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Abstract

Although carbon neutrality is a global aim, the potential drivers and influence

mechanisms of corporate governance communities are unclear. This study

examines the impact of director's network location on corporate environmental

investment (CEI) and explores potential channels for CEI performance changes.

Using a sample of 495 listed firms in China from 2015 to 2019, we construct a

director-based network using contacts of independent company directors. Results

indicate that director's network location has positive economic impacts on CEI

performance and that financing constraints are an important mechanism of

director's networks affecting CEI. Director's networks positively affect corporate

performance by improving CEI. Results are robust to endogeneity concerns and

contribute to the CEI literature by showing a positive effect between director's

network and CEI, as well as between director's network and enterprise value. This

paves the way for policymakers, managers, and investors to understand the

influence of director's network on CEI performance.
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1 | INTRODUCTION

Achieving carbon neutrality, or zero emission, is a global aim (Jiang

et al., 2021). Joint global efforts are needed to address this emerging

issue. China's fast-growing economy has made it one of the world's

highest emitters of carbon (Wang & Yang, 2020). To realize national

strategic needs and consider the overall international and domestic

situations, China put forward the goals of a carbon emission peak in

2030 and carbon neutrality in 2060. Emission peak refers to China's

commitment to stopping the increase of carbon dioxide emissions by

2030 and, at the same time, to reducing carbon dioxide emissions

gradually after a peak has been reached. Carbon neutrality refers to

offsetting carbon dioxide emissions by greening the environment and

saving energy (Tang et al., 2018). The carbon emissions generated by

enterprises accounted for more than 90% of the total energy carbon

emissions (Busch & Hoffmann, 2011). Therefore, it is urgent that

enterprises in China are encouraged to participate in carbon peak and

carbon neutrality schemes.

Environmental investment is a special type of investment allowing

enterprises to practice social responsibility activities, which is an

important way for enterprises to participate in achieving the goal of

carbon neutrality and emission peak (Yang et al., 2020). Corporate

environmental investment (CEI) is the financial disclosure in the

reporting of corporate social responsibility (CSR), which is not only a

manifestation of capital investment but also a decision of corporate

governance (Bhandari & Javakhadze, 2017). In essence, companies

can obtain many benefits by improving CEI, which include excellent

prestige (Aguilera-Caracuel & Guerrero-Villegas, 2018), market value
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(Kong et al., 2014), and investment efficiency (Benlemlih &

Bitar, 2018).

However, as a special investment of enterprise, CEI involves

multiple interests, including social, economic, and environmental, with

some basic characteristics being a long investment cycle, low

economic benefits, high opportunity cost, and insufficient incentive

mechanisms, which make CEI a sort of “passive” behavior of

enterprises (Kearins et al., 2010). Based on a basic understanding of

CEI, the potential factors of CEI performance have been documen-

ted, including both external and internal factors, with the external

factors mainly being environmental regulation (Han, 2020), market

competition (Ducassy & Montandrau, 2015; Luken et al., 2008),

and external pressure (Testa et al., 2018), and the internal corporate

factors mainly being internal control (Yang et al., 2020), corporate

culture (Sugita & Takahashi, 2015), and board structure (Post

et al., 2011). Although the aforementioned literature has explored

the heterogeneous performance of CEI in corporate governance,

an important branch of the characteristics of the board has

been ignored, especially from the perspective of the director's

network.

Director's network is a social network formed by the relationship

between directors (Larcker et al., 2013). The existing literature has

shown that directors can improve the corporate network through

their own relationships (Rossi et al., 2018). An effective director's net-

work has the following functions: to increase access to resources and

information, to facilitate the flow of information and transfer of

knowledge (Hillman, 2005), to give directors more influence and

power, to improve director's governance ability and motivation, and

to improve board members' regulators and executors (Adler & Seok-

Woo, 2002). Previous research on director's network and corporate

governance looks at corporate performance (Larcker et al., 2013),

merger and acquisition transaction (Cai & Sevilir, 2012), social respon-

sibility (Nandy et al., 2020), compensation of directors (Ferris

et al., 2020), and financial report quality (Intintoli et al., 2018).

Previous literature also shows that board characteristics are

related to corporate environmental decisions. In terms of environ-

mental disclosure, Roberts (1992) finds a positive correlation

between the proportion of external independent directors and the

information disclosure of corporate environmental protection behav-

ior. Haniffa and Cooke (2005) believe that the environmental behav-

ior of enterprises is promoted when the sources of directors are

diversified and the number of directors is reasonable. Regarding CEI,

Nada et al. (2001) point out that the CEO, as chairman of the

board, is negatively related to environmental investment. Sheng

et al. (2011) find a negative correlation between executive political

relationships and corporate investment efficiency. Atif et al. (2020)

confirm the influence of female directors on the scale of environ-

mental investment in enterprises. The director's network formed by

the relationship between directors is one of the characteristics of

the board that affects the governance ability and motivation of

directors and affects the formulation of CSR strategy (Cullinan

et al., 2017; Mason & Simmons, 2014). Therefore, CEI, as an impor-

tant part of CSR, may be affected by the network characteristics of

company corporate directors. However, the impact of board charac-

teristics on environmental investment from the perspective of a

director's network is a research gap. Therefore, the above-

mentioned reasons inspired us to investigate CEI performance from

a broad perspective of the director's network location of the board

of directors.

Based on the aforementioned analysis, we assume that a firm's

environmental investment may be closely related to its director's net-

work location. Thus, we aim to address the following questions in this

research:

Q1: Does the director's network location of a firm affect its CEI

performance?

We further explore the influence mechanism of the director's net-

work on CEI. Inspired by agency theory and resource dependence

theory, we find that the director's network can affect the financing

constraints of enterprises, and financing constraints are an impor-

tant factor affecting CEI (Bernanke & Gertler, 1989; Chang &

Wu, 2021; Engelberg et al., 2012). Accordingly, we ask the following

questions:

Q2: How does the director's network location of a firm affect its CEI

performance?

Q3: Can the director's network affect CEI by alleviating the financ-

ing constraints of enterprises?

The enterprise value is influenced by the characteristics of the board,

and the director's network is one of those characteristics. Previous

research on director's networks and enterprise value has not yet

reached a final conclusion (Fich & Shivdasani, 2006; Hillman &

Dalziel, 2003; Kim, 2005). Many researchers, such as Lee et al. (2015),

have also studied the impact of CEI on enterprise value. We are inter-

ested in the relationship between the director's network location, CEI,

and enterprise value. Therefore, we formulate the following research

questions:

Q4: How does the director's network location of a firm affect its

enterprise value?

Q5: Does CEI moderate the relationship between the director's net-

work location of a firm and enterprise value?

To answer these questions, we collect the unbalanced panel data of

495 listed companies' A shares in Shenzhen and Shanghai from 2015

to 2019 to test the relationship between director's networks and CEI

based on agency theory and resource dependence theory. Following

the research of Larcker et al. (2013) and Amin et al. (2020), we mea-

sure the director's network connection by using network centrality of

directors. We calculate three indicators of degree centrality, closeness

centrality, and betweenness centrality. Degree centrality refers to the

number of direct connections between an independent director and

other directors, focusing on the activity of communication in the net-

work (Amin et al., 2020; Larcker et al., 2013). Closeness centrality is

2 WANG ET AL.
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the reciprocal of the sum of the shortest connection distances

between an independent director and other directors, which mainly

measures the effectiveness of communication in the network (Amin

et al., 2020; Larcker et al., 2013). Betweenness centrality means that

intermediary centrality measures the control degree of different con-

nections in the director network, that is, the ability of independent

directors as mediators (Amin et al., 2020; Larcker et al., 2013). Accord-

ing to the three centralities, we calculate the centrality index of inte-

grated enterprise network as an index to measure the network of

independent directors. In further analysis, we examine the mechanism

by which the director's network affects CEI, and we explore whether

financing constraints play an intermediary role in the director's net-

work relationship to environmental investment. Furthermore, we also

measure enterprise value in terms of economic value added (EVA),

through a stepwise regression coefficient test, to confirm whether the

impact of the director's network on CEI leads to changes in enterprise

value.

Our main results show a significant positive correlation between

director's networks location and environmental investment. This

result is valid in the regression test between the comprehensive index

of director's network centrality, degree centrality, closeness centrality,

betweenness centrality, and environmental investment. The results

from further analysis show that one of the ways in which the direc-

tor's network location affects environmental investment is through

financing constraints, and the director's network increases the envi-

ronmental investment of the enterprise by reducing the financing con-

straints of the enterprise. The centrality of a director's network has a

positive impact on enterprise value. We indicate that environmental

investment plays an intermediary role in the relationship between a

director's network and enterprise value. Our results are robust for

both the test of variable substitution and the control of endogenous

problems.

The contributions of our research are as follows. This is the first

comprehensive study to explore the relationship between a direc-

tor's network location and CEI. Previous studies on the impact of

corporate governance on CEI only focused on controlling share-

holders, management shareholding ratio, and so on (Li et al., 2020).

Although previous studies have confirmed the correlation between

director's networks and CSR, we further explore the relationship

between environmental investment, which is affected by CSR

decision-making and the director's network. It enriches the relevant

literature on director's networks and corporate governance, as well

as encouraging enterprises to pay more attention to the role of

independent directors in environmental investment decisions. We

further study the path of the director network's impact on CEI and

the impact of the director's network on enterprise value, which has

reference significance for enterprises' environmental investment

decisions.

The remainder of this paper proceeds as follows. In Section 2, we

propose the hypotheses and theoretical basis. In Section 3, we

describe the data and variable measurements. In Section 4, we pre-

sent the empirical results and further analysis. Finally, we summarize

our research in Section 5.

2 | LITERATURE REVIEW AND
HYPOTHESES DEVELOPMENT

2.1 | Literature review

Previous studies show that directors with strong networks have

better connections and have more advantages than those with

weaker networks (Egginton & McCumber, 2019; Faleye

et al., 2014; Miranda-Lopez et al., 2019). In research on director's

networks, centrality is the most commonly used method for mea-

suring location among directors (Burt, 1997). If a director is well

connected, his location advantage will enable him to have more

resources and information communication channels than other peo-

ple who are not well connected (measured by degree centrality). At

the same time, if there are fewer degrees of separation between a

director and other directors, which means he or she is more closely

related to other directors, he or she can obtain a faster speed of

resource exchange because of the advantage of location (measured

by closeness centrality). Moreover, if a director can act as the key

to the exchange of resources and information between other direc-

tors, that is, between pairs of other directors, he or she has more

lines of communication, then their network centrality is better

(measured by betweenness centrality). Generally speaking, the bet-

ter the director's network location, the higher the network central-

ity and the stronger his ability to obtain resources and information

in the network (Godigbe et al., 2018); this will affect the corporate

governance ability of independent directors. The existence of direc-

tor's network strengthens the reputation effect of independent

directors (Chuluun et al., 2014). For independent directors, the rep-

utation incentive of director's network will also affect their corpo-

rate governance motivation and decisions. Therefore, the difference

in director's network characteristics represents the difference in

governance motivation and governance ability of independent direc-

tors in corporate governance decision-making. The higher is the

director's network centrality, the more obvious their governance

effect.

Previous studies have analyzed the influencing factors and roles

of corporate environmental investment. On the influencing factors of

Environmental Protection Investment in Enterprises, Han (2020)

believes that environmental regulations will affect enterprises' envi-

ronmental investment. Kong et al. (2020) find that the business strat-

egy of enterprises has a significant impact on environmental

protection behavior. Atif et al. (2020) find that the proportion of

female directors on the board of directors was positively correlated

with the environmental protection investment of enterprises. As for

the role of environmental investment in enterprises, Orsato (2006)

finds that some companies gained core competitiveness through envi-

ronmental investment. De Miguel and Pazo (2017) find that environ-

mental investment is positively related to the innovative behavior of

Spanish manufacturing companies. Ambec and Lanoie (2008) believe

that environmental investment can improve the environmental perfor-

mance and financial performance of enterprises and achieve a win–

win situation.

WANG ET AL. 3
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Corporate environmental investment is not only the behavior of

the management in pursuit of the economic interests of the enterprise

but also their behavior in fulfilling social responsibility (Hambrick &

Mason, 1984). According to the previous literature, it can be found

that environmental investment decisions are not only directly subject

to the government's environmental policies but also affected by the

internal corporate governance mechanism. Corporate environmental

investment is a high investment, but it is difficult for it to bring direct

economic benefits, and it crowds out production funds (Gray &

Shadbegian, 2003). Therefore, in the case of information asymmetry

and the conflict between environmental protection and economic

development, agents may undertake short-sighted behavior to reduce

environmental investment in the process of realizing enterprise eco-

nomic benefits, in order to bring higher incentive benefits for them-

selves and maximize their own interests (Yang et al., 2021). The

environmental investment decision of the enterprise can be seen to

be affected by the agency problem and restricted by company

resources. Referring to the previous literature, this study believes that

the theoretical explanation for the relationship between a director's

network and CEI is rooted in two perspectives, namely, agency theory

and resource dependence theory.

2.2 | Hypotheses development

According to agency theory, the board of directors can make the

interests of managers consistent with the interests of shareholders

through the implementation, supervision, and governance mecha-

nisms (Hart, 1995) or the use of incentive schemes (Meckling, 1976).

Independent directors can coordinate the interests of stakeholders,

managers, and shareholders; they can perform fiduciary obligations

more faithfully, maintain the company by reducing management

opportunism, and protect the results of the social responsibility and

financial performance of the company (Fama, 1980). Reputation is an

important motivation for independent directors in playing a role

(Fama & Jensen, 1983). In recent years, stakeholders have paid

increasing attention to CSR (Zhang et al., 2020), and independent

directors must consider the potential reputation damage cost of insuf-

ficient social responsibility (Liu et al., 2016). As independent directors

with higher director's network centrality can obtain higher reputation

incentives embedded in the director's network, they have more moti-

vation for supervising the management's decision-making regarding

social responsibility activities and restraining opportunistic behavior.

In addition, as the network of directors can bring potential positions in

the board market to independent directors (Cashman, 2010), in this

case, because it is less subject to management and major share-

holders, and its “bargaining” power is also relatively stronger, it is

more likely to take into account the long-term interests of stake-

holders and the company in the company's environmental investment

decisions and express objective independent opinions. Generally

speaking, independent directors with a high director's network cen-

trality will supervise the management's opportunistic behavior more

actively from governance motivation, in order to reduce the

company's agency cost and increase the enterprise's environmental

investment.

According to the theory of resource dependence, the board of

director's most important responsibility is to provide resources.

These resources mainly include four types: information exchange

channels (Hillman et al., 1999), consulting functions (Westphal,

1999), reputation, and external resource acquisition (Zald, 1969).

According to this theory, the professional knowledge of the board

of directors and the network relationship of the board of directors

can help enterprises achieve social and economic performance. The

network of directors enables independent directors with external

connections to provide managers with key resources that are

useful for the operation and strategic development of the company,

such as professional knowledge, influence, information, skills, and

advice, which are of strategic significance to the performance

of CSR.

The better is the network connection of independent directors,

the higher the efficiency of information and knowledge transmission

(Hillman, 2005). Larcker et al. (2013) propose that a director's

network can bring information advantages for enterprises to cope

with market changes and predict the future development of the

market. Schoorman et al. (1981) put forward a similar point of view,

believing that for competitors, suppliers, and customer information

access and grasp, more network-centric enterprises have an

advantage. The higher is the centrality of the independent director's

network of the company, the better the director's network location of

the company director. Therefore, the higher the director's network

centrality, the better the governance ability of independent directors,

which is reflected in the acquisition of more resources, information,

and knowledge for the company, while affecting CSR activities.

Independent directors with higher director's network centrality are

likely to become better consultants and supervisors, helping managers

adopt practices that can improve the value of CSR and increase

corporate investment in environmental protection.

In summary, the theoretical argument shows that the director's

network can alleviate the agency problem of enterprises and provide

enterprises with more access to information, knowledge, and

resources, which influences the environmental investment of enter-

prises. The higher the centrality of the director's network, the more

advantages can be gained in the network. Based on the above analy-

sis, we propose the following hypotheses:

Hypothesis 1. The centrality of a director's network is

positively related to the environmental investment of

enterprises.

Hypothesis 2. The degree centrality of a director's net-

work is positively related to the environmental invest-

ment of enterprises.

Hypothesis 3. The closeness centrality of a director's

network is positively related to the environmental

investment of enterprises.

4 WANG ET AL.
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Hypothesis 4. The betweenness centrality of a direc-

tor's network is positively related to the environmental

investment of enterprises.

The research framework of this study is presented in Figure 1.

3 | DATA AND VARIABLE MEASUREMENT

3.1 | Data and sample selection

The data in this study are from three main sources: First, corporate

financial performance and board data are from the China Securities

Market and Accounting Research (CSMAR) database; second, CEI data

are from the CSMAR database, with partly missing data from the offi-

cial website of the China Securities Regulatory Commission; third, raw

data on regional economic development level and regional environ-

mental regulation intensity are from the official website of the China

Statistical Yearbooks.

Sample selection criteria in this paper have four main aspects:

(1) All quoted firms must be listed on Shenzhen and Shanghai Stock

Exchanges between 2015 and 2019, because the newly revised

Environmental Protection Law was issued on January 1, 2015;

(2) due to the peculiar operating characteristics and industry prop-

erty, we first exclude insurance, financial, and securities listed com-

panies; (3) we also exclude empirical samples with special treatment

firms, such as ST (the company has suffered losses for two consecu-

tive years), SST (the company has suffered losses for two consecu-

tive years and has not completed the share reform), and *ST (the

company has suffered losses for three consecutive years); (4) some

firms without disclosed CEI data, or those missing the board data

and financial data, are also excluded. We should notice that the

new Environmental Protection Law, the strictest environmental pro-

tection law in Chinese history, was revised on January 1, 2015, pro-

viding an unprecedented environmental protection guideline for CEI

decisions. As such, we select this as the starting point. Finally, we

merge all raw data according to stock code and obtain 895 firm-

year observations in our sample set.

3.2 | Variable descriptions

3.2.1 | Dependent variable

We choose environmental investment as the main dependent

variable, and we specify CEI as the measure, following previous

research (Li & Lu, 2016; Patten, 2005). In this study, we take the

natural logarithm of environmental investment to measure CEI.

3.2.2 | Independent variables

The connection of the director's network is defined as the same inde-

pendent director of the same year serving on two boards of directors

at the same time. In our director's network, this kind of independent

director who serves on two boards of directors at the same time is a

link, and the board of directors of each company is a node. Our study

does not take into account the contacts of directors within the com-

pany, and repeated links to multiple common independent directors

are also excluded. We consider the network between the boards of

directors of different companies.

The first object worth studying is the independent director, to

study the influence of director's networks on director governance

behavior. Independent directors play a prominent role as a “bridge” in
the director's network, occupying the advantage of information and

control, while the position of internal directors in the entire network

of directors of listed companies is often illiquid and belongs to rela-

tively isolated individuals. In the position of “passive acceptance,” the
network characteristics are not obvious. At the same time, the weak

connection advantage theory holds that independent directors master

most of the weak connections in the director's network, which not

only plays the role of information communication (Granovetter, 1973)

but also grasps the exchange, borrowing, and grabbing of resources,

so independent directors play a key role in the network of directors.

Therefore, we choose independent directors to study the impact of

director's networks on director governance behavior.

To measure the director's network location, we use the index of

the director's network centrality. Based on the existing literature (El-

F IGURE 1 The research framework
of this study
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Khatib et al., 2015), we choose three indicators: degree, closeness,

and betweenness.

Degreei ¼
P

jXji

g�1

In this formula, i and j, respectively, represent different directors in

the network, if i and j at least serving on the same board is 1,

otherwise it is 0. G is the total number of directors of listed companies

in that year; (g � 1) is used to eliminate differences in size.

Betweennessi ¼
P

j< kgjk nið Þ=gjk
g�1ð Þ g�2ð Þ=2:

In this formula, gjk is the number of necessary shortest paths for

the connection between director j and k,
P

j< kgjk nið Þ=gjk is the degree

of director i in the shortest path of all other director–director connec-

tions in the entire director network. g is the number of directors in the

network of listed companies in the current year, and g�1ð Þ g�2ð Þ=2
is the elimination of the difference in the scale of the director network

of listed companies in different years.

Closenessi ¼ g�1Pg
j¼1d i, jð Þ

In this formula, d i, jð Þ is the distance between directors i and j.Pg
j¼1d i, jð Þ is the sum of the shortest distances between director i and

other directors.

The larger is the degree of an independent director, the more

directly the other directors are connected to that director.

Closeness is a measure of the number of steps connected between

two independent directors, which reflects the intimacy of the

relationship between independent directors and the highest-ranking

directors in the network. Independent directors with high between-

ness have a greater advantage in obtaining information in the

whole network because betweenness measures the shortest path

between two independent directors in the network (Nandy

et al., 2020).

To comprehensively measure the director's network, this study

considers three indicators (Larcker et al., 2013). We end up with four

independent variables. The construction steps of the director's

network are presented in Figure 2. A detailed description of the

metric construction is as follows:

Step 1: We first collect the personal data of all directors of the

entire A-share listed company, sort them into a matrix form,

and calculate the network centrality of each director (degree

centrality, closeness centrality, and betweenness centrality). The

network centrality index is calculated using the large-scale social

network analysis software PAJEK.

Step 2: We next select companies with data on environmental

investment available from 2015 to 2019 as sample companies.

Step 3: We screen out data of degree centrality, closeness

centrality, and betweenness centrality of the independent

directors of each sample company.

Step 4: The maximum values of degree centrality, closeness

centrality, and betweenness centrality among all independent

directors of each company are, respectively, selected to

calculate degree centrality, closeness centrality, and between-

ness centrality at the company level, which is used to measure

the location of the director's network of the company.

Step 5: To eliminate the dimensional differences of each central

index and the influence of outliers, as well as to highlight the

F IGURE 2 The construction steps of the
director's network

6 WANG ET AL.
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differences in indicators, we divide the sample into five quintiles

in each year based on the degree, closeness, and betweenness

centralities. Through this calculation, the comprehensive corpo-

rate network centrality index Q (n score) is obtained as the main

analysis variable. The aggregated board centrality measure

Q (n score) is defined as follows:

Q nscoreð Þ¼ Quint
1
3

QuintðdegreeÞþQuintðclosenessÞf
"

þQuintðbetweennessÞg
#

ð1Þ

3.2.3 | Control variables

We select control variables according to previous research and divide

them into three categories: (i) corporate governance variables,

(ii) corporate financial performance, and (iii) external factors. First, we

follow prior literature on corporate environmental protection and

social responsibility (Hollindale et al., 2019; Jo & Harjoto, 2012): The

corporate governance variables mainly contain the shareholding ratio of

the largest shareholder, the proportion of independent directors, and

the integration of the two positions; second, inspired by Amin et al.

(2020) and Larcker et al. (2013) that corporate financial performance

has an important influence on director's network connections, we

therefore control enterprise size, corporate performance, and cash

holding level; and third, following Gan et al. (2021), external factors,

including the regional economic development level, the level of

regional marketization, and the nature of equity, have an important

effect on CEI; therefore, we also control for external factors. Finally,

the fixed effects of industry and year are controlled (Nandy

et al., 2020). All independent, dependent, and control variables are

shown in Table 1.

3.3 | Descriptive statistics

We present the descriptive statistics of the dependent, independent,

and control variables. Table 2 shows the descriptive statistics of CEI.

After the implementation of the new Environmental Protection Law in

2015, the average value of CEI has gradually increased year by year,

and the maximum and minimum values have also increased year by

year, indicating that Chinese enterprises have paid increasing atten-

tion to environmental investment in recent years. As for the standard

deviation of CEI, we can see it is relatively large, which indicates

prominent individual differences of CEI.

TABLE 1 Variable selection and definition

Variable name
Variable
symbol Variable description

Independent variable

Director's network centrality Q(n score) Equation (1)

Degree centrality Q(degree) Quartile ranking of degree centrality

Closeness centrality Q(closeness) Quartile ranking of closeness centrality

Betweenness centrality Q(betweenness) Quartile ranking of betweenness centrality

Dependent variable

Corporate environmental investment CEI The natural logarithm of the total investment in environmental protection of

enterprises

Control variable

Enterprise size Size Standardized data on total assets at the end of the year

Corporate performance Roa Return on total assets

Cash holding level Cash Year-end monetary fund amount/average total assets

The proportion of independent

directors

Si The proportion of independent directors to the board of directors

Shareholding ratio of the largest

shareholder

Lshr The shareholding ratio of the largest shareholder

Integration of the two positions Dual If CEO is the chairman, the virtual variable equals 1, otherwise it equals 0

Industry Industry Industry classification of SFC in 2012

Year Year Year

Nature of equity Soe When state-owned, the value is 1, otherwise 0

Regional economic development Led Natural logarithm of actual per capita GDP in the registered area of the company

The level of regional marketization Region The marketization value of provinces, cities and regions constructed by Fan Gang and

Wang Xiaolu[1]

Note: CEI, corporate environmental investment; SCF, industry classification standards of China securities regulatory commission.

WANG ET AL. 7
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Table 3 presents the descriptive statistics of the independent and

control variables. The median degree is 37, indicating that the core

firm is connected with 36 other corporate directors. At the same time,

the betweenness score of most companies is close to zero. Average

closeness centrality is 0.152, and the difference between the maxi-

mum and minimum is minor. As we can see from the table, n score,

the total index of the director's network centrality, has an average

value of approximately 3, indicating that the overall network connec-

tion is good.

The average property right, Soe, is approximately 0.449, indicat-

ing that non-state-owned enterprises account for the majority of the

samples. The average regional economic development level (Led) is

11.193, and the average of regional marketization level (Region) is

8.493. The difference between the maximum and the minimum is

huge, which indicates that there are great differences in the levels of

regional marketization in different provinces of China.

4 | EMPIRICAL ANALYSIS

4.1 | Multiple regression and analysis

To investigate the relationship between the director's network

characteristics and CEI, the models are set as follows:

CEIi,t ¼ β0þβ1Q nscoreð Þi:tþ
X

Controlþε ð2Þ

CEIi,t ¼ β0þβ1Q degreeð Þi:tþ
X

Controlþε ð3Þ

CEIi,t ¼ β0þβ1Q closenessð Þi:tþ
X

Controlþε ð4Þ

CEIi,t ¼ β0þβ1Q betweennessð Þi:tþ
X

Controlþ ε ð5Þ

where i denotes firms and t denotes years. The definitions of the

dependent, independent, and control variables in Equations (2)–(5)

can be found in Section 3.2.

We then conduct the ordinary least squares regression and

compare the effects of the total index (n score) and the single index

(degree, closeness, and betweenness) on CEI. We winsorize the

continuous variables in the 1% and 99% quantiles. The empirical

results are presented in Table 4. From the first to the fourth columns

of Table 4, we study the impact of the quartile centrality index Q

(n score), Q (degree), Q (closeness), and Q (betweenness) on CEI.

Correspondingly, the coefficients of Q(n score), Q (degree),

Q (closeness), and Q (betweenness) are 0.161, 0.123, 0.141, and

0.144, respectively, and all of them are positively correlated and

significant at the 1% level, which is statistically significant.

According to the empirical results in Table 4, we conclude that

the higher the centrality of the director's network, the higher the

TABLE 3 Descriptive statistics of
independent and control variables

VARIABLES Obs Mean SD p25 Median p75 Max Min

Degree 895 36.416 15.361 25 37 47 92 4

Closeness 895 0.152 0.04 0.149 0.162 0.173 0.194 0

Betweenness 895 0.003 0.002 0.001 0.002 0.004 0.015 0

N score 895 2.991 1.319 2 3 4 5 1

Size 895 0.018 0.071 0.001 0.004 0.011 1 0

Roa 895 0.052 0.061 0.018 0.044 0.084 0.358 �0.362

Cash 895 0.169 0.129 0.078 0.136 0.22 0.899 0

Bi 895 0.375 0.059 0.333 0.333 0.429 0.8 0.3

Lshr 895 36.4 15.531 25.49 34.98 46.16 89.09 4.08

Dual 895 0.25 0.433 0 0 1 1 0

Soe 895 0.449 0.498 0 0 1 1 0

Led 895 11.193 0.419 10.809 11.221 11.55 12.009 10.172

Region 895 8.493 1.914 7.1 9.15 9.97 11.4 1

TABLE 2 Descriptive statistics of CEI
Year Obs Mean SD p25 Median p75 Max Min

2015 88 7.537 2.49 6.413 7.81 9.115 11.83 �0.916

2016 349 6.949 2.367 5.278 7.139 8.485 15.06 �0.223

2017 172 7.949 2.47 6.358 8.116 9.424 18.17 �0.371

2018 159 8.352 2.471 6.715 8.488 9.872 18.74 3.729

2019 127 8.145 1.964 6.72 8.2 9.585 13.89 3.612

Total 895 7.618 2.43 5.991 7.806 9.206 18.74 �0.916

Note: CEI, corporate environmental investment.

8 WANG ET AL.
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environmental investment of enterprises. This positive effect is

straightforward: First, the higher the director's degree centrality, the

more active the director at the company level will be, and the more

contact he or she will have with the directors of their own company

or other companies. Second, the higher the degree of betweenness

centrality, the more important the position of directors in the whole

network, and the higher the degree of closeness centrality, the closer

the relationship between enterprises and their connected companies,

which allows highly centralized directors to be encouraged by their

own reputation, have more resource exchange channels and faster

exchange speed, and, at a lower cost, more actively obtain valuable

information for the company. Therefore, according to agency theory

and resource dependence theory, the improvement of the three cen-

trality indices is conducive to the improvement of corporate gover-

nance and the reduction of environmental investment caused by

agency cost, insufficient resources, and information asymmetry.

Therefore, Hypotheses 1–4 are supported, namely, the director's net-

work centrality is positively related to the environmental investment

of enterprises.

As for the control variables, the company's performance coeffi-

cient of Roa is positive and statistically significant at the 5% level,

indicating that when corporate profitability is stronger, more remain-

ing resources are put into environmental investment. The coefficient

of Bi is not statistically significant. The coefficient of Lshr is signifi-

cant at the 5% and 1% levels, and all are positive, which may be

because the governance structure cost of several major shareholders

is higher and they are more likely to conspire to reduce CEI. The dual

coefficient is significantly negative at the 1% level, indicating that the

agency cost caused by the director's concurrent role as CEO is not

beneficial to the fulfillment of CSR. Soe is the coefficient of property

rights, its coefficient is positive, and its significance level is 1%, which

means that state-owned enterprises invest more in environmental

protection. Although the significance is low, the coefficient of the

regional economic development level is significantly negative, which

may be because the areas with weak economic development have

more serious pollution and need more investment in environmental

protection.

4.2 | Robustness test

4.2.1 | Use the median method to measure the
director's network location

Variable replacement is one of the ways to robustness test; therefore,

we replace the independent variable for the robustness test. In the

TABLE 4 Director's network centrality and CEI regression results

VARIABLES

CEI CEI CEI CEI

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

Q(n score) 0.161*** (3.69)

Q(degree) 0.123*** (2.79)

Q(closeness) 0.141*** (3.14)

Q(betweenness) 0.144*** (3.28)

Size 17.231*** (8.47) 17.530*** (8.60) 17.159*** (8.39) 17.323*** (8.50)

Roa 2.540** (2.04) 2.688** (2.15) 2.454* (1.96) 2.582** (2.07)

Cash �3.125*** (�5.88) �3.151*** (�5.90) �3.118*** (�5.85) �3.150*** (�5.91)

Bi �0.746 (�0.66) �0.852 (�0.75) �0.841 (�0.74) �0.801 (�0.70)

Lshr 1.161** (2.57) 1.166** (2.58) 1.138** (2.52) 1.179*** (2.61)

Dual �0.491*** (�3.25) �0.490*** (�3.23) �0.467*** (�3.09) �0.499*** (�3.29)

Soe 0.544*** (3.50) 0.558*** (3.58) 0.556*** (3.58) 0.549*** (3.53)

Led �0.567* (�1.92) �0.592** (�2.00) �0.599** (�2.02) �0.566* (�1.91)

Region 0.020 (0.30) 0.031 (0.47) 0.018 (0.28) 0.023 (0.35)

Year FE YES YES YES YES

Industry FE YES YES YES YES

Constant 6.674** (1.99) 6.997** (2.08) 7.145** (2.13) 6.689** (1.99)

Observations 895 895 895 895

R-squared 0.465 0.461 0.463 0.463

Notes: This table reports the impact of director's network centrality on environmental investment. We winsorize all variables at the 1% and 99% levels.

Robust t-statistics are shown in parentheses. CEI, corporate environmental investment.

***p < .01.

**p < .05.

*p < .1.
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previous analysis, since the specific decisions of corporate governance

may be most influenced by the independent directors with the highest

director's network centrality, we take the average value of the maxi-

mum network centrality of the independent directors as the basis of

the quintile ranking of the degree centrality, closeness centrality, and

betweenness centrality indices, and then take the average value of

the quintile of the three centrality indicators as the total index n-score

of the network centrality of corporate directors.

Following Larcker et al. (2013), in the context of robustness tests,

we adopt the median independent director's network centrality as the

baseline to construct independent variables for the substitution test.

We choose the median because it is not affected by the maximum or

minimum value of the distribution series, which improves its represen-

tation of the distribution series to a certain extent. As shown in

Table 5, the empirical results from the median method are significant

at the 5% level. Therefore, the obtained results are positive and sup-

port hypothesis H1.

4.2.2 | Use the average method to measure the
director's network location

Referring to Amin et al. (2020), we have another way to replace the

independent variables. That is, we choose the director's network

location index of each company calculated according to the average

of the director's network centrality of all independent directors of the

company, then we sort and sum the three indicators by quintile, and

then took the average to get the composite index of the network

location of company's independent directors This practice can reflect

the average level of the sample and improve the robustness. As

shown in Table 6, the empirical results from the median method are

significant at the 1% level. Therefore, the obtained conclusion, that is,

the positive relationship between the director's network and CEI, is

robust.

4.3 | Endogeneity concerns

Although our research results indicate that there is a positive relation-

ship between director's network centrality and CEI, any research

related to directors may have endogeneity problems caused by the

omission of variable bias or reverse causality (Hermalin &

Weisbach, 1988). Omission variables lead to a false correlation

between the director's network centrality and CEI. Our results may

also be affected by reverse causality. We use the 1 year lag data

method and the independent director constant sample method to

investigate the robustness of endogenous problems.

To alleviate the endogeneity problem, we adopt the method of

lagging the explanatory variable for 1 year and apply it to all

TABLE 5 The regression results by using the median method

VARIABLES

CEI CEI CEI CEI

(2-2) (3-2) (4-2) (5-2)

Q(n score) 0.092** (2.07)

Q(degree) 0.093** (2.14)

Q(closeness) 0.116** (2.58)

Q(betweenness) 0.088** (2.11)

Size 17.699*** (8.67) 17.870*** (8.78) 17.559*** (8.61) 17.717*** (8.69)

Roa 2.694** (2.15) 2.714** (2.16) 2.558** (2.04) 2.670** (2.13)

Cash �3.156*** (�5.90) �3.167*** (�5.92) �3.129*** (�5.86) �3.162*** (�5.91)

Bi �0.911 (�0.80) �0.847 (�0.74) �0.858 (�0.75) �0.953 (�0.84)

Lshr 1.198*** (2.63) 1.195*** (2.63) 1.167** (2.58) 1.208*** (2.65)

Dual �0.476*** (�3.13) �0.473*** (�3.12) �0.474*** (�3.13) �0.479*** (�3.15)

Soe 0.578*** (3.71) 0.572*** (3.67) 0.565*** (3.63) 0.592*** (3.80)

Led �0.611** (�2.06) �0.626** (�2.11) �0.608** (�2.05) �0.616** (�2.08)

Region 0.026 (0.40) 0.031 (0.46) 0.021 (0.31) 0.029 (0.43)

Year FE YES YES YES YES

Industry FE YES YES YES YES

Constant 7.234** (2.15) 7.245** (2.15) 7.284** (2.17) 7.384** (2.19)

Observations 895 895 895 895

R squared 0.459 0.459 0.461 0.459

Notes: This table reports the robustness test by using the median method. We winsorize all variables at both the 1% and 99% levels. Robust t-statistics

appear in parentheses. CEI, corporate environmental investment.
***p < .01.
**p < .05.
*p < .1.
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regression models (Amin et al., 2020). As shown in Table 7, the four

centrality indicators Q(n score) t � 1, Q (degree) t � 1, Q (closeness)

t � 1, and Q (betweenness) t � 1 with a lag of 1 year are significant,

with significance levels of 1%, 5%, 1%, and 1%, respectively. The

results of the regression model test still support the positive correla-

tion between director's network centrality and CEI, and the main

results remain unchanged.

Referring to Larcker et al. (2013), we limit the sample to compa-

nies whose independent director composition remains unchanged

from the previous year to the current year. The advantage of limiting

the sample to a company where independent directors remain

unchanged is that the change in director's network centrality can be

attributed to changes in the company's links with other external

boards of directors. Therefore, for a company sample with the same

composition of independent directors, the change in the director's

network centrality of the company is essentially exogenous and

depends on the changes and decisions of other companies. Table 8

shows the regression of independent director's unchanged company

samples, and the observed value of independent director's unchanged

company samples after screening is 320. The regression results show

that the four centrality indices are significant, which proves the previ-

ous conclusion. The test results show that our results are robust to

endogenous problems, especially reverse causality.

4.4 | Further analysis

4.4.1 | The influence of director's network on CEI:
The intermediary role of financing constraints

Many factors affect CEI, including financing constraints, which is one

of the most important. Due to the scarcity of corporate financial

resources, once environmental protection funds are invested, they

crowd out other project resources and increase the opportunity cost

of enterprises. Although it is expected to have a long-term impact on

enterprises, environmental investment usually has a limited impact on

corporate performance in the short term. Financing constraints make

managers of enterprises tend to invest for the short term, therefore

prioritizing non-environmental investment (Li et al., 2021). Zhang

et al. (2019) find that financing constraints seriously hinder the ability

of enterprises to invest in environmental protection.

Bernanke and Gertler (1989) point out that agency problems lead

to financing constraints for enterprises. The principal-agent relation-

ship between external investors and managers makes managers maxi-

mize their own interests and may infringe upon the interests of

investors. To compensate for the principal-agent risk of investment,

investors can only ask the enterprise for a certain level of premium,

resulting in differences in internal and external financing costs. The

TABLE 6 The regression results by using the average method

VARIABLES

CEI CEI CEI CEI

(2-3) (3-3) (4-3) (5-3)

Q(n score) 0.130*** (2.99)

Q(degree) 0.139*** (3.12)

Q(closeness) 0.119*** (2.64)

Q(betweenness) 0.135*** (3.06)

Size 17.504*** (8.60) 17.540*** (8.62) 17.424*** (8.53) 17.365*** (8.51)

Roa 2.589** (2.07) 2.735** (2.19) 2.525** (2.01) 2.570** (2.05)

Cash �3.117*** (�5.84) �3.136*** (�5.88) �3.119*** (�5.84) �3.159*** (�5.93)

Bi �0.743 (�0.65) �0.600 (�0.52) �0.874 (�0.77) �0.797 (�0.70)

Lshr 1.204*** (2.66) 1.221*** (2.69) 1.152** (2.54) 1.221*** (2.69)

Dual �0.481*** (�3.18) �0.478*** (�3.16) �0.474*** (�3.12) �0.491*** (�3.24)

Soe 0.557*** (3.58) 0.550*** (3.53) 0.562*** (3.61) 0.568*** (3.66)

Led �0.606** (�2.05) �0.605** (�2.05) �0.611** (�2.06) �0.600** (�2.03)

Region 0.024 (0.37) 0.028 (0.42) 0.022 (0.33) 0.025 (0.38)

Year FE YES YES YES YES

Industry FE YES YES YES YES

Constant 7.137** (2.13) 6.863** (2.04) 7.308** (2.18) 7.047** (2.10)

Observations 895 895 895 895

R squared 0.462 0.463 0.461 0.463

Notes: This table reports the robustness test by using the average method. We winsorize all variables at both the 1% and 99% levels. Robust t-statistics

appear in parentheses. CEI, corporate environmental investment.
***p < .01.
**p < .05.
*p < .1.
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favorable position of the director's network can not only enhance the

supervision motivation of chain directors and reduce the cost of

external supervision but also help enterprises to obtain more

information, improve the ability of directors to advise and consult, and

reduce the possibility of managers investing blindly (Larcker

et al., 2013). Therefore, the director's network can optimize corporate

governance and play a role in alleviating corporate financing

constraints.

The resource dependence theory shows that the director's net-

work can bring more resources to the enterprise and alleviate the

information asymmetry of the enterprise. Previous literature includes

studies on director linkages and corporate financing. Chang and Wu

(2021) find that companies with greater demand for external financing

benefit more from the links between the boards of directors and

bankers. Engelberg et al. (2012) find that lending rates drop signifi-

cantly when there is alumni or professional association between the

bank and the management of the company.

Xia et al. (2019) find that independent directors have a good rela-

tionship and can obtain more trade credit for their companies. Based

on the information effect, enterprises can obtain effective information

with the help of director's networks, spread information conducive to

their own image, and alleviate the financing constraints caused by

information asymmetry. Based on the resource effect, the network

location of chain directors makes use of the business relations

between the board of directors to provide business resources for the

company, reduce the company's difficulty in obtaining external

resources, and ease financing constraints.

Therefore, director's network can be seen to reduce the financing

constraints of enterprises, and financing constraints are an important

factor affecting the environmental investment of enterprises.

Therefore, we propose the following hypothesis: Reducing financing

constraints is a possible way for the network of directors to affect the

environmental protection investment of enterprises.

We choose the WW index of Whited and Wu (2006) to

measure financing constraints. Compared with the SA index by

Hadlock and Pierce (2010) and KZ index of Kaplan and Zingales

(1997), the WW index contains more comprehensive factors that

affect corporate financing, and it takes into account the external

industry characteristics of enterprises in addition to their own finan-

cial characteristics, which makes it more economically significant.

We build Models (6)–(8) to test the above hypotheses. Model (6) is

the same as the principal regression, and Model (7) examines the

impact of a director's network centrality on corporate financing

constraints. Model (8) examines the intermediary effect of financing

constraints between a director's network centrality and environmen-

tal investment.

TABLE 7 Director's network centrality and CEI regression results: Endogenous test of explanatory variables lagging by 1 year

VARIABLES

CEI CEI CEI CEI

(2-4) (3-4) (4-4) (5-4)

Q(n score) t-1 0.230*** (2.99)

Q(degree) t-1 0.162** (2.08)

Q(closeness) t-1 0.226*** (2.85)

Q(betweenness) t � 1 0.245*** (3.15)

Size t � 1 12.324*** (3.02) 12.987*** (3.15) 12.626*** (3.10) 11.958*** (2.93)

Roa t � 1 3.776* (1.66) 3.851* (1.68) 3.468 (1.52) 3.701 (1.63)

Cash t � 1 �4.658*** (�5.14) �4.677*** (�5.12) �4.634*** (�5.11) �4.631*** (�5.12)

Bi t � 1 �1.936 (�0.98) �2.218 (�1.11) �2.086 (�1.06) �1.874 (�0.95)

Lshr t � 1 0.662 (0.84) 0.720 (0.91) 0.652 (0.83) 0.704 (0.90)

Dual t � 1 �0.727*** (�2.66) �0.707** (�2.56) �0.708** (�2.59) �0.746*** (�2.73)

Soe t � 1 0.731** (2.57) 0.770*** (2.69) 0.704** (2.46) 0.736** (2.59)

Led t � 1 �0.972* (�1.91) �1.033** (�2.02) �1.052** (�2.08) �0.953* (�1.88)

Region t � 1 0.183 (1.53) 0.206* (1.72) 0.185 (1.54) 0.178 (1.49)

Year FE YES YES YES YES

Industry FE YES YES YES YES

Constant 17.521*** (3.44) 18.106*** (3.53) 18.458*** (3.64) 17.740*** (3.35)

Observations 336 336 336 336

R-squared 0.459 0.450 0.457 0.460

Notes: This table reports robustness tests using explanatory variables with a lag of 1 year. We winsorize all variables at both the 1% and 99% levels. Robust

t-statistics appear in parentheses. CEI, corporate environmental investment.
***p < .01.
**p < .05.
*p < .1.
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CEIi,t¼ α0þα1Q nscoreð Þi,t QðdegreeÞi,t=QðclosenessÞi,½
t=Q betweennessð Þi,t�þ

X
Controlþε1

ð6Þ

WWi,t¼ β0þβ1Q nscoreð Þi,t QðdegreeÞi,t=QðclosenessÞi,½
t=QðbetweennessÞi,t�þ

X
Controlþε2

ð7Þ

CEIi,t¼ λ0þλ1Q nscoreð Þi,
t QðdegreeÞi, t=QðclosenessÞi, t=QðbetweennessÞit½ �þλ2WWi,

tþ
X

Controlþ ε3

ð8Þ

The experimental results are listed in Table 9. The results of models

(6-1) and (7-1) show that the coefficients of Q (n score) are 0.154 and

�0.007, respectively, which are significant at the 1% level, indicating

that the network center of directors has a negative impact on corpo-

rate financing constraints. The results of the model (8-1) show that

financing constraints play a complete intermediary role in Q (n score)

and environmental investment. The regression results of Q (degree),

Q (closeness), and Q (betweenness) are shown in the table, and the

regression results all prove the existence of a mediating effect. This

proves that the level of director's network centrality reduces the

financing constraints of enterprises, thereby increasing the environ-

mental investment of enterprises, and the intermediary effect of

financing constraints is established.

4.4.2 | The influence of director's network on
enterprise value: The intermediary role of CEI

With regard to the impact of director's network on enterprise value,

in the existing literature, some scholars found that director's network

can have a positive effect on enterprise value. Hillman and Dalziel

(2003) point out that directors with social network relationships can

perform their duties more effectively and bring better performance to

enterprises. Kim (2005) finds that the elite school network of board

members is positively related to a company's performance. However,

some scholars found that director's networks can produce higher

agency costs, thus damaging corporate performance and reducing

enterprise value. Fich and Shivdasani (2006) put forward the “busy
director hypothesis,” believing that if a director is appointed to multi-

ple positions, their efficiency will be reduced, and the busy director

will not have enough energy to work, which will reduce the value of

the company.

Environmental investment is closely related to enterprise value.

Some studies believe that enterprise environmental investment

can ensure the effective implementation of sustainable develop-

ment strategies, promote the formation of environmental manage-

ment capacity, and increase investment in environmental science

and technology and research and development to improve

TABLE 8 Director's network centrality and CEI regression results: Endogenous test of invariant samples of independent directors

VARIABLES

CEI CEI CEI CEI

(2-5) (3-5) (4-5) (5-5)

Q(n score) 0.218*** (2.73)

Q(degree) 0.195** (2.41)

Q(closeness) 0.152* (1.83)

Q(betweenness) 0.180** (2.20)

Size 14.260*** (4.00) 14.533*** (4.07) 14.536*** (4.04) 14.514*** (4.05)

Roa 5.699** (2.46) 5.935** (2.56) 5.665** (2.43) 5.691** (2.45)

Cash �4.344*** (�4.51) �4.388*** (�4.55) �4.362*** (�4.50) �4.296*** (�4.44)

Bi �1.758 (�0.83) �1.670 (�0.78) �2.255 (�1.06) �1.962 (�0.92)

Lshr 1.278 (1.56) 1.228 (1.50) 1.137 (1.39) 1.256 (1.53)

Dual �0.513* (�1.86) �0.514* (�1.85) �0.462* (�1.67) �0.524* (�1.88)

Soe 0.887*** (3.09) 0.903*** (3.14) 0.893*** (3.08) 0.902*** (3.13)

Led �0.345 (�0.63) �0.368 (�0.67) �0.364 (�0.66) �0.389 (�0.71)

Region 0.014 (0.12) 0.034 (0.28) 0.018 (0.15) 0.032 (0.26)

Year FE YES YES YES YES

Industry FE YES YES YES YES

Constant 4.051 (0.72) 4.220 (0.75) 4.736 (0.84) 4.621 (0.82)

Observations 320 320 320 320

R-squared 0.514 0.511 0.507 0.509

Notes: This table reports a robustness test using company sample observations with the same composition as independent directors. We winsorize all

variables at the 1% and 99% levels. Robust t-statistics are shown in parentheses. CEI, corporate environmental investment.
***p < .01.
**p < .05.
*p < .1.
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production efficiency, reduce costs, and enhance enterprise value.

Other studies believe that the environmental protection behavior

of enterprises is not conducive to the promotion of enterprise

value (Lee et al., 2015) because expanding the scale of environ-

mental investment will not only reduce productive investment

funds but also increase the normal production costs of enterprises,

which is not conducive to production efficiency and competitive-

ness, which may reduce corporate profits (Sueyoshi &

Wang, 2014).

In a previous study, we found that a network of directors can

affect the environmental investment of enterprises. The higher the

director's network centrality, the stronger the corporate governance

ability, the more information, knowledge, and resources can be

obtained, the information asymmetry can be reduced, and the corpo-

rate social responsibility activities will be affected. Therefore, a direc-

tor's network centrality is positively related to environmental

investment. As can be seen from the existing literature, the director's

network centrality and the environmental investment of the enter-

prise can have an impact on enterprise value. Therefore, what is the

impact of a director's network on enterprise value? Does environmen-

tal protection investment play a role in it? That is, does the director's

network affect enterprise value by affecting the enterprise's environ-

mental protection investment?

We build models (9)–(11) to verify our conjecture. We use EVA

(Hahn & Kuhn, 2012) to measure enterprise value. Model (9) examines

the influence of a director's network centrality on enterprise value.

Model (10) examines the impact of a director's network centrality on

environmental investment. Model (11) examines the intermediary role

of environmental investment between a director's network centrality

and enterprise value.

EVAi,t¼ α0þα1Q nscoreð Þi,t QðdegreeÞi,t=QðclosenessÞi,½
t=QðbetweennessÞi,t�þ

X
Controlþε1

ð9Þ

CEIi,t¼ β0þβ1Q nscoreð Þi,t QðdegreeÞi,t=QðclosenessÞi,½
t=QðbetweennessÞi,t�þ

X
Controlþ ε2

ð10Þ

EVAi,t¼ λ0þλ1Q nscoreð Þi,
t QðdegreeÞi, t=QðclosenessÞi, t=QðbetweennessÞit½ �þ λ2CEIi,

tþ
X

Controlþε3

ð11Þ

The test results are presented in Table 10. Model (9-1) shows that the

director's network centrality Q (n score) has a positive effect on EVA,

and the regression results are significant at the 1% level. Models

(10-1) and (11-1) indicate that CEI plays an intermediary role in

Q (n score) and EVA, and Q (n score) positively affects enterprise value

by positively affecting CEI. To Q (degree) and EVA and Q (closeness)

and EVA, CEI plays a complete intermediary role, and to

Q (betweenness) and EVA, CEI plays a partial intermediary role.

The test results show that the director's network centrality can

TABLE 9 Regression analysis results of the models

VARIABLES

CEI WW CEI CEI WW CEI

(6-1) (7-1) (8-1) (6-2) (7-2) (8-2)

Q(n score) 0.154*** (2.85) �0.007*** (�4.50) 0.050 (1.00)

Q (degree) 0.133** (2.44) �0.007*** (�4.30) 0.032 (0.65)

WW �15.341*** (�11.66) �15.432*** (�11.74)

Size 13.062*** (6.53) �0.685*** (�12.30) 2.552 (1.26) 13.228*** (6.62) �0.691*** (�12.41) 2.561 (1.27)

Roa 3.487** (2.00) �0.260*** (�5.36) �0.505 (�0.31) 3.620** (2.07) �0.267*** (�5.49) �0.502 (�0.31)

Cash �2.762*** (�3.89) 0.040** (2.03) �2.146*** (�3.33) �2.781*** (�3.91) 0.041** (2.06) �2.150*** (�3.33)

Bi �0.124 (�0.09) �0.011 (�0.29) �0.295 (�0.24) �0.200 (�0.15) �0.009 (�0.25) �0.345 (�0.28)

Lshr 0.904 (1.61) �0.016 (�1.03) 0.657 (1.30) 0.911 (1.63) �0.017 (�1.06) 0.656 (1.29)

Dual �0.363* (�1.88) �0.003 (�0.53) �0.407** (�2.33) �0.363* (�1.88) �0.003 (�0.50) �0.404** (�2.31)

Soe 0.709*** (3.86) �0.013** (�2.55) 0.510*** (3.05) 0.729*** (3.97) �0.014*** (�2.66) 0.519*** (3.11)

Led �0.563 (�1.61) 0.005 (0.47) �0.493 (�1.56) �0.578* (�1.65) 0.005 (0.53) �0.498 (�1.57)

Region 0.063 (0.81) �0.002 (�0.84) 0.035 (0.50) 0.071 (0.91) �0.002 (�1.00) 0.038 (0.53)

Year FE YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES

Constant 6.208 (1.61) �1.009*** (�9.39) �9.268** (�2.48) 6.408* (1.66) �1.015*** (�9.44) �9.252** (�2.48)

Observations 675 675 675 675 675 675

R-squared 0.496 0.512 0.588 0.495 0.510 0.588

Notes: This table tests the mediating effect of financing constraints on director's network centrality and CEI relationships. We winsorize all variables at the 1%

and 99% levels. Robust t-statistics are shown in parentheses. CEI, corporate environmental investment.
***p < .01.
**p < .05.
*p < .1.
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TABLE 9 (continued). Regression analysis results of the models

VARIABLES

CEI WW CEI CEI WW CEI

(6-3) (7-3) (8-3) (6-4) (7-4) (8-4)

Q(closeness) 0.128** (2.34) �0.006*** (�3.69) 0.041 (0.82)

Q(betweenness) 0.131** (2.41) �0.007*** (�4.76) 0.020 (0.40)

WW �15.419*** (�11.78) �15.478*** (�11.73)

Size 12.984*** (6.46) �0.682*** (�12.14) 2.474 (1.22) 13.119*** (6.55) �0.684*** (�12.30) 2.534 (1.25)

Roa 3.373* (1.93) �0.255*** (�5.23) �0.562 (�0.35) 3.475** (1.99) �0.260*** (�5.37) �0.554 (�0.34)

Cash �2.758*** (�3.87) 0.040** (2.01) �2.142*** (�3.32) �2.778*** (�3.90) 0.041** (2.06) �2.148*** (�3.33)

Bi �0.240 (�0.18) �0.006 (�0.16) �0.333 (�0.27) �0.183 (�0.13) �0.012 (�0.32) �0.372 (�0.30)

Lshr 0.877 (1.56) �0.015 (�0.95) 0.647 (1.28) 0.926* (1.65) �0.017 (�1.12) 0.656 (1.29)

Dual �0.336* (�1.74) �0.004 (�0.75) �0.398** (�2.28) �0.369* (�1.91) �0.002 (�0.40) �0.402** (�2.30)

Soe 0.728*** (3.96) �0.014*** (�2.69) 0.514*** (3.08) 0.724*** (3.94) �0.013** (�2.55) 0.523*** (3.13)

Led �0.586* (�1.67) 0.006 (0.57) �0.500 (�1.58) �0.561 (�1.60) 0.004 (0.44) �0.495 (�1.56)

Region 0.059 (0.75) �0.002 (�0.74) 0.034 (0.47) 0.065 (0.83) �0.002 (�0.85) 0.037 (0.52)

Year FE YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES

Constant 6.640* (1.72) �1.028*** (�9.54) �9.208** (�2.47) 6.252 (1.62) �1.003*** (�9.35) �9.272** (�2.48)

Observations 675 675 675 675 675 675

R-squared 0.494 0.506 0.588 0.495 0.514 0.588

Notes: This table tests the mediating effect of financing constraints on director's network centrality and CEI relationships. We winsorize all variables at the 1% and

99% levels. Robust t-statistics are shown in parentheses. CEI, corporate environmental investment.
***p < .01.
**p < .05.
*p < .1.

TABLE 10 Regression analysis results of the models

VARIABLES
EVA CEI EVA EVA CEI EVA
(9-1) (10-1) (11-1) (9-2) (10-2) (11-2)

Q(n score) 0.001*** (2.74) 0.159*** (3.62) 0.001** (2.10)

Q(degree) 0.001** (2.05) 0.121*** (2.73) 0.001 (1.56)

CEI 0.002*** (5.30) 0.002*** (5.43)

Size 0.051** (2.34) 17.165*** (8.43) 0.017 (0.78) 0.053** (2.45) 17.462*** (8.56) 0.018 (0.83)

Roa 0.834*** (62.19) 2.914** (2.31) 0.828*** (62.58) 0.835*** (62.21) 3.067** (2.42) 0.829*** (62.60)

Cash �0.030*** (�5.27) �3.135*** (�5.87) �0.024*** (�4.18) �0.030*** (�5.30) �3.164*** (�5.90) �0.024*** (�4.18)

Bi �0.008 (�0.63) �0.812 (�0.71) �0.006 (�0.50) �0.008 (�0.69) �0.915 (�0.80) �0.007 (�0.55)

Lshr �0.000 (�0.77) 0.013*** (2.77) �0.000 (�1.29) �0.000 (�0.76) 0.013*** (2.77) �0.000 (�1.30)

Dual �0.001 (�0.53) �0.458*** (�3.01) 0.000 (0.02) �0.001 (�0.52) �0.457*** (�2.99) 0.000 (0.03)

Soe 0.004*** (2.71) 0.539*** (3.46) 0.003** (2.10) 0.005*** (2.77) 0.552*** (3.54) 0.004** (2.13)

Led 0.003 (1.05) �0.555* (�1.87) 0.004 (1.41) 0.003 (0.98) �0.579* (�1.95) 0.004 (1.37)

Region �0.000 (�0.41) 0.017 (0.26) �0.000 (�0.47) �0.000 (�0.28) 0.029 (0.43) �0.000 (�0.37)

Year FE YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES

Constant �0.049 (�1.38) 6.465* (1.92) �0.062* (�1.76) �0.047 (�1.31) 6.789** (2.01) �0.060* (�1.71)

Observations 887 887 887 887 887 887

R-squared 0.869 0.465 0.873 0.868 0.462 0.873

(Continues)(Continues)
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increase the enterprise value, in which environmental investment

plays an intermediary role, and environmental investment is an

important mechanism for the director's network to affect the

enterprise value.

5 | CONCLUSIONS

In recent years, the Chinese government has paid increasing attention

to environmental governance and proposed strengthening the

protection and restoration of the ecosystem, improving the eco-

environmental monitoring and evaluation system, and building an eco-

environmental governance system. To protect the environment,

enterprises also need to carry out environmental protection activities.

Environmental investment, an important part of CSR, can be influ-

enced by directors because they are in charge of corporate decision-

making. Although recent studies by Nandy et al. (2020) have shown

that the network of directors can positively influence CSR decisions,

our research further explores the relationship between director's net-

works and CEI.

To explore the relationship between director's networks location

and CEI, this study collects the data of Chinese Shanghai and Shenz-

hen A-share listed companies from 2015 to 2019 and establishes a

comprehensive empirical robust model to study the relationship

between director's networks and environmental investment.

According to the analysis of agency theory and resource dependence

theory, the higher network centrality of directors brings higher repu-

tation incentives and bargaining power to directors and increases gov-

ernance motivation. The higher the director's network centrality, the

more influence, knowledge, and information they obtain, and the

higher the efficiency of obtaining resources and transferring

knowledge, which increases governance ability. Our empirical results

indicate that the director's network centrality positively affects the

environmental investment of the enterprise, and the degree centrality,

betweenness centrality, and closeness centrality of the director's

network are all positively related to CEI. Further research shows that

the director's network increases environmental investment by reduc-

ing the financing constraints of enterprises, and the positive influence

of the director's network on enterprise environmental investment also

promotes enterprise value. All empirical results passed the

robustness test.

Based on our research results and the actual situation of Chinese

enterprises and environmental investment, we propose the following

suggestions: First, enterprises, especially the heavily polluting indus-

tries and new energy industries that are currently the focus of the

country, should pay attention to the role of director's network when

responding to the national carbon neutrality policy and pursuing the

carbon neutrality goal. Enterprise that carries on the green develop-

ment strategy should pay attention to the influence of the indepen-

dent directors. Enterprises should take the position of the network of

TABLE 10 (Continued)

VARIABLES

EVA CEI EVA EVA CEI EVA

(9–3) (10–3) (11–3) (9–4) (10–4) (11–4)

Q(closeness) 0.001** (1.99) 0.140*** (3.10) 0.001 (1.43)

Q(betweenness) 0.001*** (2.59) 0.141*** (3.20) 0.001** (2.02)

CEI 0.002*** (5.41) 0.002*** (5.35)

Size 0.051** (2.35) 17.090*** (8.34) 0.017 (0.77) 0.051** (2.36) 17.266*** (8.46) 0.017 (0.78)

Roa 0.833*** (61.95) 2.839** (2.24) 0.828*** (62.40) 0.834*** (62.19) 2.954** (2.34) 0.828*** (62.59)

Cash �0.030*** (�5.26) �3.131*** (�5.85) �0.024*** (�4.16) �0.030*** (�5.30) �3.159*** (�5.90) �0.024*** (�4.20)

Bi �0.009 (�0.72) �0.907 (�0.80) �0.007 (�0.58) �0.008 (�0.65) �0.872 (�0.76) �0.006 (�0.52)

Lshr �0.000 (�0.81) 0.012*** (2.71) �0.000 (�1.34) �0.000 (�0.74) 0.013*** (2.79) �0.000 (�1.27)

Dual �0.001 (�0.42) �0.435*** (�2.85) 0.000 (0.11) �0.001 (�0.59) �0.468*** (�3.06) �0.000 (�0.03)

Soe 0.005*** (2.79) 0.550*** (3.53) 0.004** (2.15) 0.004*** (2.72) 0.543*** (3.48) 0.003** (2.10)

Led 0.003 (0.97) �0.583** (�1.97) 0.004 (1.35) 0.003 (1.06) �0.553* (�1.87) 0.004 (1.42)

Region �0.000 (�0.40) 0.016 (0.23) �0.000 (�0.45) �0.000 (�0.39) 0.021 (0.31) �0.000 (�0.45)

Year FE YES YES YES YES YES YES

Industry FE YES YES YES YES YES YES

Constant �0.045 (�1.26) 6.910** (2.05) �0.059* (�1.67) �0.050 (�1.39) 6.491* (1.93) �0.062* (�1.77)

Observations 887 887 887 887 887 887

R-squared 0.868 0.463 0.873 0.868 0.463 0.873

Notes: This table reports the test results of the intermediary role of environmental investment in the relationship between director's network centrality and

enterprise value. We winsorize all variables at the 1% and 99% levels. Robust t-statistics are shown in parentheses. CEI, corporate environmental

investment; EVA, economic value added.
***p < .01.
**p < .05.
*p < .1.
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independent directors as an important factor in the assessment and

employment of independent directors, and select more directors who

are in the core position of the network. Enterprises should make use

of the director's network to promote the motivation and ability of

independent director enterprise governance, enhance the environ-

mental protection investment of enterprises, so as to better complete

the national carbon neutrality requirements. Secondly, enterprises

whose social responsibility decisions are restricted by financing con-

straints should pay attention to the role of the network of indepen-

dent directors while considering government subsidies and

environmental regulations. Enterprises need to optimize the network

structure of independent directors to ease the financing constraints of

enterprises at a lower cost, increase the investment in environmental

protection, promote the sustainable development of enterprises, and

promote the promotion of enterprise value.

Therefore, the results obtained between the director's network

and CEI, not only complement the research field of board characteris-

tics and CEI but also enrich the literature on director's networks and

corporate governance research. First, our research extends the litera-

ture of Roberts (1992) and Haniffa and Cooke (2005) and provides

incremental evidence on the positive correlation between director's

network centrality and environmental investment. This study also

further expands the research on director's networks and CSR by Amin

et al. (2020) and Nandy et al. (2020). The existing literature is only

from the perspective of CSR decision-making and social responsibility

performance, while this study is a subdivision of environmental invest-

ment as a sub-item of social responsibility, which complements previ-

ous studies.

Second, we find the potential mechanism by which the director's

network influences CEI, that is, the path reducing financing

constraints, which makes our research clearer. The combined analysis

of agency theory and resource dependence theory complements

previous research on director's networks and financing constraints,

which also provides new evidence to indicate a relationship between

corporate governance and corporate financing constraints (Chang &

Wu, 2021; Engelberg et al., 2012; Xia et al., 2019).

Third, we find that CEI plays an intermediary role in the director's

network and enterprise value. The current literature has not yet

reached a consistent conclusion on the relationship between direc-

tor's networks and enterprise value, or the impact of environmental

investment on enterprise value (Fich, 2005; Hillman & Dalziel, 2003;

Lee et al., 2015). However, the exploration of this impact is important

because, under the special background of China, based on govern-

ment regulations, business needs, and social responsibility pressure,

CEI decision-making is very important in corporate strategic decision-

making. Our evidence shows that the network of directors has a posi-

tive impact on enterprise value in the current year by increasing

investment in environmental protection. From this perspective, our

research enriches the theoretical understanding of how the network

of directors and environmental investment affects the value of the

company.

Finally, the findings of our study have practical significance. The

results of this study can guide enterprises to pay more attention to

the role of independent directors in environmental protection invest-

ment decisions and realize that when selecting independent directors,

fully considering their social network location can change the

decision-making ability of CSR strategy. In addition, enterprises should

comprehensively consider the possible impact of environmental

investment decisions on enterprise value and make investment deci-

sions that simultaneously adapt to enterprise development and envi-

ronmental protection.

Our research supplements the study of the relationship

between director's networks and CEI. However, because of the

small number of companies publishing specific environmental invest-

ment data in China, our research data are limited. Second, we are

unable to conduct panel data analysis over a long period of time

because of the small number of companies that continuously

disclose environmental investments. Third, the environmental

regulation and market of China are unique; therefore, our research

results may have some regional limitations. We encourage future

research to discuss the relationship between a director's network

and environmental investment across borders. In addition, we only

study the impact of director's network centrality on CEI; in future

research, we can consider more factors that represent the

characteristics of the director's network, such as structural holes, to

conduct a more comprehensive investigation.

ACKNOWLEDGMENTS

The authors gratefully acknowledge financial support from the

National Natural Science Foundation of China (71729001 and

72025101), the Humanity and Social Science Foundation of Ministry

of Education of China (20YJA630024), the China Postdoctoral Science

Foundation (No. 2021M700380), and the Fundamental Research

Funds for the Central Universities (No. FRF-DF-20-11).

ORCID

Yu Gong https://orcid.org/0000-0002-5411-376X

REFERENCES

Adler, P. S., & Seok-Woo, K. (2002). Social capital: Prospects for a new

concept. The Academy of Management Review, 27(1), 17–40.
Aguilera-Caracuel, J., & Guerrero-Villegas, J. (2018). How corporate social

responsibility helps MNEs to improve their reputation. The moderating

effects of geographical diversification and operating in developing

regions. Corporate Social Responsibility and Environmental Management,

25(4), 355–372.
Ambec, S., & Lanoie, P. (2008). Does it pay to be green? A systematic

overview. Academy of Management Perspectives, 23(4), 45–62.
Amin, A., Chourou, L., Kamal, S., Malik, M., & Zhao, Y. (2020). It's who you

know that counts: Board connectedness and CSR performance. Journal

of Corporate Finance, 64, 1–30.
Atif, M., Alam, M. S., & Hossain, M. (2020). Firm sustainable investment:

Are female directors greener? Business Strategy & the Environment,

29(8), 3449–3469.
Benlemlih, M., & Bitar, M. (2018). Corporate social responsibility and

investment efficiency. Journal of Business Ethics, 148(3), 647–671.
Bernanke, B., & Gertler, M. (1989). Agency costs, net worth and business

fluctuations. American Economic Review, 79(1), 14–31.
Bhandari, A., & Javakhadze, D. (2017). Corporate social responsibility and

capital allocation efficiency. Journal of Corporate Finance, 43, 354–377.

WANG ET AL. 17

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.3294 by U

niversity O
f Southam

pton, W
iley O

nline L
ibrary on [21/03/2023]. 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

https://orcid.org/0000-0002-5411-376X
https://orcid.org/0000-0002-5411-376X


Burt, R. S. (1997). The contingent value of social capital. Administrative Sci-

ence Quarterly, 42(6), 1–12.
Busch, T., & Hoffmann, V. H. (2011). How hot is your bottom line? Linking

carbon and financial performance. Business & Society, 50(2), 233–265.
Cai, Y., & Sevilir, M. (2012). Board connections and M&A transactions.

Journal of Financial Economics, 103(2), 327–349.
Cashman, G. D. (2010). Pay-performance sensitivity and firm size: Insights

from the mutual fund industry. Journal of Corporate Finance, 16(4),

400–412.
Chang, C.-H., & Wu, Q. (2021). Board networks and corporate innovation.

Management Science, 67(6), 3618–3654.
Chuluun, T., Prevost, A., & Puthenpurackal, J. (2014). Board ties and the

cost of corporate debt. Financial Management, 43(3), 533–568.
Cullinan, C. P., Mahoney, L., & Roush, P. B. (2017). Are CSR activities asso-

ciated with shareholder voting in director elections and say-on-pay

votes? Journal of Contemporary Accounting & Economics, 13(3),

225–243.
De Miguel, C., & Pazo, C. (2017). Environmental protection, innovation

and price-setting behavior in Spanish manufacturing firms. Energy Eco-

nomics, 68, 116–124.
Ducassy, I., & Montandrau, S. (2015). Corporate social performance, own-

ership structure, and corporate governance in France. Research in

International Business and Finance, 34, 383–396.
Egginton, J. F., & McCumber, W. R. (2019). Executive network centrality

and stock liquidity. Financial Management, 48(3), 849–871.
El-Khatib, R., Fogel, K., & Jandik, T. (2015). CEO network centrality and

merger performance. Journal of Financial Economics, 116(2), 349–382.
Engelberg, J., Gao, P., & Parsons, C. A. (2012). Friends with money. Journal

of Financial Economics, 103(1), 169–188.
Faleye, O., Kovacs, T., & Venkateswaran, A. (2014). Do better-connected

CEOs innovate more? Journal of Financial & Quantitative Analysis,

49(5/6), 1201–1225.
Fama, E. F. (1980). Agency problems and the theory of the firm. Journal of

Political Economy, 88(2), 288–307.
Fama, E. F., & Jensen, M. C. (1983). Separation of ownership and control.

Journal of law & Economics, 26(2), 301–326.
Ferris, S. P., Javakhadze, D., & Liu, Y. (2020). The price of boardroom social

capital: The effects of corporate demand for external connectivity.

Journal of Banking & Finance, 111, 1–20.
Fich, E. M. (2005). Are some outside directors better than others? Evi-

dence from director appointments by fortune 1000 firms. Journal of

Business, 78(5), 1943–1971.
Fich, E. M., & Shivdasani, A. (2006). Are busy boards effective monitors?

The Journal of Finance, 61(2), 689–724.
Gan, Q. X., Yang, L., Liu, J., Cheng, X. F., Qin, H., Su, J. F., & Xia, W. Y.

(2021). The level of regional economic development, green image,

and enterprise environmental protection investment: Empirical

evidence from China. Mathematical Problems in Engineering, 2021,

1–12.
Godigbe, B. G., Chui, C. M., & Liu, C. L. (2018). Directors network centrality

and earnings quality. Applied Economics, 50(50), 5381–5400.
Granovetter, M. S. (1973). The strength of weak ties. American Journal of

Sociology, 78(6), 1360–1380.
Gray, W. B., & Shadbegian, R. J. (2003). Plant vintage, technology, and

environmental regulation. Journal of Environmental Economics and Man-

agement, 46(3), 384–402.
Hadlock, C. J., & Pierce, J. R. (2010). New evidence on measuring financial

constraints: Moving beyond the KZ index. Review of Financial Studies,

23(5), 1909–1940.
Hahn, G. J., & Kuhn, H. (2012). Value-based performance and risk manage-

ment in supply chains: A robust optimization approach. International

Journal of Production Economics, 139(1), 135–144.
Hambrick, D. C., & Mason, P. A. (1984). Upper echelons: The organization

as a reflection of its top managers. Academy of Management Review,

9(2), 193–206.

Han, Y. W. (2020). Impact of environmental regulation policy on environ-

mental regulation level: A quasi-natural experiment based on carbon

emission trading pilot. Environmental Science and Pollution Research,

27(19), 23602–23615.
Haniffa, R. M., & Cooke, T. E. (2005). The impact of culture and gover-

nance on corporate social reporting. Journal of Accounting and Public

Policy, 24(5), 391–430.
Hart, S. L. (1995). A natural-resource-based view of the firm. Academy of

Management Review, 20(4), 986–1014.
Hermalin, B. E., & Weisbach, M. S. (1988). The determinants of board com-

position. Journal of Economics, 19(4), 589–606.
Hillman, A. J. (2005). Politicians on the board of directors: Do connections

affect the bottom line? Journal of Management, 31(3), 464–481.
Hillman, A. J., & Dalziel, T. (2003). Boards of directors and firm perfor-

mance: Integrating agency and resource dependence perspectives.

Academy of Management Review, 28(3), 383–396.
Hillman, A. J., Zardkoohi, A., & Bierman, L. (1999). Corporate political strat-

egies and firm performance: Indications of firm-specific benefits from

personal service in the U.S. government. Strategic Management Journal,

20(1), 67–81.
Hollindale, J., Kent, P., Routledge, J., & Chapple, L. (2019). Women on

boards and greenhouse gas emission disclosures. Accounting and

Finance, 59(1), 277–308.
Intintoli, V. J., Kahle, K. M., & Zhao, W. (2018). Director connectedness:

Monitoring efficacy and career prospects. Journal of Financial and

Quantitative Analysis, 53(1), 65–108.
Jiang, Y., Luo, L., Xu, J., & Shao, X. (2021). The value relevance of corporate

voluntary carbon disclosure: Evidence from the United States and

BRIC countries. Journal of Contemporary Accounting & Economics,

17(3), 1–22.
Jo, H., & Harjoto, M. A. (2012). The causal effect of corporate governance

on corporate social responsibility. Journal of Business Ethics, 106(1),

53–72.
Kaplan, S. N., & Zingales, L. (1997). Do investment-cash flow sensitivities

provide useful measures of financing constraints? Quarterly Journal of

Economics, 112(1), 169–215.
Kearins, K., Collins, E., & Tregidga, H. (2010). Beyond corporate environ-

mental management to a consideration of nature in visionary small

Enterprise. Business & Society, 49(3), 512–547.
Kim, Y. (2005). Board network characteristics and firm performance

in Korea. Corporate Governance-an International Review, 13(6),

800–808.
Kong, D., Liu, S., & Dai, Y. (2014). Environmental policy, company environ-

ment protection, and stock market performance: Evidence from China.

Corporate Social Responsibility and Environmental Management, 21(2),

100–112.
Kong, D. M., Yang, X. D., Liu, C., & Yang, W. (2020). Business strategy and

firm efforts on environmental protection: Evidence from China. Busi-

ness Strategy and the Environment, 29(2), 445–464.
Larcker, D. F., So, E. C., & Wang, C. C. Y. (2013). Boardroom centrality and

firm performance. Journal of Accounting & Economics, 55(2–3),
225–250.

Lee, K.-H., Min, B., & Yook, K.-H. (2015). The impacts of carbon (CO2)

emissions and environmental research and development (R&D) invest-

ment on firm performance. International Journal of Production Econom-

ics, 167, 1–11.
Li, K., Xia, B., Chen, Y., Ding, N., & Wang, J. (2021). Environmental uncer-

tainty, financing constraints and corporate investment: Evidence from

China. Pacific-Basin Finance Journal, 70, 2–11.
Li, Q., Ruan, W., Sun, T., & Xiang, E. (2020). Corporate governance and

corporate environmental investments: Evidence from China. Energy &

Environment, 31(6), 923–942. https://doi.org/10.1177/

0958305X19882372

Li, W., & Lu, X. (2016). Institutional interest, ownership type, and environ-

mental capital expenditures: Evidence from the most polluting Chinese

18 WANG ET AL.

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.3294 by U

niversity O
f Southam

pton, W
iley O

nline L
ibrary on [21/03/2023]. 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

https://doi.org/10.1177/0958305X19882372
https://doi.org/10.1177/0958305X19882372


listed firms. Journal of Business Ethics, 138(3), 459–476. https://doi.
org/10.1007/s10551-015-2616-2

Liu, C., Aharony, J., Richardson, G., & Yawson, A. (2016). Corporate litiga-

tion and changes in CEO reputation: Guidance from US Federal Court

lawsuits. Journal of Contemporary Accounting & Economics, 12(1),

15–34.
Luken, R., Van Rompaey, F., & Zigova, K. (2008). The determinants of EST

adoption by manufacturing plants in developing countries. Ecological

Economics, 66(1), 141–152.
Mason, C., & Simmons, J. (2014). Embedding corporate social responsibil-

ity in corporate governance: A stakeholder systems approach. Journal

of Business Ethics, 119(1), 77–86.
Meckling, M. C. J. W. H. (1976). Theory of the firm: Managerial behavior,

agency costs, and ownership structure. Journal of Financial Economics,

3(4), 5–50.
Miranda-Lopez, J., Orlova, S., & Sun, L. (2019). CEO network centrality and

corporate cash holdings. Review of Quantitative Finance and Account-

ing, 53(4), 967–1003.
Nada, K.-K., Andrew, K. K., & Alexander, K. (2001). Board governance and

company performance: Any correlations? Corporate Governance: The

International Journal of Effective Board Performance, 1(1), 24–30.
Nandy, M., Lodh, S., Kaur, J., & Wang, J. (2020). Impact of director's net-

works on corporate social responsibility: A cross country study. Inter-

national Review of Financial Analysis, 72, 1–22.
Orsato, R. J. (2006). Competitive environmental strategies: When does it

pay to be green? California Management Review, 48(2), 127.

Patten, D. M. (2005). The accuracy of financial report projections of future

environmental capital expenditures: A research note. Accounting Orga-

nizations and Society, 30(5), 457–468.
Post, C., Rahman, N., & Rubow, E. (2011). Green governance: Boards of

Director's composition and environmental corporate social responsibil-

ity. Business & Society, 50(1), 189–223.
Roberts, R. W. (1992). Determinants of corporate social responsibility dis-

closure: An application of stakeholder theory. Accounting, Organiza-

tions and Society, 17(6), 595–612.
Rossi, A. G., Blake, D., Timmermann, A., Tonks, I., & Wermers, R. (2018).

Network centrality and delegated investment performance. Journal of

Financial Economics, 128(1), 183–206.
Schoorman, F. D., Bazerman, M. H., & Atkin, R. S. (1981). Interlocking

directorates: A strategy for reducing environmental uncertainty. Acad-

emy of Management Review, 6(2), 243–251.
Sheng, S., Zhou, K. Z., & Li, J. J. (2011). The effects of business and political

ties on firm performance: Evidence from China. Journal of Marketing,

75(1), 1–15.
Sueyoshi, T., & Wang, D. (2014). Radial and non-radial approaches for

environmental assessment by data envelopment analysis: Corporate

sustainability and effective investment for technology innovation.

Energy Economics, 45, 537–551.
Sugita, M., & Takahashi, T. (2015). Influence of corporate culture on envi-

ronmental management performance: An empirical study of Japanese

firms. Corporate Social Responsibility and Environmental Management,

22(3), 182–192.

Tang, B., Li, R., Yu, B., An, R., & Wei, Y.-M. (2018). How to peak carbon

emissions in China's power sector: A regional perspective. Energy Pol-

icy, 120, 365–381.
Testa, F., Boiral, O., & Iraldo, F. (2018). Internalization of environmental

practices and institutional complexity: Can stakeholders pressures

encourage greenwashing? Journal of Business Ethics, 147(2), 287–307.
Wang, Q., & Yang, X. (2020). Imbalance of carbon embodied in south-

south trade: Evidence from China-India trade. Science of the Total Envi-

ronment, 707, 134473.

Westphal, J. D. (1999). Collaboration in the boardroom: Behavioral and

performance consequences of CEO-board social ties. The Academy of

Management Journal, 42(1), 7–24.
Whited, T. M., & Wu, G. J. (2006). Financial constraints risk. Review of

Financial Studies, 19(2), 531–559.
Xia, C., Zhang, X., Cao, C., & Xu, N. (2019). Independent director connect-

edness in China: An examination of the trade credit financing hypothe-

sis. International Review of Economics & Finance, 63, 209–225.
Yang, C., Zhang, W., Sheng, Y., & Yang, Z. (2021). Corruption and firm

efforts on environmental protection: Evidence from a policy shock.

Pacific-Basin Finance Journal, 65, 1–14.
Yang, L., Qin, H., Gan, Q. X., & Su, J. F. (2020). Internal control quality,

enterprise environmental protection investment and finance

performance: An empirical study of China's A-share heavy pollution

industry. International Journal of Environmental Research and

Public Health, 17(17), 6082. https://doi.org/10.3390/ijerph

17176082

Zald, M. N. (1969). The power and functions of boards of directors: A the-

oretical synthesis. American Journal of Sociology, 75(1), 97–111.
Zhang, D., Du, W., Zhuge, L., Tong, Z., & Freeman, R. B. (2019). Do finan-

cial constraints curb firms' efforts to control pollution? Evidence from

Chinese manufacturing firms. Journal of Cleaner Production, 215,

1052–1058.
Zhang, J., Zi, S., Shao, P., & Xiao, Y. (2020). The value of corporate social

responsibility during the crisis: Chinese evidence. Pacific-Basin Finance

Journal, 64.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Wang, L., Su, Y., Huang, H., Gong, Y.,

& Wang, W. (2022). Director's network location and corporate

environmental investment in the carbon neutrality age.

Business Strategy and the Environment, 1–19. https://doi.org/

10.1002/bse.3294

WANG ET AL. 19

 10990836, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bse.3294 by U

niversity O
f Southam

pton, W
iley O

nline L
ibrary on [21/03/2023]. 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

https://doi.org/10.1007/s10551-015-2616-2
https://doi.org/10.1007/s10551-015-2616-2
https://doi.org/10.3390/ijerph17176082
https://doi.org/10.3390/ijerph17176082
https://doi.org/10.1002/bse.3294
https://doi.org/10.1002/bse.3294

	Director's network location and corporate environmental investment in the carbon neutrality age
	1  INTRODUCTION
	2  LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT
	2.1  Literature review
	2.2  Hypotheses development

	3  DATA AND VARIABLE MEASUREMENT
	3.1  Data and sample selection
	3.2  Variable descriptions
	3.2.1  Dependent variable
	3.2.2  Independent variables
	3.2.3  Control variables

	3.3  Descriptive statistics

	4  EMPIRICAL ANALYSIS
	4.1  Multiple regression and analysis
	4.2  Robustness test
	4.2.1  Use the median method to measure the director's network location
	4.2.2  Use the average method to measure the director's network location

	4.3  Endogeneity concerns
	4.4  Further analysis
	4.4.1  The influence of director's network on CEI: The intermediary role of financing constraints
	4.4.2  The influence of director's network on enterprise value: The intermediary role of CEI


	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


