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Abstract

This paper examines the impact of customer concentration on green innovation in

Chinese listed firms between 2006 and 2018 through the dynamic panel generalized

method of moments regressions. It is reported that major customers positively

impact corporate green innovation, indicating that firms have more incentives to

engage in innovative green practices to maintain stable relationships with major cus-

tomers. In addition, the positive relationship between customer concentration and

green innovation is more pronounced in state-owned enterprises, firms located in the

provinces with a high level of marketization, and after China's new Environmental

Protection Law implementation. Moreover, we observe that the positive impact of

customer concentration on corporate green innovation is more significant among

industrial firms and firms operating in heavily polluting industries. Furthermore,

industrial competition is an essential channel for major customers to affect corporate

green innovation.
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1 | INTRODUCTION

Green innovation has become an essential innovation capability of a

company as the world has witnessed extreme environmental deterio-

ration over the last decades (Chen et al., 2018). An increasing number

of firms have been pressured to adopt green innovation initiatives to

improve their environmental performance and achieve economic

profits, environmental protection and sustainable development (Li

et al., 2017). Subsequently, green innovation is often linked to the

concept of corporate social and environmental responsibility and sus-

tainable business (Chen, 2008). Green innovation bolsters positive

externalities such as enhanced technological spillovers and reduced

external environmental costs (Horbach, 2008). It is thus regarded as a

‘superior’ type of innovation and is of particular interest to businesses

and governments in top polluting countries, such as China. This paper

focuses on the green type of innovation and investigates major cus-

tomers' roles in the firm.

While there is plenty of research on the factors that affect the

companies' innovation investment (Doran & Ryan, 2016), academia

has paid little attention to the impact of customer concentration on

green innovation. Customer concentration indicates a company's

degree of dependence upon customers; a more concentrated cus-

tomer base provides stable sales channels, thus guaranteeing compa-

nies' operating efficiency. On the other hand, excessive customer
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concentration will impact development decisions such as product

prices and research and development (R&D) investment, thereby

affecting their business strategies (Dhaliwal et al., 2016). There is an

urgent need for research on the relationship between corporate cus-

tomer concentration and green innovation. We are motivated to fill in

the gap by advancing the role of major customers in the adoption of

green innovation. Our empirical findings lend support to the promo-

tion of green innovation to attract and retain major customers and

meet new regulatory requirements.

We investigated the impact of customer concentration on green

innovation in Chinese-listed firms between 2006 and 2018. Using a

dynamic panel generalized method of moments (GMM) model, we

examined the impact of customer concentration on green innovation.

We found a positive relationship between customer concentration

and green innovation, implying that firms have more incentives to

engage in innovative green practices to maintain relationships with

major customers. In addition, the relationship between customer con-

centration and green innovation was more pronounced in state-

owned enterprises (SOEs) than non-SOEs. Moreover, we found that

the positive impact of customer concentration on corporate green

innovation was more pronounced in the provinces with a high level of

marketization. Lastly, we found that such a positive relationship was

more pronounced after initiating the new Environmental

Protection Law.

In China, 40 years of high-speed economic growth has resulted

in severe environmental pollution and ecological devastation, which

has triggered genuine concern from media, customers, and other

stakeholders. To address this issue, the Chinese government has

recently been involved in green development and technological

energy innovation as one of the fundamental principles in the 14th

Five-Year Plan (2021–2025). Thus, to obtain environmental legiti-

macy and meet the requirements of stakeholders, green innovation is

adopted by firms to mitigate the negative impact of production and

operations on the environment through improved processes, technol-

ogies, systems, products and management practices (Kemp &

Volpi, 2008).

The main contributions of this paper are as follows. Firstly, we

fill the gap in the literature by examining green innovation instead

of general innovation. Previous literature on the relationship

between customer concentration and innovation focuses on general

innovation and reports mixed empirical results. For instance,

Krolikowski and Yuan (2017) observe that customer concentration

positively impacts innovation investment in the United States,

implying that suppliers with a concentrated customer base tend to

hold a more bilateral relationship with their customers and pay more

attention to their relationship-specific investments. On the other

hand, Pan et al. (2020) find the opposite evidence that suppliers

with higher customer concentrations produce fewer patents. Our

research aims to alleviate this ambiguity in their relationship and

further extend to green innovation. Corporate green innovation

implies its capability of environmental reform and conservation.

Unlike general innovation, green innovation is associated with tech-

nological improvements with environmental benefits, such as new

products contributing to firm sustainable development and environ-

mental protection (Zhang et al., 2019). Moreover, we echo Tan

et al. (2019) and bridge a legitimate link between customer concen-

tration and green innovation. In this regard, we have developed a

detailed investigation of the mechanism and demonstrated that

industrial competition is an essential channel that major customers

can affect suppliers' green innovation.

Secondly, this study is one of the first to compare SOEs or non-

SOEs to explore the potential relationship between customer concen-

tration and green innovation in various corporate structures. China

has a unique corporate ownership structure: Most listed firms have a

highly concentrated ownership structure, with a single owner control-

ling the firms (Wang et al., 2019). The single owner often refers to the

state or state agencies. In this regard, we extend previous research by

showing that the positive relationship between customer concentra-

tion and green innovation is more pronounced in SOEs.

Thirdly, we advance the literature by examining the impact of cus-

tomer concentration on green innovation by incorporating marketiza-

tion among firms in different regions. Differences exist in social,

cultural, and economic conditions among different provinces in China.

Chen et al. (2017) argue that regional green innovation investment

decreases gradually from developed to developing regions. Our results

support this argument and show that the extent of regional develop-

ment may also affect the customer concentration–green innovation

relationship. This research is also the first that examines how legal fac-

tor affects the relationship between customer concentration and

green innovation. In particular, China's new Environmental Protection

Law was passed by the National People's Congress in 2014 and

implemented the following year. This regulatory development pro-

vides legislative support for sustainable corporate development in

China. Strong legislative support makes firms pay attention to the

environmental welfare of the whole society, and we also find that the

impact of customer concentration on green innovation is more pro-

nounced after the implementation of the new Environmental

Protection Law.

Lastly, we focus on the Chinese context, which is distinct from

most of the existing studies based on developed countries (Aldieri

et al., 2019); this, in turn, adds value to the literature since the con-

cept of green innovation is relatively new in emerging economies and

governments are increasingly encouraging firms to follow a sustain-

able growth model (Wang & Zhang, 2020). From this perspective, our

findings can be generalizable to other emerging economies and

encourage firms to have a more holistic orientation towards corporate

sustainability.

The remainder of the paper is organized as follows. In the next

section, we account for the institutional background, review the litera-

ture, and develop four hypotheses. The following section outlines the

methodology and empirical results. Finally, the last section provides a

conclusion.
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2 | LITERATURE REVIEW

2.1 | Institutional background

2.1.1 | Major customer reporting

In the United States, according to the Statement of Financial Account-

ing Standards, No.14 (SFAS) promulgated by the Financial Accounting

Standard Board (FASB), suppliers should disclose their external cus-

tomers who contribute more than 10% of suppliers' sales. These cus-

tomers are defined as ‘major customers’, whose names and sales

need to be disclosed (Zhou et al., 2019). Similarly, listed companies in

China are also required to disclose major customers. In particular,

according to the Information Disclosure Standards No. 2 promulgated

by the China Securities Regulatory Commission (CSRC), listed compa-

nies need to disclose relevant sales information regarding their Top

5 customers in their annual reports (Huan et al., 2017). Previous

research indicates that listed firms in China have a significantly higher

level of customer concentration than their US counterparts, with more

than 40% of firms having customers whose sales account for more

than 10% of total firm sales (Cao et al., 2021).

In firms with higher customer concentration, their customers gain

greater bargaining power, which may face higher operating and finan-

cial risks (Irvine et al., 2016). For instance, relying too much on major

customers would suffer a crisis when suppliers lose these customers

and urgently need to seek new customers (Gulati & Sytch, 2007). In

addition, higher customer concentration may lead to fewer heteroge-

neous resources, hindering firms' innovation activities (Irvine

et al., 2016). However, if the relationship between suppliers and major

customers is stable and containable, suppliers can benefit from it, thus

promoting supply chain integration and increasing cooperation oppor-

tunities. Besides, companies can utilize customer contacts to gain

market demand information and technical knowledge (Matsumura &

Schloetzer, 2018).

2.1.2 | New Environmental Protection Law in China

The Environmental Protection Law was revised and passed by the

National People's Congress of China on 24 April 2014 and

implemented on 1 January 2015. The revised law emphasizes govern-

ment and enterprises' responsibilities to protect the environment

compared with its predecessors. Environmental protection is now

included in government officials' evaluation system, and it means that

environmental protection issues are linked to the performance evalua-

tion, the record of which would be disclosed. Subsequently, local gov-

ernment officials have incentives to monitor firms to protect the

environment and encourage corporate innovative green investments

(Liu et al., 2021).

For firms, additional information related to environmental protec-

tion must be disclosed, and the frequency of reporting the disclosure

also increases. For example, the new law requires key pollutant dis-

charge companies should truthfully disclose relative information about

their primary pollutants to the public, such as the names, discharge

methods, discharge concentrations, total discharges and the condition

of over-standard discharges, as well as the construction and operation

of pollution prevention facilities.

In a similar vein, penalties for violating regulations in the New

Environmental Protection Law have been increased and strengthened.

The Environmental Protection Agency can seal up and detain polluting

enterprises' equipment. If a company exceeds the pollution limitation,

its manufacturing would be restricted to suspend production for recti-

fication and even to shut down its operations after obtaining approval

from the local government. A daily fine is imposed repeatedly on

offending companies who fail to rectify the problems within a speci-

fied time (Liu et al., 2021).

The new environmental law was regarded as the strictest law

regarding environmental protection in China. Strict environmental law

often triggers the discovery and introduction of greener and cleaner

technology improvements. In practice, driven by the firm's needs to

maximize shareholder financial profits, firms tend to prioritize their

interests rather than the environmental welfare of the whole society,

leading to a gap between corporate and social returns to green prac-

tices, that is, green innovation (Li et al., 2018). Strict environmental

law induces the certainty of environmentally innovative investments'

value and creates a demand for environmental products. Subse-

quently, it encourages the development of green technologies. Com-

panies are also more incentivized to improve their production and

facility through green innovation because they and their customers

may get more benefits and reduce the risk of punishment from the

new environmental protection law. Moreover, under strict environ-

mental law, pursuing green innovation can be regarded as an effort to

implement environmental regulation to obtain regulatory legitimacy

(Zhang et al., 2015).

2.2 | Theoretical framework

2.2.1 | Resource-based view

The resource-based view is concerned with how companies generate

and sustain competitive advantage, given that resources are valuable,

rare, imperfectly imitable, and imperfectly substitutable

(Barney, 1991). Resources are ‘… all assets, capabilities, organizational

processes, firm attributes, information, knowledge, etc., controlled by

a firm’ (Barney, 1991). Green innovation can be seen as an effort to

increase the efficient use of resources (Chen, 2008). Companies need

to acquire new resources and secure their control. Meanwhile, cus-

tomers may be seen as a vital driver of corporate innovation related

to products and services creation, experience and technological

advancement (Christensen et al., 2005).

When companies have a solid intention to bargain and keep a

relationship with alternative suppliers in resource dependence rela-

tionships, there is an imbalance among business co-operators and cus-

tomers having more freedom to select the most profitable contract

design (Pfeffer & Slancik, 1978). With solid bargaining power, major

HUANG ET AL. 3



customers are price setters, who usually hide demand information,

thus reducing the profitability of suppliers and the allocation of

resources in R&D activities (Krolikowski & Yuan, 2017).

Major customers may make special requests to demand their sup-

pliers to prioritize their resources promote green innovation. Besides

being an internal strategic asset, green innovation may be further seen

as a safety net to secure a firm's major customers, the firm's critical

external resources. Correspondently, from the perspective of the the-

ory of incomplete contacts, to avoid the other party's increasing

power, one party would resist engaging in ex ante investments, where

the hold-up problem arises (Hart & Moore, 1990). Namely, when cus-

tomers have strong bargaining power, they would expect lower

accrued profits. In this situation, suppliers have less tendency to make

relationship-specific investments and cut down their ex ante R&D

investment (Krolikowski & Yuan, 2017). Thus, suppliers might not

invest in ex ante green R&D to avoid increasing their major customers'

power.

On the other hand, companies can take advantage of the strong

supplier–customer relationship. In inter-organizational relations, the

core factor influencing managerial decision-making is the expectation

of transaction efficiency maximization and exchanging cost minimiza-

tion (Williamson, 1979). Developing a strong relationship with cus-

tomers allows a firm to maximize its limited resources. Also, it

provides a firm with the opportunity to share resources and learn new

skills to update the existing knowledge base. Further, it also allows a

firm to pursue cooperation with major customers to share risks

(Terziovski, 2010). However, this relationship-specific investment may

lead to a high cost if suppliers lose the existing customers and cooper-

ate with new customers (Gulati & Sytch, 2007). Thus, when managers

decide on green innovation investment, they tend to invest more into

it because they can gain more efficiency from the supply chain and

defend the risk of paying the cost of switching customers by

innovation.

2.2.2 | Legitimacy and institutional pressure view

Legitimacy refers to an organization's appropriate behaviour within

social systems constructed by values, norms, beliefs and definitions

(Ruef & Scott, 1998). As a branch, environmental legitimacy refers to

the appropriate or desired level for a company's environmental perfor-

mance (Bansal & Clelland, 2004). When a company's activities cannot

be approved, the legitimacy pressure rises to that company (Li

et al., 2017). Similarly, from the perspective of institutional theory,

companies are motivated to gain the approval and acceptance of the

institutional environment, namely, legitimacy, which inevitably and

significantly imposes pressure on the operation and behaviour of firms

(DiMaggio & Powell, 1983). Influential major customers may become

key suppliers to promote some practices such as environmentally

friendly innovation (Cheng, 2010).

The classification of legitimacy and institutional pressure is ana-

logical. Both legitimacy pressure and institutional pressure are divided

into three parts. Legitimacy pressure includes regulatory, normative

and cognitive, while institutional pressure contains coercive, norma-

tive and mimetic pressure (DiMaggio & Powell, 1983). Coercive pres-

sure is measured by the marketization index related to economic

development, legal construction and public environmental protection

awareness (Chen et al., 2018). Normative pressure generally stems

from customers, non-governmental organizations, investors, the social

public and industry associations (Berrone et al., 2013). Regulatory

pressure is mainly from governmental agencies' regulations formu-

lated and supervised (Daddi et al., 2016). Social ethics standards, such

as norms and values, are included (Zhang et al., 2015). Cognitive or

mimetic pressure comes from competitors who serve a similar and

major customer, as the authority of the powerful major customer to

impact all suppliers (the firm and its competitors) (Cheng, 2010). To

cope with the volatile business environment, firms should thus learn

from their competitors' behaviour and imitate it for gaining legitimacy.

Investing in green innovation might contribute to superior perfor-

mance in corporate environmental responsibility disclosure, providing

more opportunities to gain valuable resources, better publicity and

marketing for their products and services. It also helps firms obtain

popularity from socially conscious customers (Hillman & Keim, 2001).

Appropriate corporate environmental responsibility disclosure can

gain society's legitimacy (Liao, 2018). Hence, customer concentration-

based enterprises are eager to mitigate their legitimacy and institu-

tional pressure from customers and investors. Thus, the government

might be more positive about engaging in green innovation, improve

their satisfaction and win financial support from different investors

and governments (Chavez et al., 2016).

Besides, in empirical studies by Chen et al. (2018) and Liao (2018),

normative and coercive pressures, not cognitive pressures, have posi-

tive effects on corporate green innovation (Chen et al., 2018). Mean-

while, in recent years, sanctions on pollution and government

incentive considerably increased according to various environmental

regulations (Peng et al., 2021). If suppliers successfully research and

develop new green production or improve the manufacturing process

by adhering to environmental regulations, they will save the cost of

penalties. With the achievements in green innovation, firms would be

incentivized directly by governmental policy. Therefore, customer-

focused suppliers may tend to invest more in green innovation.

2.3 | Hypothesis development

Traditionally, major customers tend to utilize their bargaining power

to demand suppliers to give them lower selling prices, extend credit

terms and deliver more frequently at a smaller quantity (Gosman

et al., 2004). Major customers can thus be seen as a drive to promote

innovation and quality improvement to their suppliers (Du

et al., 2018). The suppliers aim to maintain satisfactory delivery to

retain major customers. If the relationship between major customers

and suppliers is strong, it can facilitate intra-organizational collabora-

tion, which provides a channel to integrate diversified knowledge

pools and technological information (Pan et al., 2020). Subsequently,

it attracts more industrial expertise and increases the corporate
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capability of research, making suppliers invest more in innovation (Pan

et al., 2020).

To meet the expectations of prioritized stakeholders such as

major customers, suppliers start paying attention to sustainability

trends, such as green innovation. Customers' demand for sustainable

suppliers is driven by a desire to protect their reputation. Adopting

environmentally sustainable supply chains is related to the overarch-

ing concept of corporate environmental responsibility (Wang &

Zhang, 2020). Both customers and suppliers share the same corporate

environmental responsibility philosophy. Thus, implementing green

innovation is one of the essential means to fulfilling this responsibility

(Ramirez et al., 2014).

With a high level of customer concentration, suppliers are more

likely to make more significant relationship-specific investments to

maintain such valuable relationships (Zhong et al., 2020). For instance,

Wu (2015) found that Chinese suppliers were more committed to

environmental conduct when they received pressure from multina-

tional consumers than local consumers. Investments in green innova-

tions are thus seen as an essential practice to address major

customers' concerns over firms' sustainable development

(Krolikowski & Yuan, 2017).

Moreover, when a firm faces a product-harm related crisis, news

on green innovation or environmental R&D investments can remedy

its damaged reputation (Chen, 2008). In particular, major customers

will blame a firm less if it invests more in green production and inno-

vation. Indeed, maintaining a green image can increase customers'

confidence and loyalty (Pan et al., 2020). Many firms nowadays specif-

ically require suppliers to pass specific environmental-related metrics.

For instance, Zhu et al. (2008) found that some automotive manufac-

turers needed their suppliers to pass the International Organization

for Standardization environmental management system standards.

Greater investment in R&D can lead to better corporate future

performance and attract more government subsidies (Wang &

Zhang, 2020). Disclosure of such information can effectively reduce

information asymmetry between customers and suppliers. As a result,

major customers with strong bargaining power demand firms to

increase environmental innovation inputs and disclosures to gain ben-

efits from increased share price or better business prospects (Lys

et al., 2015). Therefore, a concentrated customer base will likely moti-

vate suppliers to invest more in R&D and become more environmen-

tally innovative. These arguments lead to the first hypothesis:

H1. Customer concentration has a positive impact on a

firm's green innovation.

Compared to non-SOEs, the ultimate controllers of SOEs belong

to central and local government or government agencies. Backed by

public resources, SOEs generally have larger negotiation power when

dramatic changes in regulations or policies. Moreover, due to inherent

connections with the government, SOEs' operational objectives

include maximizing shareholder interests and assuming policy bur-

dens, such as maintaining social stability, improving the employment

rate and protecting the environment (Wang et al., 2019). As a result,

SOEs may invest in green innovations to cater to the regulators' call

on sustainability, build an environmentally responsible image and act

as role models for their counterparts (Wang & Zhang, 2020). In addi-

tion, as the board of SOEs is appointed by state officials, they have

strong incentives to overinvest in environmentally innovative activi-

ties to serve state interests and reduce the possibility of future CEOs

turnover (Wang et al., 2019). This is especially the case when the gov-

ernment promotes environment-related projects (Zhang et al., 2019).

Further, SOEs often better grasp the environmental regulator's

intention and accurately and quickly respond to it. In some instances,

the Chinese government has also established higher expectations for

SOEs' environmental performance (Li et al., 2017). Unlike non-SOEs,

SOEs have easier access to financial resources, for example,

government-backed bank loans, state subsidies, tax deductions and

other cheap factor inputs. Thus, SOEs have substantial resources to

support their investment in green innovation activities (Firth

et al., 2009). SOEs are more prepared to tolerate and cope with the

risk of green innovation investment. Based on the above discussion,

the second hypothesis is as follows:

H2. Compared to non-state-owned enterprises, the

relationship between customer concentration and green

innovation is more pronounced in SOEs.

The degree of marketization contains the level of the legal system

construction perfection, economic development and public environ-

mental protection awareness (Xie, 2017). The marketization degree

differs in diverse regions as it is expected that the development

among different regions is unbalanced (Li et al., 2019). Institutional

pressure positively impacts the green innovation of Chinese firms

(Chen et al., 2018). Scilicet, regions with high-level marketization facil-

itate the government, enterprises, customers and suppliers to switch

to sustainable development behaviour. Previous findings also indicate

that evident regional disparities exist regarding the economic

development–green innovation relationship. For instance, Chen

et al. (2017) find that regional green innovation decreases gradually

from developed eastern provinces to less developed western prov-

inces in China. For those firms located in developed regions, they

might be the ones that are heavily polluted. Thus, they have more

incentives and financial resources to make technological improve-

ments to address the issue of sustainable development (Zhang

et al., 2019). Consequently, the impact of customer concentration on

green innovation could be stronger.

Enhanced public environmental protection awareness may

encourage the activities of green innovation to avoid the cost of viola-

tion of laws and regulations and gain more support from governments

and environmentally conscious customers and investors. Cai and

Li (2018) report that an external environment can drive a firm's green

innovation and a firm may invest in green technologies to respond to

regulatory pressure. Indeed, in the high-level marketization regions, a

favourable market environment and increased competitiveness may

encourage firms to pursue more green innovation, leading to financial

benefits (Zhang et al., 2019). Thus, we state the hypothesis as follows:

HUANG ET AL. 5



H3. The impact of customer concentration on green

innovation is more pronounced in high-level marketiza-

tion regions.

Green innovation can be regarded as a substantial outcome of

environmental regulation (Shao et al., 2020). When major customers,

the firm's key stakeholders, become environmentally conscious, the

firm's greener innovative activities, further enabled by the regulations,

are likely to boost customer purchase decisions. China, as a resource-

rich country in aggregate, is resource-poor per capita. Government

engagement is key to enforcing and facilitating corporate environmen-

tal responsibility (Chang et al., 2015). The novel Environmental Pro-

tection Law was introduced to harmonize the imbalance between

economic development and environmental protection, which was the

most significant difference between the old and new laws. For exam-

ple, ‘no-ceiling’ daily sanctions were introduced to penalize illegal

firms, increasing the cost of violations. Similarly, officials are assessed

on their environmental performance, emphasizing environmental

stewardship. In most cases, it is designed to limit the environmental

impact of production and is an inevitable step towards achieving sus-

tainable development (Shao et al., 2020). In other words, it means to

require regional bureaus to impose proper implementation and strict

enforcement on local firms (Wong et al., 2018). Such robust legislative

support may attract more corporate environmental investment and

encourages companies to exploit their competitive advantages more

effectively (Zhang et al., 2019).

Implementing statutory green requirements intends to protect

the environment, increase resource efficiency and enhance business

performance. Contrary to the reluctance to invest in green innovation

as a cost centre, companies must embrace the more stringent law pro-

actively. Environmental regulations are found to increase business

performance, primarily via green process innovation (Qiu et al., 2020).

Additionally, Liu et al. (2021) investigated the new law's impact on the

green innovation behaviour of listed and high-polluting companies.

They found an increase in green patent applications after

implementing the new Environmental Protection Law.

Hence, offering environmental innovation to major customers is

dual-purposed, meeting the regulatory requirements and differentiat-

ing the firm from its competitors. As an extension to H1, we hypothe-

size as follows:

H4. The positive relationship between customer con-

centration and green innovation is more pronounced

after the promulgation of the new Chinese Environmen-

tal Protection Law.

3 | METHODOLOGY

3.1 | Data and variables

Our paper initially includes all firms listed in the Shanghai and

Shenzhen Stock Exchanges between 2006 and 2018, with a total

number of 18,876 firm-year observations. We manually collect green

innovation patents from the annual report of listed firms, China's

State Intellectual Property Office (SIPO) and the Baiteng patent net-

work databases.1 Data on corporate governance, financial perfor-

mance and firm characteristics are collected from the China Stock

Market and Research (CSMAR) database. In order to estimate the sta-

tistical models, our paper firstly excludes firms that issue B-shares

(8014 firm-year observations) and only includes those issue tradeable

A-shares to ensure that samples are comparable. We also exclude the

firms listed on ChiNext board,2 which reduces 680 firm-year observa-

tions. Moreover, we require non-missing data on control variables,

further reducing 108 firm-year observations. The final sample con-

tains 10,074 firm-year observations. In order to minimize the influ-

ence of outliers on the results of estimation, winsorization was

performed on the 1% and 99% quantiles of all continuous variables.

The dependent variable is a firm's green innovation patents. Pre-

vious studies have used indicators such as green R&D expenditures

and eco-labelling product certification (Lin et al., 2014) to measure

green innovation. Considering data availability, a green patent indi-

cates a firm's green innovation. The SIPO grants three types of pat-

ents: invention patents, utility model patents and design patents. In

particular, for a patent to be granted as an invention patent, it needs

to satisfy the requirement of novelty, inventiveness and practical

applicability.

Consequently, invention patents have the highest novelty com-

pared to utility model patents and design patents. In contrast, the

others only need to satisfy the requirement that a similar application

has not been granted (Zhang et al., 2019). Therefore, following Zhou

et al. (2017) and Zhang et al. (2019), invention patents are used to

analyse the main results. Among invention patents, only the green

invention patents are used to construct the dependent variable. Our

paper defines the green patents following the green inventory patent

classification published by the World Intellectual Property Organiza-

tion (WIPO). Specifically, the green invention patents refer to the pat-

ents in alternative energy production, transportation, energy

conservation, waste management, agriculture/forestry, administrative,

regulatory or design and nuclear power generation.

The independent variables include customer concentration, SOEs,

marketization and law. The degree of customer concentration is mea-

sured as the percentage of sales to Top 5 customers over a firm's total

sales (Dhaliwal et al., 2016). The variable SOEs is used to examine the

second hypothesis. SOEs are a dummy variable, which equals 1 if the

ultimate controller of a listed company is the state or state agencies

and 0 otherwise.

We introduce the variable Marketization to examine the third

hypothesis. This dummy variable equals 1 if the marketization index in

a province where the firm is located is above the sample mean and

0 otherwise. The marketization index measures the degree of market

development of a region. This index captures the following five

aspects of a given province: first, the association between govern-

ment and markets, such as the role of markets in allocating resources;

second, the development of non-state business, such as the ratio of

industrial output by the private sector to total industrial output; third,

6 HUANG ET AL.



the development of product markets, for example, local trade barriers;

fourth, the development of factor markets, for example, foreign direct

investments; and fifth, the development of market intermediaries and

the legal environment, such as the protection of property rights (Firth

et al., 2011). To examine H4, observations are divided into the pre-

New Environmental Protection Law period (i.e. 2006–2014) and post-

New Environmental Protection Law period (i.e. 2015–2018), where

Law is a dummy variable coded as 1 for the observations in or after

2015 and 0 otherwise.

We control the following set of variables in our model: firm-spe-

cifics, financial performance, and corporate governance. First, firm size

is controlled and measured as the natural logarithm of a firm's total

assets. Firms with a larger size can have easier access to various

resources, promoting greater investments in green innovation

(Liang & Liu, 2017). Firm leverage is controlled, as firms with higher

leverage tend to make efforts such as green innovation to satisfy

stakeholders' expectations for sustainable corporate development (Li

et al., 2018). Following Gao et al. (2020), firm listing age is controlled,

as firms may lose their ability to compete and innovate over time. A

firm's cash ratio is also controlled, a proxy of liquidity. Firms with

greater cash holding have more resources to invest in green innova-

tion (Tan et al., 2019). Financial performance variables such as sales

growth, Tobin Q and ROA are also included. According to Du (2015),

firms with worse financial performance may use green innovations as

a strategy to improve their public image and increase stakeholders'

confidence.

We include a firm's R&D staff ratio, which is measured as the

number of staff engaging in R&D activities to the total number of

staff. Firms with greater R&D staff have the capacity and incentives

to participate in green innovation (Li et al., 2018). We also include

institutional ownership. Institutional investors are more likely to posi-

tively influence green practices by mitigating agency problems by pro-

moting optimal corporate resource allocation and monitoring

management actions (Buchanan et al., 2018). We control managers'

stock ownership in a firm as it can affect how they choose their envi-

ronmental innovation strategies (Al-Shammari et al., 2019). Table 1

summarizes the definition of the variables.

3.2 | Research model

To estimate the relationship between customer concentration and

firm green innovativeness capability, we model the dynamics of the

green innovation patents through the dynamic panel specification:

Greeni,t ¼ α0þβ1Greeni,t�1þβ2Concentrationi,tþβ3Controli,tþεi,t ð1Þ

where i and t represent firms and years. Greeni,t is Green patents and

Greeni,t � 1 is its lagged value; Concentrationi,t is the ratio of sales to

Top 5 customers over total sales; Controli,t is a set of control variables;

εit is the error terms.

To estimate Equation 1, we use the dynamic system GMM esti-

mator developed by Arellano and Bover (1995) and Blundell and

Bond (1998), which accommodates the possible biases of endo-

geneity, heteroscedasticity and serial correlation. The GMM estimator

is an advanced method to solve endogeneity. A green patent may

have two-way causal relationships with concentration, firm size or

R&D staff. Thus, endogenous variables are instrumented with their

once lagged differences in our estimations. In our estimations, the sys-

tem GMM estimator uses the lagged values of the endogenous

explanatory variables in the time period t � 1 as instruments. In addi-

tion, because the GMM approach relies on moment conditions rather

TABLE 1 Variable definitions

Variable type

Variable

name Definition

Dependent

variable

Green Natural logarithm of green

invention patents

Main variables Concentration Percentage of sales to Top 5

customers over a firms total

sales

SOEs A dummy variable equals 1 if the

ultimate controller of a listed

firm is the state or state

agencies and 0 otherwise

Marketization A dummy variable equals 1 if the

marketization index is above

the sample mean and 0

otherwise. The marketization

index for each province was

complied with by Chinas

National Economics Research

Institute

Law A dummy variable equals 1 for

the observations in or after

2015 and 0 otherwise

Control

variables

Size Natural logarithm of a firm's total

assets

Leverage Ratio of total liabilities to the

company's total assets

Age Natural logarithm of one plus the

number of years a firm has

been listed on the stock

exchange

Cash Ratio of cash, short-term

investment and trading

financial assets to the total

assets

Growth Annual percentage of a firm's

sales growth

Tobin Q Ratio of the market value of

common equity divided by the

book value of total assets

ROA Ratio of net income to total

assets

R&D staff Ratio of R&D staff to total staff

Institution The proportion of shares held by

institutional investors

Managerial The proportion of shares held by

a firm's managers
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than full density, it can generate heteroscedasticity-consistent estima-

tions and asymptotically correct standard errors for statistical infer-

ences (Roodman, 2009).

To nullify no first- or second-order serial correlation in the first-

differenced residuals, we also provide the Arellano and Bond test

result (Arellano & Bond, 1991). The Sargan and Hansen statistics test

results are also necessary to test the homoscedasticity and validity of

instruments. The test results in all the regressions significantly support

the validity of instruments in our estimation and provide strong evi-

dence of no heteroskedasticity and autocorrelation problems within

panels.

4 | RESULTS

4.1 | Descriptive statistics

Panel A of Table 2 presents the overall descriptive statistics. It shows

that each firm has been granted 3.72 green invention patents on aver-

age. The average sales to Top 5 customers account for 30.76% of a

firm's total sales. Also, 36.8% of observations are SOEs, and 30.6% of

observations are in the post-New Environmental Protection Law

period. A firm's staff engaging in R&D activities account for 12.42% of

the total number of staff. We also observe that the annual sales

TABLE 2 Descriptive statistics

Panel A: Summary statistics

Variables N Mean SD Minimum Maximum

Green 10,074 2.711 17.590 0 138.6

Concentration (%) 10,074 30.75 22.900 0.970 99.26

SOEs 10,074 0.368 0.482 0 1

Marketization 10,074 0.478 0.500 0 1

Law 10,074 0.306 0.461 0 1

Size 10,074 9.591 0.640 8.230 11.80

Leverage 10,074 0.483 0.230 0.060 1.262

Age 10,074 1.600 1.199 0 3.235

Cash 10,074 0.159 0.131 0.005 0.655

Growth 10,074 0.207 0.539 �0.644 3.787

Tobin Q 10,074 2.218 1.661 0.931 11.570

ROA 10,074 0.036 0.068 �0.267 0.242

R&D staff (%) 10,074 12.320 11.720 0.160 62.900

Institution 10,074 0.262 0.246 0 0.885

Managerial 10,074 0.082 0.171 0 0.683

Panel B: Marketization index among different provinces in China

Province Provincial marketization index Province Provincial marketization index

Jiangsu 9.58 Guangxi 6.09

Zhejiang 9.24 Hunan 6.06

Shanghai 9.09 Heilongjiang 5.86

Guangdong 8.61 Hebei 5.73

Beijing 8.50 Hainan 5.45

Tianjin 8.20 Shaanxi 5.43

Shandong 7.49 Neimenggu 5.09

Fujian 7.43 Shanxi 4.99

Chongqing 7.06 Yunnan 4.79

Anhui 6.76 Ningxia 4.58

Liaoning 6.72 Guizhou 4.37

Henan 6.63 Gansu 3.67

Hubei 6.57 Xinjiang 3.12

Sichuan 6.23 Qinghai 2.63

Jilin 6.12 Xizang 0.18

Jiangxi 6.11
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growth rate is around 25.2%, indicating that Chinese listed firms grew

relatively fast during the sample period. The cash liquidity and return

on asset ratios are at 16% and 5.3% on average. Moreover, the mean

value of institutional ownership and managerial ownership is 26.3%

and 8.3%, respectively.

Panel B presents the marketization index among different prov-

inces in China. It is reported that there are differences in economic

and market development across the various provinces of China.

Jiangsu, Zhejiang, Shanghai, Guangdong, and Beijing are considered

relatively well-developed provinces whose market development

scores are high. Further, we also conduct a multicollinearity test using

the variance inflation factor (VIF). The mean VIF value is 1.39, indicat-

ing that multicollinearity is not a concern for our study.3

4.2 | Regression results

We present our baseline regression results in Table 3. Model 1 shows

a positive and significant association between customer concentration

and green innovation. The results validate our hypothesis H1 that

firms with corporate customer concentration facilitate green innova-

tions. This is because when customer concentration is high, customers

and suppliers become more interdependent, providing a channel to

integrate diversified knowledge pools and technological information.

Consequently, both sides are willing to maintain long-term coopera-

tion to integrate the supply chain and collaborate to invest in green

innovation (Krause et al., 2007).

Model 2 of Table 3 reports the effects of customer concentration

on corporate green innovation between SOEs and private firms. Sam-

ples are divided into SOEs (4866 firm-year observations) and non-

SOEs (5208 firm-year observations). The results align with H2, indi-

cating that the positive impact of customer concentration on green

innovation is more pronounced in the SOEs. However, there is no

relationship between customer concentration and green innovation in

private firms. This possible reason can be that SOEs can better and

quickly respond to environmental regulators' policies and calls on

environmental protection and fulfil their environmental duties. In

addition, as indicated in Wang and Zhang (2020), SOEs have greater

access to financial resources. Subsequently, they have more resources

to support their engagement in sustainable, innovative activities.

Model 3 of Table 3 shows the impact of customer concentration

on corporate green innovation in high and low marketization regions,

respectively. Samples are divided into firms located in the high level

of marketization regions (4545 firm-year observations) and those

located in the low level of marketization regions (5529 firm-year

observations). As expected, we see a positive impact of customer con-

centration on green innovation in provinces with a higher degree of

market development but no significant effect in regions with a lower

degree of market development. The results indicate that firms located

in provinces with high legal and economic development have greater

incentives to invest in green patents.

Model 4 of Table 3 presents the results for H4. Samples are

divided into the pre-New Environmental Protection Law period (4793

firm-year observations) and the post-New Environmental Protection

Law period (5281 firm-year observations). It is reported that customer

concentration is not associated with corporate green innovation in

the pre-New Environmental Protection Law subsample. In contrast,

customer concentration is positively related to a firm's green innova-

tion in the post-New Environmental Protection Law subsample. The

results imply that the new Environmental Protection Law significantly

motivates firms to engage in green practices. Subsequently, firms are

more likely to improve their technologies and invest in green innova-

tion to maintain a stable relationship with their major customers.

With respect to control variables, firm size is positively related to

corporate green innovation. This is in line with Liang and Liu's (2017)

finding that larger-sized firms can quickly access different resources,

which would improve corporate environmentally innovative perfor-

mance. Managerial ownership is negatively related to corporate green

innovation, indicating that higher managerial shareholdings reduce

managers' incentives to invest in green innovation. This suggests that

managers with more significant shareholdings are more likely to focus

on short-term financial interests and less concerned about green

issues. Consequently, they devote less attention to supporting such

environmentally innovative activities (Tang et al., 2018).

4.3 | Robustness tests

Several additional analyses are carried out to test the robustness of

our empirical analyses. First, we use an alternative measure of cus-

tomer concentration: percentage of sales to the first, second, third,

fourth and fifth largest customer over a firm's total sales, respectively.

Models 1–5 of Table 4 show that our main result still holds with the

alternative customer concentration measure, which alleviates the con-

cern that different large customer alone drives our results. Moreover,

we also re-estimate H2, H3 and H4 using the proportion of sales to a

firm's first, second, third, fourth and fifth largest customer as the inde-

pendent variable. The results are presented in Appendix B, and they

are consistent with our main findings.

Second, we examine the differences in customer concentration's

impact on corporate green innovation between industrial and non-

industrial firms. Industrial firms have been recognized for their signifi-

cance of being low-carbon and environmentally proactive by con-

ducting green practices and environmentally innovative activities

(Zhang et al., 2015). The results are presented in Model 1 of Table 5.

It is reported that the coefficient of customer concentration is signifi-

cantly positive in the subsample of industrial firms, indicating that the

impact of customer concentration on green innovation is more pro-

nounced in industrial firms.

Third, we examine the impact of customer concentration on

green innovation while incorporating the heavily polluted nature of an

industry. Thus, we divide samples into the heavily polluted and non-

heavily polluted industries. We present our results in Model 2 of

Table 5. The positive association between customer concentration

and green innovation is more pronounced for firms operating in

heavily polluting industries. Companies in heavily polluting industries
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are under the government's more stringent regulatory supervision

(Boesso & Kumar, 2007). Subsequently, it motivates them to be more

environmentally responsible.

Fourth, we re-estimate the main regression results by adding

R&D expenditure as a control variable. R&D expenditure is one of the

important inputs that can drive corporate green innovation. In addi-

tion, intense R&D investment allows firms to use knowledge created

outside the firm. In this regard, firms can have easier access to new

knowledge and apply it to make innovative products (Artz

et al., 2010). Models 1–4 in Table 6 present the results, all in line with

the main regression results.

Fifth, we consider the degree of stakeholder bargaining power.

According to Dai et al. (2021), the degree of industrial competition is

an essential channel for customers to affect suppliers' sustainable

practices. In particular, when the degree of competition among sup-

pliers is relatively high, the industry is less concentrated, and there are

more significant threats of substitutes. Subsequently, suppliers would

have less bargaining power, and customers would have the greater

bargaining power to affect corporate green innovative practices. To

proxy for the degree of industrial competition, we use a firm's

Herfindahl–Hirschman index (HHI) and collect it from the CSMAR

database. The greater the value of HHI, the less intense the industrial

competition (Yan et al., 2021). The results are presented in Table 7. It

is reported that there is a significantly negative relationship between

the interaction variable, Concentration*HHI and green innovation. In

addition, their relationship is more pronounced in SOEs, provinces

with a high level of marketization and after the implementation of the

new Environmental Protection Law. This is consistent with Dai

et al.'s (2021) argument that when the firms (suppliers) are operating

in a more intensively competitive industry, suppliers have less power

and have to meet the requirements of green innovation from major

customers. Therefore, major customers have the stronger bargaining

power to affect suppliers to align with their green practices and push

for more environmentally innovative activities. Overall, our results

confirm that industrial competition is an important channel that major

customers can affect suppliers' green innovation.

The operation of SOEs and the regional marketization level

might be related to government policies. For instance, SOEs or

TABLE 4 Robustness test: Different top customers

Variables

Model 1 Top1

Customer

Model 2 Top2

Customer

Model 3 Top3

Customer

Model 4 Top4

Customer

Model 5 Top5

Customer

ΔL. Green 0.909*** (0.045) 0.885*** (0.048) 0.910*** (0.041) 0.878*** (0.050) 0.886*** (0.053)

ΔConcentration: Sales for different
top customers

0.110** (0.055) 0.367* (0.205) 0.567** (0.278) 0.294* (0.177) 4.197** (2.119)

ΔSize 0.970 (1.058) 5.432** (2.123) 1.543 (0.959) 1.470 (1.279) 1.474 (2.921)

ΔLeverage �1.069 (1.459) �4.875 (3.986) �1.020 (1.363) �0.292 (3.365) �1.660 (15.449)

ΔAge 0.215 (0.483) �1.190 (1.252) 0.371 (0.470) 0.881 (1.080) 0.750 (1.349)

ΔCash �6.517 (6.340) �15.599 (10.457) 3.359 (3.271) �6.845 (7.023) �7.070 (11.657)

ΔGrowth 2.541* (1.440) 10.629** (4.877) 2.711* (1.458) 0.640 (1.577) 2.083 (4.981)

ΔTobin Q �0.121 (0.283) 1.083 (0.933) �0.112 (0.269) �0.037 (0.336) �0.030 (0.515)

ΔROA 16.224* (9.368) 3.854 (25.353) 7.262 (8.876) 16.477 (11.717) �10.290 (23.106)

ΔR&D staff �0.082 (0.096) �0.317 (0.316) �0.162 (0.111) �0.253** (0.107) �0.139 (0.220)

ΔInstitution �3.055** (1.440) �5.919*** (2.259) �3.762*** (1.347) �3.405* (1.785) �6.746* (3.940)

ΔManagerial 0.021 (1.456) �1.002 (2.256) 1.465 (1.465) 2.944 (2.221) 0.411 (10.443)

Constant �8.063 (9.806) �45.606** (23.058) �14.988* (8.450) �12.020 (11.721) �20.589 (19.265)

Total observations 7788 7916 7783 6487 7908

Number of firms 1620 1628 1620 1576 1628

A-B AR(1) test �6.73 [.000] �6.66 [.000] �6.84 [.000] �6.59 [.000] �6.42 [.000]

A-B AR(2) test 2.44 [.015] 2.39 [.017] 2.45 [.014] 2.40 [.017] 2.27 [.023]

A-B AR(3) test �0.65 [.515] �0.66 [.509] �0.67 [.502] �0.67 [.501] �0.67 [.505]

Sargan overid. test 25.99 [.463] 10.84 [.764] 25.73 [.689] 29.66 [.196] 24.69 [.480]

Hansen overid. test 25.01 [.519] 11.35 [.727] 23.52 [.793] 27.78 [.269] 19.63 [.766]

F test 87.97 [.000] 63.26 [.000] 77.95 [.000] 67.51 [.000] 48.34 [.000]

Notes: The dependent variable is the green invention patents. Instrumental variables in our regression specifications include the first lag of all independent

variables, that is, Concentration, Size, Leverage, Age, Cash, Growth, Tobin Q, ROA, R&D staff, Institution and Managerial, and the second lag of dependent

variable, that is, Green. t-statistics for coefficient estimates in parentheses are based on robust standard errors. p-values for various tests are recorded in

square brackets.

*p < .1.

**p < .05.

***p < .01.
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firms in developed regions tend to react more actively to the

implementation of laws (Li et al., 2017). Subsequently, we re-

estimate the models by interacting the variable Law with SOEs and

Marketization, respectively, in order to divide samples into different

subgroups and examine whether the impact of customer

concentration on green innovation is driven by the nature of own-

ership, the regional marketization level and the implementation of

the law.

The results are presented in Columns (1)–(8) of Table 8. In Col-

umns (1)–(4), we divide our samples into four subgroups, including

SOEs after the implementation of the law, non-SOEs after the imple-

mentation of the law, SOEs before the implementation of the law and

non-SOEs before the implementation of the law. It is observed that

the positive association between customer concentration and green

innovation is more pronounced for SOEs after the implementation of

the New Environmental Protection Law.

Columns (5)–(8) examine the impact of customer concentration

on green innovation while incorporating the factors, that is, marketiza-

tion level and passage of environmental law simultaneously.

Therefore, we divide our samples into four subgroups, including

(a) firms located in provinces with high marketization levels

after the implementation of the law; (b) firms located in provinces

with low marketization levels after the implementation of the

law; (c) firms located in provinces with high marketization

levels before the implementation of the law; and (d) firms

located in provinces with low marketization level before the imple-

mentation of the law. It is reported that the positive association

between customer concentration and green innovation is more

pronounced for firms in regions of China that have high-level

marketization after the implementation of the New Environmental

Protection Law.

Lastly, this section examines how moderating factors affect the

relationship between customer concentration and green innovation

by using the interaction term approach. The following regression

model is applied to re-examine H2, H3 and H4.

Greeni,t ¼ β0þβ1Greeni,t�1þβ2 Concentrationi,tþβ3τi,t
þβ4 Concentrationi,t� τi,tð ÞþXi,tþεi ð2Þ

TABLE 5 Robustness test: Industrial firms and heavy-polluting firms

Variables

Model 1 Model 2

Industrial firms Non-industrial firms Heavy polluting Non-heavy polluting

ΔL. Green 0.945*** (29.515) 0.638*** (8.319) 0.893*** (18.371) 0.988*** (27.172)

ΔConcentration 0.030* (1.847) �0.003 (�0.148) 0.035* (1.780) 0.014 (1.045)

ΔSize 2.261** (2.033) 1.065 (0.970) 2.317* (1.808) 1.053 (1.500)

ΔLeverage �4.301 (�1.370) 2.645 (1.060) �2.256 (�0.661) �1.180 (�1.248)

ΔAge 0.103 (0.115) �0.421 (�0.542) �1.177 (�1.174) �0.107 (�0.220)

ΔCash �8.608 (�1.472) �4.358 (�0.784) 5.931 (1.007) �3.551 (�1.466)

ΔGrowth �0.249 (�0.187) �0.168 (�0.181) 0.270 (0.165) �0.470 (�0.438)

ΔTobin Q 0.010 (0.028) 0.624* (1.670) 0.067 (0.138) �0.099 (�0.443)

ΔROA 2.044 (0.198) 9.565 (1.018) �11.082 (�0.733) 13.908** (2.243)

ΔR&D staff �0.318** (�1.991) 0.018 (0.166) �0.012 (�0.047) 0.029** (2.059)

ΔInstitution �4.137** (�2.473) �1.208 (�1.011) �2.456 (�1.505) �2.841*** (�2.707)

ΔManagerial 3.016 (0.543) 4.702 (0.570) �5.017 (�0.728) �2.758* (�1.877)

Constant �14.435 (�1.403) �11.515 (�1.109) �18.350 (�1.421) �8.321 (�1.293)

Total observations 8610 2525 3636 6748

Number of firms 1471 409 580 1295

A-B AR(1) test �7.864 [.000] �3.852 [.000] �4.905 [.000] �7.214 [.000]

A-B AR(2) test 2.968 [.003] 1.811 [.007] 2.036 [.042] 2.692 [.007]

A-B AR(3) test 0.159 [.874] �0.433 [.665] 0.613 [.540] �0.210 [.834]

Sargan overid. test 19.29 [.859] 32.57 [.212] 26.11 [.090] 54.16 [.027]

Hansen overid. test 18.51 [.887] 26.03 [.517] 33.64 [.177] 39.01 [.336]

F test 153.30 [.000] 19.52 [.000] 36.98 [.000] 136.6 [.000]

Notes: The dependent variable is the green invention patents. Industrial and heavy polluting firms are classified based on the CSRC Industrial Classification

Guideline (2012). Heavy-polluting firms include firms with following industrial codes: B06-B09, C17, C19, C22, C25-C28, C30-C33 and D44. Instrumental

variables in our regression specifications include the first lag of all independent variables, that is, Concentration, Size, Leverage, Age, Cash, Growth, Tobin

Q, ROA, R&D staff, Institution and Managerial, and the second lag of dependent variable, that is, Green. t-statistics for coefficient estimates in parentheses

are based on robust standard errors. p-values for various tests are recorded in square brackets.

* p < .1.

** p < .05.

*** p < .01.
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where the main independent variable, Concentrationi,t, is the percent-

age of sales to Top 5 customers over a firm i's total sales. The dummy

variable, τi,t, refers to the nature of firm ownership, the level of mar-

ketization and the passage of Environmental Protection Law,

depending on the analysis context. The coefficient of interest, β4, cap-

tures the interaction effect of customer concentration and firm own-

ership structure, provincial marketization level and implementation of

Environmental Protection Law on corporate green innovation. Xi,t is a

vector of firm i's control variables, and εi is the error term.

Regarding the interaction effects, our results show positive and

significant coefficients (e.g. Concentration*SOEs, Con-

centration*Marketization and Concentration*Law) in Models 1–3

(Table 9). These findings further support H2, H3 and H4, which indi-

cate that the positive impact of customer concentration on green

donation is more pronounced if the company is state-controlled or

located in the provinces with a high level of marketization or after

China's new Environmental Protection Law implementation.

5 | CONCLUSIONS

This study examines the relationship between customer concentration

and corporate green innovation. Using the GMMmethod, we find that

customer concentration is positively related to firms' engagement in

green innovation. These findings are consistent with the view that

customers and suppliers become more interdependent when cus-

tomer concentration is high. Thus, firms have more incentives to

maintain a stable relationship with major customers. Subsequently,

firms invest more in green innovation to promote sustainable corpo-

rate growth and maintain a firm's social legitimacy.

Our study also investigates the moderating effects of ownership

type, geographical location and the New Environmental Protection Law

passage. The results demonstrate that the positive relationship between

customer concentration and corporate green innovation is more pro-

nounced for SOEs. Also, we find that the positive association between

customer concentration and green innovation is more pronounced for

TABLE 9 Robustness test: Interaction term approach

Model 1 Model 2 Model 3

ΔL. Green 0.984*** (22.080) 0.944*** (29.567) 1.007*** (23.136)

ΔConcentration*SOEs 0.349** (2.241)

ΔConcentration*Marketization 0.031* (1.680)

ΔConcentration*Law 0.181* (1.813)

ΔConcentration 0.597*** (4.732) 0.003 (0.128) 0.052 (0.761)

ΔSize 17.275*** (7.372) 1.478 (0.729) 7.864*** (4.143)

ΔLeverage �40.787*** (�5.182) �5.937 (�1.089) �18.717*** (�2.818)

ΔAge �4.487*** (�4.199) �1.116 (�0.487) �5.406*** (�3.217)

ΔCash �8.370 (�0.952) �0.448 (�0.016) �30.867** (�2.353)

ΔGrowth 15.220*** (4.320) 8.917* (1.813) 11.656*** (4.215)

ΔTobin Q 3.513*** (4.559) 0.095 (0.155) 1.534** (2.120)

ΔROA �162.900*** (�4.599) �49.734 (�1.286) �69.462** (�2.182)

ΔR&D staff �0.172*** (�4.232) �0.957** (�2.308) 0.012 (0.312)

ΔInstitution �11.925*** (�4.469) �4.796 (�1.171) �15.572*** (�2.980)

ΔManagerial 4.965 (0.727) 3.988 (0.251) �35.220*** (�2.805)

Constant �157.341*** (�7.186) 4.445 (0.183) �49.768*** (�2.788)

Total observations 10,074 10,074 10,074

Number of firms 1880 1879 1880

A-B AR(1) test �22.79 [.000] �23.39 [.000] �25.44 [.000]

A-B AR(2) test 9.885 [.000] 9.621 [.000] 11.07 [.000]

A-B AR(3) test 0.052 [.959] 0.389 [.698] 0.610 [.542]

Sargan overid. test 380.70 [.000] 11.81 [.757] 391.30 [.000]

Hansen overid. test 67.37 [.000] 10.85 [.819] 71.39 [.000]

F test 95.99 [.000] 255.70 [.000] 963.62 [.000]

Notes: The dependent variable is the green invention patents. Variables ‘SOEs’, ‘Marketization’ and ‘Law’ are controlled in Models 1, 2 and 3, respectively.

Instrumental variables in our regression specifications include the first lag of all independent variables, that is, Concentration, Size, Leverage, Age, Cash,

Growth, Tobin Q, ROA, R&D staff, Institution and Managerial, and the second lag of dependent variable, that is, Green. p-values for various tests are

recorded in square brackets.

*p < .1.

**p < .05.

***p < .01.
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firms located in regions with a high degree of market development.

Moreover, customer concentration on green innovation is more pro-

nounced in the post-New Environmental Protection Law period.

We have conducted several robustness tests and find that our

results remain consistent with the main findings. For instance, our

results are robust to alternative measures of customer concentration,

that is, the sales ratios for different major customers. Besides, we

observe that customer concentration positively impacts corporate

green innovation among industrial firms. In addition, compared to the

firms operating in non-heavy polluting industries, major customers

positively influence firms' engagement in green innovation activities

from heavily polluting industries. Moreover, the main findings remain

unchanged after controlling ‘R&D expenditures’. We also find that

the positive association between customer concentration and green

innovation is more pronounced for SOEs and firms located in prov-

inces with high marketization levels after implementing the New Envi-

ronmental Protection Law. Furthermore, we find that industrial

competition is an important channel that major customers can affect

suppliers' green innovation.

This study makes several theoretical contributions. Firstly, this

study contributes to the literature debating the pros and cons of hav-

ing a concentrated customer base. Specifically, previous literature

argues that major customers have greater bargaining powers, which

increases firm risks and relevant financing costs (Irvine et al., 2016).

However, our study finds that having a concentrated customer base

yields benefits of encouraging a firm's innovative sustainable develop-

ment. In addition, even for previous literature that has discussed the

impact of building a stable major customer–supplier relationship on

innovation (Pan et al., 2020), we extend their studies by examining

green innovation instead of general innovation. Moreover, we

examine how the implementation of the Environmental Protection

Law affects the association between customer concentration and

green innovation and highlight the positive role played by environmen-

tal regulation. In this regard, we contribute to a growing number of lit-

erature by assessing the consequences of environmental regulation. It

is believed that firms with major customers are more likely to take the

initiative to change their strategies for production and operation of

business to adapt to the high threshold of environmental regulation.

This study is also the first study examining the relationship

between customer concentration and green innovation while incorpo-

rating ownership types and regional marketization levels. We find that

SOEs with a major customer base may have higher incentives to

invest in green innovation. In this regard, we contribute to the grow-

ing yet divided literature on debating the benefits and challenges of

facing by SOEs. Although SOEs are often considered less efficient in

productivity and are likely to do nothing but maintain the existing

advantages (Wang et al., 2019), we find that they are more likely to

fulfil their environmental responsibilities, largely due to their advan-

tages of getting greater financial resources. Similarly, we extend previ-

ous literature by providing evidence that an effective marketization

system can enhance a firm's input in sustainable innovation.

This study provides several implications for managers and regula-

tors. Firstly, managers are expected to improve the sustainable and

innovative ability of the companies by complying with the environmen-

tal rules and sticking to the environmental protection targets that were

set. They should consider integrating customer resources and building

more stable customer relationships to achieve more support for corpo-

rate green investment. From the view of customers, they play an impor-

tant role in influencing suppliers' green innovation input. Subsequently,

it is suggested that major customers consider issues relating to sustain-

able corporate growth. This is very important when the firms are oper-

ating in a more intensively competitive industry, as they have less

power and have to meet the requirements of green innovation from

major customers. Supporting suppliers' green innovation can lead to

higher financial profits and a better image of fulfilling environmental

duties, achieving a win-win situation for major customers.

Second, managers in SOEs are encouraged to maintain stable and

sustainable relationships with major customers. Compared to non-

SOEs, SOEs have greater access to financial resources, which can fur-

ther support their investment in green innovation. This is especially

important after implementing the revised Environmental Protection

Law, as there is a greater need for green product innovation and

heavier punishment for environmental misconduct. Subsequently, it is

expected that managers in SOEs actively fulfil environmental respon-

sibility and be role models for their counterparts.

Major customers play the role of fostering rather than hindering

corporate green innovation investment. As the impact of customer

concentration on green innovation is more pronounced in the post-

New Environmental Protection Law period, central and local govern-

ments should continue to strengthen the implementation of coercive

tools such as environmental protection laws and regulations to

encourage more corporate engagement in green practices. In addition,

regulators should encourage firms to build a more stable and stronger

relationship with their suppliers, especially those with a good reputa-

tion for fulfilling environmental duties, engage more in relationship-

specific investments and spend more on green R&D expenditures. To

maintain and strengthen such relationships, greater investments are

required in the early stage (Irvine et al., 2016). Subsequently, firms are

expected to engage in more innovative product co-development and

information sharing with their major customers. As the relationship

matures and becomes more established, the cost will be decreased,

and firms can enjoy the benefits of achieving sustainable growth.

However, we should be careful in interpreting these results. Cus-

tomer concentration is a double-edged sword. On the one hand, it

encourages a firm's engagement in innovative practices and focuses

on its long-term sustainable growth pattern. On the other hand, high

customer concentration leads to weak bargaining power. In particular,

a firm tends to make a series of concessions, such as extending trade

credits during business negotiations (Fabbri & Klapper, 2016). Besides,

a firm with high customer concentration faces severe financial and

liquidity risks of losing cash flows if the customer goes bankrupt. This

is especially the case if a particular customer represents a large por-

tion of a firm's sales (Dhaliwal et al., 2016).

Moreover, although environmental regulations can improve cor-

porate environmental performance by encouraging green technologi-

cal innovation within enterprises, it also costs firms. For instance,
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Gray and Shadbegian (2003) find that environmental regulations lead

to a 9.3% decline in productivity within the specific, integrated US mill

industry. Therefore, regulators need to be aware of the pros and cons

of such policy tools and find a more balanced approach to facilitate

sustainable corporate development.

Despite this study's contributions, there are still limitations that

future research can attempt to address them accordingly. For

instance, Zhou et al. (2019) find that managers' expectations can mod-

erate the impact of customer concentration on firms' innovation activ-

ities. This is because managers may have different expectations and

accordingly affect the decision-making of enterprises. In particular,

optimistic managers tend to make more aggressive environmental and

innovative investments. However, due to the unavailability of data,

our study cannot incorporate managers' expectations into our empiri-

cal model; therefore, future research is expected to collect such data

through surveys or interviews and include them in the research

models.
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ENDNOTES
1 Baiteng patent network is available at the http://so.5ipatent.com/
2 The ChiNext board mainly includes start-up firms, especially high-tech

firms.
3 We have presented a correlation matrix in Appendix A. As shown in the

correlation table, the Pearson correlation coefficients among all variables

are less than 0.45, indicating that the multicollinearity issue is not a con-

cern for our paper. In this Appendix, ***, ** and * represent the 1%, 5%

and 10% levels of significance, respectively.
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APPENDIX B: ROBUSTNESS TEST: DETAILED RESULTS FOR DIFFERENT TOP CUSTOMERS

Variables Model 1

Model 2 Model 3 Model 4

SOE Non-SOE
High
Marketization

Low
Marketization After Law Before Law

Concentration:Top 1

ΔL. Green 0.909***

(0.045)

0.680***

(16.214)

0.620***

(17.696)

0.683***

(20.112)

0.639***

(14.327)

0.524***

(36.310)

0.681***

(15.922)

ΔConcentration:
Top 1

0.110**

(0.055)

0.138**

(2.293)

0.004 (0.138) 0.079* (1.879) 0.057 (1.424) 0.149* (1.916) �0.001

(�0.017)

Control variables Yes Yes Yes Yes Yes Yes Yes

Total

observations

7788 3344 4161 3360 4145 3805 2845

Concentration:Top 2

ΔL. Green 0.885***

(0.048)

0.937***

(25.571)

0.810***

(11.324)

0.816***

(12.658)

0.874***

(12.571)

0.954***

(22.663)

0.733***

(9.680)

ΔConcentration:
Top2

0.367*

(0.205)

0.159* (1.651) 0.074 (0.548) 0.433** (2.127) 0.271 (0.953) 0.121* (1.665) 0.080 (0.625)

Control variables Yes Yes Yes Yes Yes Yes Yes

Total

observations

7916 2742 3752 3359 4144 3651 3389

Concentration:Top3

ΔL. Green 0.910***

(0.041)

0.928***

(14.640)

0.930***

(18.079)

0.807***

(12.270)

0.884***

(12.273)

0.900***

(15.747)

0.851***

(19.675)

ΔConcentration:
Top 3

0.567**

(0.278)

0.244* (1.666) 0.082 (0.696) 1.111** (2.183) 0.939 (0.982) 0.274* (1.679) 0.101 (0.968)

Control variables Yes Yes Yes Yes Yes Yes Yes

Total

observations

7783 3931 3747 3357 4142 3931 3152

Concentration:Top 4

ΔL. Green 0.878***

(0.050)

0.670***

(14.478)

0.817***

(12.654)

0.751***

(13.955)

0.978***

(18.948)

0.941***

(19.320)

0.883***

(19.175)

ΔConcentration:
Top 4

0.294*

(0.177)

0.420**

(2.285)

0.294 (1.136) 0.479* (1.844) 0.010 (0.062) 0.380* (1.669) �0.045

(�0.318)

Control variables Yes Yes Yes Yes Yes Yes Yes

Total

observations

6487 2925 4421 3562 3557 3928 2840

Concentration:Top 5

ΔL. Green 0.886***

(0.053)

0.548***

(11.955)

0.912***

(18.165)

0.761***

(14.183)

0.983***

(18.958)

0.948***

(23.772)

0.868***

(20.219)

ΔConcentration:
Top 5

4.197**

(2.119)

0.898* (1.748) 0.408 (1.623) 1.298** (2.094) 0.012 (0.067) 0.543* (1.752) 0.033 (0.194)

Control variables Yes Yes Yes Yes Yes Yes Yes

Total

observations

7908 3472 3741 3561 3555 3928 3148

Notes: The dependent variable is the green invention patents. Instrumental variables in our regression specifications include the first lag of all independent

variables, that is, Concentration, Size, Leverage, Age, Cash, Growth, Tobin Q, ROA, R&D staff, Institution and Managerial, and the second lag of dependent

variable, that is, Green. t-statistics for coefficient estimates in parentheses are based on robust standard errors. p-values for various tests are recorded in

square brackets. ***p < .01, **p < .05, and *p < .1, respectively.
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