green innovation. Therefore, Hypothesis 2 is

supported.

4.3.2 | CEO's green experience

In order to test whether the CEO's green experience moderates the nexus between state ownership and family firms'

green innovation (Hypothesis 2), we introduce Gceo into Model (2). The results reported in Table 5 show that the

interaction terms between state ownership and the CEO's green experience in Columns (1)–(4) are all positive and

statistically significant, suggesting that CEOs with green experience enhance the promoting effect of state owner-

ship on family firms' green innovation engagement. These results indicate that human capital, represented by CEOs

with green experience, plays a prominent role in facilitating the green transformation of family firms in the context

of reverse mixed-ownership reform. Therefore, Hypothesis 3 is established.

4.3.3 | Confucian culture

To examine whether Confucian culture moderates the association between state ownership and green innova-

tion of family firms (Hypothesis 4), we introduce Mqjs into Model (2) for regression analysis. As indicated by the

results in Table 6, the coefficients of the interaction terms between state ownership and Confucian culture in

Column (1)–(4) are all positive and statistically significant, which shows that the Confucian cultural atmosphere

in the region where the firm is located has an important strengthening effect on the nexus between state own-

ership and family firms' engagement in green innovation. Confucianism is the spiritual core of Chinese national

culture, and state-owned equity has a social responsibility to ensure the stability and prosperity of the country,

which complement each other and promote green innovation in family firms. Therefore, Hypothesis 4 is

supported.
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TABLE 3 State ownership and green innovation of family firms.

(1) (2) (3) (4)
LnGI LnGI LnGI LnGI

State1 0.069***

(3.586)

State2 0.042***

(3.385)

State3 0.983***

(3.436)

State4 0.261***

(2.901)

Lnsize 0.240*** 0.240*** 0.242*** 0.243***

(20.676) (20.653) (20.877) (20.876)

Lev 0.713*** 0.710*** 0.705*** 0.707***

(10.763) (10.713) (10.643) (10.661)

Roa 0.767*** 0.766*** 0.767*** 0.772***

(4.459) (4.457) (4.467) (4.493)

Growth 0.094*** 0.095*** 0.095*** 0.095***

(3.056) (3.069) (3.091) (3.079)

Cash 0.265*** 0.264*** 0.270*** 0.268***

(3.924) (3.905) (3.999) (3.970)

Tang 0.160 0.158 0.167 0.172*

(1.537) (1.521) (1.603) (1.651)

Bod 0.016* 0.015* 0.015* 0.015*

(1.873) (1.818) (1.828) (1.843)

Indr �0.210 �0.215 �0.189 �0.194

(�0.981) (�1.005) (�0.881) (�0.906)

Dual 0.021 0.022 0.020 0.020

(1.209) (1.240) (1.137) (1.151)

Age 0.011*** 0.011*** 0.012*** 0.012***

(4.174) (4.261) (4.648) (4.581)

Mf �0.021 �0.021 �0.018 �0.019

(�0.533) (�0.543) (�0.469) (�0.490)

Constant �2.362*** �2.368*** �2.394*** �2.392***

(�10.362) (�10.350) (�10.480) (�10.480)

N 10,063 10,063 10,063 10,063

R2 0.292 0.292 0.292 0.292

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results examining the impact of state ownership on green innovation of family firms.

All variables are defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%,

and 10% levels, respectively.
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4.4 | Robustness tests

4.4.1 | Parallel trend assumption

First, we conduct a parallel trend test to verify the validity of our baseline staggered DID identification assumption.

Specifically, we replace State1 in the baseline regression with six indicator variables: pre_3, pre_2, pre_1, post_1,

post_2, post_3, where pre_j (post_j) equals 1 for observations j years before (after) the entry of state equity. The

results in Figure 2 show that the coefficients of pre_3, pre_2, and pre_1 are close to zero and statistically insignificant.

This indicates that there was no significant difference in green innovation activities between the treated and control

firms before the entry of state equity, which supports the parallel trend assumption that underlines the DID design.

In contrast, the coefficients of post_1, post_2, and post_3 are positive and statistically significant This suggests that

family firms' green innovation activities increase in the years following the entry of state equity, with the magnitude

increasing by year.

TABLE 4 Moderating effect of intergenerational succession.

(1) (2) (3) (4)
LnGI LnGI LnGI LnGI

State1 0.097***

(4.184)

State1*Gene �0.092**

(�2.285)

State2 0.054***

(3.445)

State2*Gene �0.046*

(�1.843)

State3 0.839**

(2.416)

State3*Gene �1.099*

(�1.907)

State4 0.257**

(2.307)

State4*Gene �0.389**

(�2.129)

Gene �0.044* �0.053** �0.061*** �0.061***

(�1.799) (�2.281) (�2.873) (�2.867)

Controls Yes Yes Yes Yes

Constant �2.142*** �2.138*** �2.154*** �2.156***

(�8.855) (�8.847) (�8.927) (�8.947)

N 9594 9594 9594 9594

R2 0.291 0.290 0.290 0.290

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results of the moderating role of intergenerational succession on the relationship

between state ownership and family firms' green innovation. All variables are defined in Table 1. Values in parentheses are t

statistics. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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4.4.2 | Alternative measures of green innovation

In our baseline analysis, green innovation is measured by the logarithm of the sum of green invention and practical

patent applications. To ensure the reliability of our results, we adopt two alternative measures of green innovation

for robustness checks. First, we use the natural logarithm of the sum of green patent authorizations (LnGIget) to bet-

ter reflect the quality of family firms' green innovation. Then, we re-estimate our baseline model. As shown in the

results in Column (1)–(4) of Table 7, our baseline conclusion remains robust. Second, recent studies suggest that

the log-like transformation may lead to biased results (Chen & Roth, 2024; Cohn et al., 2022). Therefore, we adopt a

Negative Binomial regression approach using the number of green patent applications (GIcount) to alleviate this con-

cern (Liu et al., 2025). As can be seen from the results in Column (5)–(8) of Table 7, the positive impact of state own-

ership on green innovation of family firms still holds.

TABLE 5 Moderating effect of CEO's green experience.

(1) (2) (3) (4)
LnGI LnGI LnGI LnGI

State1 0.060***

(3.030)

State1*Gceo 0.332**

(2.485)

State2 0.030**

(2.320)

State2*Gceo 0.238***

(3.140)

State3 0.443

(1.545)

State3*Gceo 3.727**

(2.399)

State4 0.098

(1.082)

State4*Gceo 1.142**

(2.387)

Gceo 0.031 0.016 0.098 0.105

(0.359) (0.201) (1.294) (1.415)

Controls Yes Yes Yes Yes

Constant �2.374*** �2.371*** �2.394*** �2.394***

(�10.035) (�10.007) (�10.136) (�10.145)

N 9357 9357 9357 9357

R2 0.287 0.287 0.286 0.286

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results of the moderating role of CEO's green experience on the relationship

between state ownership and family firms' green innovation. All variables are defined in Table 1. Values in parentheses are t

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

12 of 29 TANG ET AL.

 14682443, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/irfi.70039 by Z

hiyong L
i - Southw

estern U
niversity , W

iley O
nline L

ibrary on [01/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4.4.3 | Alternative identification of family firms

Considering that there are different standards for identifying family firms, we re-screen the sample based on the family's

shareholding, excluding firms where the actual controller and their family, as the largest shareholder, hold less than 15%

of the shares. Using this new sample, we re-estimate Model (1). As indicated by the results in Table 8, the coefficients of

state ownership variables remain positive and statistically significant, consistent with the baseline results.

4.4.4 | Controlling for industry-year fixed effect

We include industry and year fixed effects in our baseline analysis, in order to capture potential omitted variables at

the industry and time levels. However, time-varying industry dynamics may still exist. Therefore, we further control

TABLE 6 Moderating effect of Confucian culture.

(1) (2) (3) (4)
LnGI LnGI LnGI LnGI

State1 0.036

(1.277)

State1*Mqjs 0.091**

(2.373)

State2 0.016

(0.879)

State2*Mqjs 0.061**

(2.438)

State3 0.621

(1.465)

State3*Mqjs 1.053*

(1.728)

State4 0.118

(0.896)

State4*Mqjs 0.465**

(2.361)

Mqjs �0.071*** �0.069*** �0.054*** �0.056***

(�3.371) (�3.348) (�2.773) (�2.907)

Controls Yes Yes Yes Yes

Constant �2.047*** �2.047*** �2.101*** �2.101***

(�8.619) (�8.608) (�8.833) (�8.847)

N 9055 9055 9055 9055

R2 0.296 0.296 0.295 0.295

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results of the moderating role of Confucian culture on the relationship between state

ownership and family firms' green innovation. All variables are defined in Table 1. Values in parentheses are t statistics. ***,

**, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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for industry*year fixed effect to mitigate confounding influences arising from industry dynamics, to ensure the reli-

ability of our findings. The results are reported in Table 9. We can see that our baseline conclusions remain robust

after considering industry dynamics.

-.1
0

.1
.2

C
oe

ffi
ci

en
t

pre_3 pre_2 pre_1 post_1 post_2 post_3

Relative Time

Parallel Trend Test (Base period: t=0)

F IGURE 2 Parallel trend test. Source: This Figure depicts the results of the parallel trend test of our baseline
model.

TABLE 7 Alternative measures of green innovation.

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

State1 0.076*** 1.103**

(4.508) (2.422)

State2 0.046*** 1.066**

(4.331) (2.574)

State3 1.071*** 4.573***

(4.247) (2.764)

State4 0.286*** 1.446**

(3.587) (2.131)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Constant �2.225*** �2.232*** �2.260*** �2.258*** 0.006*** 0.006*** 0.006*** 0.006***

(�11.950) (�11.919) (�12.125) (�12.124) (�9.073) (�9.075) (�9.134) (�9.113)

N 10,063 10,063 10,063 10,063 10,063 10,063 10,063 10,063

R2/ Pseudo R2 0.292 0.291 0.291 0.291 0.0700 0.0701 0.0701 0.0700

Industry Yes Yes Yes Yes Yes Yes Yes Yes

Year Yes Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the regression results of robustness checks adopting alternative measures of green innovation. All

variables are defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and

10% levels, respectively.
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TABLE 8 Changing identification of family firms.

(1) (2) (3) (4)
LnGI LnGI LnGI LnGI

State1 0.070***

(3.561)

State2 0.040***

(3.134)

State3 0.642**

(2.062)

State4 0.196*

(1.845)

Controls Yes Yes Yes Yes

Constant �2.370*** �2.376*** �2.394*** �2.394***

(�10.220) (�10.214) (�10.328) (�10.333)

N 9633 9633 9633 9633

R2 0.288 0.288 0.288 0.288

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results of robustness checks adopting alternative identification of family firms. All

variables are defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and

10% levels, respectively.

TABLE 9 Controlling for industry-year fixed effect.

Variables
(1) (2) (3) (4)
LnGI LnGI LnGI LnGI

State1 0.071**

(2.579)

State2 0.042*

(1.882)

State3 1.011*

(1.975)

State4 0.275*

(1.873)

Constant �1.673*** �1.662*** �1.698*** �1.700***

(�4.682) (�4.639) (�4.731) (�4.723)

N 9917 9917 9917 9917

R2 0.312 0.312 0.312 0.312

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Industry*year Yes Yes Yes Yes

Note: This table reports the regression results of robustness checks controlling for industry-year fixed effects. All variables

are defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10%

levels, respectively.
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4.5 | Endogeneity

4.5.1 | PSM-DID analysis

Our research may face challenges suggesting that family firms with better performance are more likely to attract

state-owned equity participation, and there may be systematic differences between family firms with state owner-

ship and those without. Therefore, we conduct a PSM-DID analysis to mitigate the reverse causality problem and

sample selection bias. First, we construct the treatment group and the control group based on whether state owner-

ship exists in the family firms. Then, firm-level and family-level characteristics are selected as covariates, including

firm size, leverage, profitability, and years as a family-owned firm. Second, we conduct a difference-in-difference

analysis using the entry of state-owned capital into family firms as a shock. A dummy variable (Treat) is created,

which equals 1 for family firms with state ownership and 0 for those without. Another dummy variable (After) is gen-

erated, which equals 1 for the year when state-owned equity enters family firms and subsequent years, and 0 other-

wise. We estimate the following model:

LnGIi,t ¼ γ0þ γ1Treat�Afteri,tþ γ2Treati,tþ γi
X

Controlsi,t�1þYeartþ Industryiþεi,t ð3Þ

Further, we employ four types of matching methods to mitigate differences between the two groups: 1:1 nearest

neighbor matching, 1:2 nearest neighbor matching, radius matching, and kernel matching. Among them, radius

matching results in minimal sample loss, yielding 7949 valid samples in the control group and 3847 valid samples in

the treatment group. The standardized deviation (% bias) of covariates between the two groups is less than 5%. Sub-

sequently, we re-run Model (3) using the samples matched under radius matching. As indicated by the results in

Table 10, the coefficient of the interaction term (Treat*After) is positive and significant at the 1% level. Thus, our

baseline conclusion remains robust.

4.5.2 | Stacked DID analysis

Our baseline analysis adopts a staggered DID approach to investigate the impact of state ownership entry on family

firms' green innovation. However, recent studies (Baker et al., 2022; Borusyak et al., 2024) point out that this

approach may lead to biased estimation of the average treatment effect between groups or over time, due to the

fact that early-treated firms remain in the sample and are compared to later-treated and untreated firms. Therefore,

we follow Cengiz et al. (2019) and adopt the stacked DID approach to alleviate this concern. First, we construct

event-specific datasets. Firms that become treated (with the entry of state equity) in the same year belong to the

same cohort, and so do firms that have not been treated. For each treated cohort (i.e., based on the first entry year

of state equity), we create a dataset that includes treatment firms and a group of control firms that have not received

state equity participation during the sample period, and retain the data over the [�3, +3] treatment window. And

then, we stack all datasets together and estimate the following stacked regression model:

LnGIi,t,c ¼ δ0þδ1STATEi,t�1,cþδi
X

Controlsi,t�1,cþCohort�Yeart,cþ Industryi,cþ εi,t,c ð4Þ

where i, t, and c specify firm, year, and treatment cohort, respectively. STATEi,t�1,c is a dummy indicating whether

firm i in cohort c has been treated in event year t�1. Controls are control variables defined in Table 1. Industry and

Cohort*Year are industry and cohort-year fixed effects, respectively.

Table 11 reports the results of stacked DID analysis. As can be seen from the results, the coefficient of STATE is

0.097, significant at the 5% level, in line with our baseline results. This indicates that our baseline results are not

affected by the potential bias due to heterogeneous treatment effects.
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5 | FURTHER ANALYSIS

5.1 | Channel tests

5.1.1 | Corporate social responsibility channel

Even though there exists debate on corporate social responsibility in family firms due to the possibility that family

firms may undertake strategic activities (Stock et al., 2024), we expect that when state-owned capital enters

family firms, it often leads to an enhanced sense of corporate social responsibility (CSR) in response to climate

change. Dong et al. (2022) indicate that state-owned enterprises in China are motivated to invest resources in CER-

related activities to meet the expectations of their ultimate controller (the government). For family firms, undertaking

social responsibility not only bolsters the firm's social reputation but also helps shape the image of a responsible firm,

thereby increasing stakeholder trust (Maaloul et al., 2023). According to Socioemotional Wealth (SEW) theory, both

financial gains and non-economic factors play an important role in shaping family firms, especially the desire for the

survival and long-term development of the firm, with an emphasis on passing it down through generations. Entrepre-

neurial family firms, which represent the culmination of the family's efforts, typically develop strategies with long-

term interests in mind (Madden et al., 2020). These firms place great importance on the recognition and support of

family members, thus valuing the firm's reputation and its image among stakeholders. As environmental issues gain

greater significance among stakeholders, firms are increasingly inclined to assume social responsibility and mitigate

potential conflicts through proactive green product innovation (Aiello et al., 2021). Therefore, we suggest that the

involvement of state ownership can incentivize family firms to more actively fulfill their corporate social responsibili-

ties, thereby enhancing their level of green innovation.

Accordingly, we use corporate social responsibility (CSR) scores provided by Hexun.com to measure the CSR

performance of family firms. A higher CSR score indicates better CSR performance. To test the CSR channel, we

regress CSR performance on state ownership, with the results reported in Table 12. We observe that the coefficients

of the four state ownership variables are all significantly positive, indicating that state ownership significantly

improves the CSR performance of family firms. Furthermore, the greater the number of state-owned shareholders,

the higher the shareholding of state-owned equity, and the more ownership of state-owned equity, the better the

CSR performance of family firms, which subsequently promotes their green innovation.

TABLE 10 PSM-DID analysis.

LnGI

Treat*After 0.061***

(3.047)

Treat 0.017

(0.715)

Controls Yes

Constant �2.380***

(�10.363)

N 10,062

R2 0.292

Industry Yes

Year Yes

Note: This table reports the regression results of PSM-DID analysis. All variables are defined in Table 1. Values in

parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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5.1.2 | Resource acquisition channel

Introducing state-owned capital is a direct channel for private firms to establish relationships with the government,

imbued with inherent political attributes. Potential political endorsements and implicit guarantees associated with

state-owned capital can enable private firms to secure additional resources, primarily in the form of credit support,

tax reductions, and increased government subsidies (Bai et al., 2019; Hu et al., 2021; Lin & Bo, 2012). These

TABLE 11 Stacked DID analysis.

Variables
(1)
LnGI

STATE 0.097**

(2.251)

Controls Yes

Constant �0.849**

(�2.506)

N 30,930

R2 0.247

Industry Yes

Cohort*year Yes

Note: This table reports the regression results of stacked DID analysis. All variables are defined in Table 1. Values in

parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

TABLE 12 Channel test: Corporate social responsibility.

(1) (2) (3) (4)
CER CER CER CER

State1 1.228***

(5.056)

State2 0.922***

(5.653)

State3 18.585***

(4.825)

State4 6.039***

(4.734)

Controls Yes Yes Yes Yes

Constant �12.231*** �12.296*** �12.690*** �12.733***

(�3.450) (�3.466) (�3.560) (�3.566)

N 8178 8178 8178 8178

R2 0.264 0.265 0.265 0.265

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results of the mediating role of corporate social responsibility. All variables are

defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10% levels,

respectively.
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resources can provide firms with sustainable competitive advantages, and firms with greater resource access are

better positioned to pursue green innovation (Calza et al., 2016). Additionally, state-owned capital can help fam-

ily firms better comprehend government policies and gain advantageous information (Chan et al., 2012). Taken

together, the entry of state-owned equity strengthens the political connections of family firms, which can signif-

icantly alleviate their disadvantages in resource acquisition and thereby promote their engagement in green

innovation activities.

To investigate whether the above resource acquisition channel exists, we regress financial constraints and

government subsidies on state-owned equity variables. Specifically, financial constraints (FC) are measured by

the FC index proposed by Hadlock and Pierce (2010), and government subsidies (Gsub) are measured by the

annual subsidies received by firms. The results are shown in Table 13. From Columns (1)–(4), we can observe

that the coefficients of state ownership variables are negative and statistically significant, supporting the effect

of state ownership in alleviating the financing constraints of family firms. From Columns (5)–(8), we can see that

state ownership variables are significantly positive, indicating that state ownership is helpful in facilitating family

firms in obtaining government subsidies. As such, these results provide supportive evidence for the resource

acquisition channel we proposed to understand the nexus between state ownership and family firms' green

innovation engagement.

5.1.3 | Internal governance channel

The high concentration of control in family firms may place family controllers in a dominant, “one-man” position,

leading to nepotism driven by kinship ties. This may weaken the development and effectiveness of their internal con-

trol system and result in a lack of balance in the internal governance structure of family firms. Prior research has

found that the entry of state-owned capital into private firms helps improve their corporate governance, mitigates

the agency problems between major and minority shareholders, and encourages firms to focus more on long-term

strategic planning (Lu & Shi, 2012; Yu, 2013). Du and Cao (2023) also provide evidence that non-family shareholder

governance promotes the implementation of green innovation strategies in family firms. Therefore, we suggest that

state ownership can improve the internal governance quality in family firms, thereby promoting their green innova-

tion engagement.

To examine the internal governance channel, we use the DiBo Internal Control Index to assess the internal

governance quality of family firms. Given that family ties may result in weaker supervision and less stringent

operational oversight, the management hierarchy sub-index (Neik) is used as the measure. We then regress inter-

nal governance quality on state-owned equity variables, with results reported in Table 14. The coefficients of

State1 and State2 are 4.884 and 3.151, respectively, both statistically significant. This suggests that state owner-

ship contributes to improving the internal control quality of family firms, and as the number of state-owned

shareholders increases, the enhancing effect on internal control quality becomes more significant, thereby fos-

tering higher levels of green innovation.

5.1.4 | Alternative explanation

Alternative explanations may arise for the influence of state-owned capital on family firms' green innovation perfor-

mance. First is the risk-taking channel. It can be argued that family firms may increase their risk-taking capacity after

the entry of state-owned capital, and thus their engagement in green innovation may be affected. Firms with higher

levels of risk-taking capacity are likely to exhibit greater enthusiasm for innovation (García-Granero et al., 2015). Sec-

ond is the managerial overconfidence channel. Considering that green innovation involves high-risk investment,

state-owned equity may influence management's behavior by increasing their overconfidence. As such, managers

TANG ET AL. 19 of 29

 14682443, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/irfi.70039 by Z

hiyong L
i - Southw

estern U
niversity , W

iley O
nline L

ibrary on [01/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
L
E
1
3

C
ha

nn
el

te
st
:R

es
o
ur
ce

ac
qu

is
it
io
n.

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

FC
FC

F
C

FC
G
su
b

G
su
b

G
su
b

G
su
b

St
at
e1

�0
.0
2
6
**
*

0
.8
4
9

(�
7
.2
4
2
)

(1
.6
2
2
)

St
at
e2

�0
.0
1
8
**
*

0
.5
6
8
*

(�
7
.8
5
8
)

(1
.6
4
9
)

St
at
e3

�0
.2
1
1
**
*

2
7
.8
5
2
**
*

(�
4
.4
9
4
)

(2
.8
2
3
)

St
at
e4

�0
.0
4
5
**
*

1
0
.4
3
8
**
*

(�
3
.0
5
9
)

(3
.2
1
0
)

C
o
nt
ro
ls

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

C
o
ns
ta
nt

1
.3
9
3
**
*

1
.3
9
5
**
*

1
.4
0
0
**
*

1
.3
9
9
**
*

�6
3
.2
4
3
**
*

�6
3
.1
5
6
**
*

�6
3
.8
6
1
**
*

�6
3
.9
9
0
**
*

(3
1
.0
9
0
)

(3
1
.1
2
3
)

(3
1
.0
8
8
)

(3
1
.1
4
8
)

(�
9
.3
8
9
)

(�
9
.3
7
5
)

(�
9
.4
3
7
)

(�
9
.4
5
0
)

N
9
7
7
4

9
7
7
4

9
7
7
4

9
7
7
4

7
5
5
7

7
5
5
7

7
5
5
7

7
5
5
7

R
2

0
.6
2
2

0
.6
2
3

0
.6
2
1

0
.6
2
0

0
.2
5
9

0
.2
5
9

0
.2
6
0

0
.2
6
1

In
du

st
ry

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
ea

r
Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

N
ot
e:
T
hi
s
ta
bl
e
re
po

rt
s
th
e
re
gr
es
si
o
n
re
su
lt
s
o
f
th
e
m
ed

ia
ti
ng

ro
le

o
f
re
so
ur
ce

ac
qu

is
it
io
n.

A
ll
va
ri
ab

le
s
ar
e
de

fi
ne

d
in

T
ab

le
1
.V

al
u
es

in
p
ar
en

th
es
es

ar
e
t
st
at
is
ti
cs
.*
**
,*
*,
an

d
*
in
d
ic
at
e

si
gn

if
ic
an

ce
at

th
e
1
%
,5

%
,a
nd

1
0
%

le
ve

ls
,r
es
pe

ct
iv
el
y.

20 of 29 TANG ET AL.

 14682443, 2025, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/irfi.70039 by Z

hiyong L
i - Southw

estern U
niversity , W

iley O
nline L

ibrary on [01/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



TABLE 14 Channel test: Internal governance.

(1) (2) (3) (4)
Neik Neik Neik Neik

State1 4.884**

(2.316)

State2 3.151**

(2.186)

State3 22.267

(0.750)

State4 6.442

(0.668)

Controls Yes Yes Yes Yes

Constant 231.341*** 230.868*** 229.989*** 230.007***

(8.598) (8.560) (8.549) (8.550)

N 7271 7271 7271 7271

R2 0.134 0.134 0.133 0.133

Industry Yes Yes Yes Yes

Year Yes Yes Yes Yes

Note: This table reports the regression results of the mediating role of internal governance. All variables are defined in

Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

TABLE 15 Risk taking and managerial overconfidence.

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

State1 �0.001 �0.001

(�1.062) (�0.342)

State2 �0.000 0.000

(�0.984) (0.107)

State3 �0.002 0.020

(�0.217) (0.458)

State4 0.000 0.001

(0.016) (0.107)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Constant 0.107*** 0.107*** 0.107*** 0.107*** 0.572*** 0.572*** 0.571*** 0.571***

(10.078) (10.084) (10.083) (10.076) (11.525) (11.521) (11.501) (11.511)

N 9571 9571 9571 9571 9058 9058 9058 9058

R2 0.141 0.141 0.141 0.141 0.351 0.351 0.351 0.351

Industry Yes Yes Yes Yes Yes Yes Yes Yes

Year Yes Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the regression results of the mediating role of corporate social responsibility. All variables are

defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10% levels,

respectively.
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may overestimate the probability of success in risky investments, driven by their self-assessment of abilities and

favorable external conditions.

To further validate the robustness of our findings, we explore two alternative explanations. Specifically, fol-

lowing John et al. (2008), we measure risk-taking (Risk) using the three-year rolling standard deviation of ROA,

adjusted for industry-level and year-level means. Additionally, we construct a comprehensive variable to measure

managerial overconfidence (OC), incorporating data on manager gender, age, educational background, and the

duality of CEO and chairman roles. We then regress risk-taking and managerial overconfidence on state-owned

equity variables. As indicated by the results in Table 15, the coefficients of the state ownership variables are insig-

nificant. Consequently, these two potential explanations are ruled out, providing further support for the channels

identified in our study.

5.2 | Cross-sectional analysis

Given that firms with different characteristics may exhibit substantial variation in their green innovation strategies,

the impact of state ownership on the green innovation performance of family firms may vary among firms. Therefore,

we conduct a heterogeneity analysis to deepen our understanding of the contextual factors that moderate the asso-

ciation between state ownership and the green innovation performance of family firms.

5.2.1 | Heavily polluting firms and non-heavily polluting firms

Compared to non-heavily polluting firms (NPF), heavily polluting firms (HPF) face greater challenges and a

more stringent financing environment. Some studies have found that HPFs in China suffer from reductions in

bank loans following the introduction of environmental regulations (Liu et al., 2019). However, more research

suggests that HPFs are motivated to enhance their green innovation performance under China's green financ-

ing policy, green industrial policy, and dual carbon policy (Chang et al., 2024; Hong et al., 2024; Lin &

Pan, 2024; Zhu & Tan, 2022). Accordingly, we expect that the impact of state ownership may differ signifi-

cantly between NPFs and HPFs, and therefore, a heterogeneity analysis is conducted to explore this

distinction.

The sample of family firms is divided into two groups: non-heavily polluting industries and heavily pollut-

ing industries.2 We then run subsample regression on Model (1). As indicated by the results in Table 16, the

promoting effect of state ownership is only significant within the sample of NPFs. This suggests that, given

HPFs are driven toward green innovation by stringent environmental regulations in the Chinese context of

low-carbon development, state ownership has a more profound impact on family firms' green innovation

within NPFs.

5.2.2 | Information transparency

Information transparency is a critical factor in corporate financing, playing a key role in alleviating constraints on

green innovation investment (Lin et al., 2013). We expect that for family firms with higher information transpar-

ency, state-owned equity exerts a more significant effect. We use the information disclosure quality ratings by the

Shenzhen and Shanghai Stock Exchanges as the measure, which classify information disclosure quality into four

categories: excellent, good, pass, and fail. Specifically, a score of 0 is assigned to “fail,” and a score of 1 is assigned

otherwise. We then conduct subsample regression analysis based on Model (1). As indicated by the results in
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Table 17, the promoting effect of state ownership is significant only among family firms with high information

transparency, in line with our expectation.

5.2.3 | Market competition

Market competition is a critical factor influencing corporate green innovation, yet the literature presents mixed find-

ings. Evidence suggests that market competition can drive green innovation, while excessive competition may hinder

it, potentially leading to a non-linear relationship between the two (Aghion et al., 2005; Lambertini et al., 2017). It

can be inferred that lower levels of market competition enable firms to secure more resources and funds through

market share, where stable competition helps mitigate costs and reduce risks associated with green innovation

(Beneito et al., 2017). Consequently, we anticipate that the influence of state ownership on green innovation may

vary for family firms facing different levels of market competition.

We use HHI as a proxy for the level of market competition, with a higher HHI indicating less competition. The

sample is divided into two groups based on the median HHI score: low competition and high competition. We then

conduct subsample regression analysis based on Model (1). As shown in Table 18, the promoting effect of state own-

ership is significant only in the low competition group. This implies that in markets with lower competition, state-

owned equity—along with its inherent resource and policy advantages—can more effectively foster green innovation

within family firms.

TABLE 17 Information transparency.

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

LnGI LnGI LnGI LnGI LnGI LnGI LnGI LnGI

State1 �0.175 0.044**

(�0.746) (2.153)

State2 �0.021 0.030**

(�0.140) (2.267)

State3 3.342 0.746**

(0.872) (2.390)

State4 0.906 0.168*

(0.807) (1.738)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Constant �2.765* �2.019*** �2.742* �2.027*** �3.181** �2.043*** �3.151** �2.038***

(�1.888) (�8.398) (�1.844) (�8.405) (�2.073) (�8.475) (�2.036) (�8.467)

N 138 8583 138 8583 138 8583 138 8583

R2 0.647 0.290 0.644 0.290 0.648 0.290 0.647 0.290

Industry Yes Yes Yes Yes Yes Yes Yes Yes

Year Yes Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the sub-group regression results between high and low information transparency firms. All variables

are defined in Table 1. Values in parentheses are t statistics. ***, **, and * indicate significance at the 1%, 5%, and 10%

levels, respectively.
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6 | CONCLUSION AND IMPLICATION

This study uses a sample of entrepreneurial family firms in the Chinese A-share market during 2008–2021, empiri-

cally assessing the impact of state ownership on green innovation and identifying boundary conditions.

We have the following findings: First, the presence of state-owned equity significantly enhances the green inno-

vation performance of family firms. Specifically, more state-owned shareholders among the top 10 shareholders,

greater shareholdings of state-owned equity, and increased state ownership are associated with enhanced green

innovation performance of family firms. These findings remain robust after a series of robustness checks and

addressing endogeneity concerns. Second, the promoting effect of state ownership is more significant when the

firm's CEO has green experience and when the firm is located in a region with a strong Confucian influence. How-

ever, this positive effect diminishes when the firm undergoes intergenerational succession. Third, channel tests

reveal that state-owned equity positively affects the green innovation of family firms via three underlying channels:

enhancing their CER performance, improving their access to financial resources, and promoting their internal gover-

nance quality. Finally, cross-sectional analyses show that the promoting effect of state ownership on family firms'

green innovation performance is more significant among NHF, firms with higher information transparency, and those

facing lower levels of market competition.

Our findings provide implications for both family firms and policymakers. First, the positive role of state owner-

ship in promoting the sustainable transformation and development of the private economy in the Chinese context

should be highlighted. Our results show that state ownership in family firms helps acquire more essential financial

resources, bolster their CER performance, and improve their internal governance quality. These benefits collectively

support their increased green innovation efforts and strengthen long-term competitiveness. Therefore, family firms

are encouraged to prioritize the introduction of state-owned capital. Second, family firms should tailor their green

innovation strategies to their specific internal and external contexts. In particular, positive factors can be leveraged

to enhance green innovation, such as the CEO's green experience and regional Confucian culture. Meanwhile, atten-

tion must be given to potential drawbacks, such as the possible negative impacts of second-generation involvement

during periods of intergenerational succession. Third, policymakers are encouraged to recognize and harness the cru-

cial role of state-owned equity in driving low-carbon economic transformation and development. Accordingly, the

positive effects of reverse mixed ownership reform have been validated, and it can be further improved to maximize

the benefits of state-owned equity in promoting sustainable growth within family firms.
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