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Despite widespread attention on the significance of green supply chain

integration (GSCI), there is still limited research on how GSCI can improve

firms’ green innovation performance. From the perspective of the natural

resource-based view and dynamic capability theory, based on the

theoretical logic of “resource-capability-performance”, this study aims to

explore the relationship between GSCI and firms’ green innovation

performance and its intrinsic mechanism. In order to test the research

model, this study collected survey data from 405 Chinese manufacturing

firms and tested them by using hierarchical regression and bootstrap

analysis. The results show that all three dimensions of GSCI, namely, green

internal integration, green supplier integration, and green customer integration,

have positive effects on supply chain agility. In addition, supply chain agility has a

significant positive impact on green product and process innovation. This study

also finds that supply chain agility plays a partially mediating role between all

three dimensions of GSCI and green product and process innovation; that is,

GSCI can further promote firms’ green innovation performance by improving

supply chain agility. The results of this study not only enrich the theoretical

research on the driving factors of firms’ green innovation but also provide policy

implications for manufacturing firms and government policy-makers regarding

the implementation and promotion of green innovation practices.
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1 Introduction

Currently, companies in various countries face many

challenges brought about by environmental changes, such as

global warming, energy consumption, and natural resources

exhaustion, while promoting economic growth (Khan et al.,

2022e; Wangsa et al., 2022). The economic growth approach,

at the expense of the environment, has become a major

bottleneck limiting the survival and growth of enterprises

(Bildirici and Gökmenoğlu, 2017; Khan et al., 2022d).

Additionally, with increasingly stringent government

environmental regulations and rising awareness of

environmental protection among consumers, providing green

products and services in an environmentally friendly manner has

become an important way for companies to gain competitive

advantage (Khan et al., 2021b; Khan et al., 2022c). Therefore,

seeking a sustainable development path has become a top

priority. Green innovation, as the extension and promotion of

traditional innovation, is regarded as a key force to balance the

contradiction between economic growth and ecological

environment development, and, eventually, to achieve

sustainable development (Long et al., 2017). Therefore,

exploring the path to improving corporate green innovation

performance has become an important issue that needs to be

addressed urgently.

According to the natural resource-based view (NRBV), the

heterogeneous resources and unique capabilities accumulated by

enterprises to respond to natural environmental challenges have

a significant impact on green innovation (Hart, 1995). Due to

increasing global competition and technological complexity,

market competition has shifted from individual firms to

supply chains (Yeh et al., 2020). It is difficult for firms to

respond to the turbulent external environment by relying only

on their resources, which leads to a series of challenges and risks

for implementing firms’ green innovation strategies (Huang and

Li, 2017). Therefore, breaking through organizational boundaries

and actively seeking cooperation with supply chain partners to

access complementary resources has become a major means to

improve firms’ green innovation performance (Birasnav and

Bienstock, 2019). In this context, there is a practical necessity

and urgency to construct a green supply chain and implement

green supply chain integration (GSCI) (Khan et al., 2021a;

Mondal and Giri, 2022). GSCI refers to the extent to which

companies and supply chain partners can improve resource

utilization and achieve environmental goals through

environmental cooperation and collaborative management of

intra- and inter-organizational processes (Du et al., 2018). As

an important strategy for enterprises, GSCI not only helps to

enhance trust among supply chain members and promote the

interaction and flow of information and knowledge resources but

also helps to integrate multiple and scattered advantageous

resources in the supply chain, thus compensating for the lack

of corporate resources (Yang et al., 2020). Therefore, the

implementation of GSCI will have an important impact on

corporate green innovation performance. However, reviewing

the existing literature, although the research around the theme of

GSCI has attracted the attention of academic circles in recent

years, scholars mainly focus on the impact of GSCI on firms’

financial performance (Zhang et al., 2020) or environmental

performance (Ji et al., 2020), while the impact of GSCI on

green innovation performance has not received enough

attention. Therefore, this study attempts to explore the

relationship between GSCI and corporate green innovation

performance.

In addition, although GSCI provides enterprises with access

to resources (Yang et al., 2020), it is still unclear how enterprises

can use acquired resources to guide their green innovation

practice in a competitive and dynamic market environment

(Lyu et al., 2021; Khan et al., 2022b). Therefore, to fully

understand the relationship between GSCI and firms’ green

innovation performance, the “black box” between their

relationships should be opened. In recent years, scholars have

introduced dynamic capabilities from the perspective of the

resource internalization process to explore the specific process

by which resources act on firm performance (Parente et al.,

2022). As a higher-order dynamic capability, supply chain agility

helps companies quickly capture potential opportunities and

risks in market competition and respond to turbulent

environmental changes efficiently by rapidly arranging or

coordinating organizational resources (Dubey et al., 2018),

thus avoiding the negative impact of supply chain disruptions

(Khan et al., 2022a; Khan and Ponce, 2022). Therefore, supply

chain agility is helpful to dynamically match a company’s

resources with their environment to maximize their

effectiveness, thus becoming an important guarantee for the

effectiveness of GSCI (Shukor et al., 2021). Accordingly, this

study intends to explore the role of supply chain agility in the

relationship between GSCI and corporate green innovation

performance from the perspective of dynamic capability to

clarify the internal mechanism of the transformation from

GSCI to corporate green innovation performance.

In summary, from the perspective of NRBV and DCT, based

on the theoretical logic of “resource-capability-performance,”

this study aims to deeply explore the relationship between

GSCI and corporate green innovation performance and its

intrinsic mechanism by using the survey data of 405 Chinese

manufacturing enterprises. In order to achieve this goal, this

study tries to answer the following questions: 1) What impact of

GSCI’s three dimensions on supply chain agility? 2)What impact

does supply chain agility have on corporate green product and

process innovation? 3) Does supply chain agility mediate the

relationship between GSCI’s three dimensions and firms’ green

product and process innovation? Accordingly, this paper may

have the following contributions. Firstly, this study discusses the

influence of GSCI on supply chain agility and corporate green

innovation performance, thus enriching the theoretical research

Frontiers in Environmental Science frontiersin.org02

Zhang et al. 10.3389/fenvs.2022.1045414

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1045414


related to GSCI. Although the importance of GSCI has gradually

gained the attention of scholars in recent years, tests on its effects

are still limited. Most scholars focus on discussing the impact of

GSCI on corporate financial performance (Zhang et al., 2020) or

environmental performance (Ji et al., 2020), but pay less attention

to its impact on green innovation performance, resulting in a lack

of related research. Therefore, this study explores the impact of

GSCI on supply chain agility and corporate green innovation

performance through empirical research, thereby expanding its

scope of application. Secondly, this study discusses the

influencing factors of green innovation performance from the

perspective of resources and capabilities, thus enriching the

antecedent research on green innovation performance.

Existing research mainly focused on the influence of external

factors on green innovation performance, such as stakeholder

pressure (Nguyen and Adomako, 2022) and institutional factors

(Zhang et al., 2022), but lacked a discussion on the antecedents of

green innovation performance in the context of the supply chain.

This study innovatively takes the perspective of GSCI and supply

chain agility to explore their impact on green innovation

performance, thereby enriching the empirical research on the

influencing factors of green innovation performance under the

background of “double carbon”, and also opening up new ideas

for the existing literature. Thirdly, this paper discusses the

mediating effect of supply chain agility on the relationship

between GSCI and corporate green innovation performance,

thus unveiling the “black box” of the relationship between

GSCI and green innovation performance. Existing research

lacks the exploration of the intrinsic mechanism between

GSCI and corporate green innovation performance and thus

fails to clearly understand the specific process by which GSCI

affects green innovation performance. Based on the theoretical

logic of “resource-capability-performance”, this study examines

the mediating role of supply chain agility between GSCI and

green innovation performance from the perspective of dynamic

capability, thus clarifying the potential mechanism of GSCI

affecting green innovation performance and providing a

theoretical reference and practical guidance for the

management practice of manufacturing enterprises using

GSCI to improve their green innovation performance.

2 Literature review and hypothesis
development

2.1 Green supply chain integration

Supply chain integration refers to a manufacturing firm’s

strategic collaboration with supply chain partners and

coordinated management of intra- and inter-organizational

processes to provide maximum value to customers (Flynn

et al., 2010; Donkor et al., 2021). As public awareness of the

environment grows, GSCI is proposed, based on traditional

supply chain integration, and is defined as the extent to which

manufacturing companies and their supply chain partners can

improve resource utilization and achieve environmental goals

through environmental cooperation and the collaborative

management of intra- and inter-organizational processes (Du

et al., 2018). Like supply chain integration, GSCI can be divided

into three dimensions: green internal integration, green supplier

integration, and green customer integration (Lo et al., 2018).

Green internal integration means that companies remove cross-

functional barriers and enable different departments to

collaborate environmentally in strategy, decision-making, and

operations to respond promptly to potential environmental

issues (Shah and Soomro, 2021). Green supplier and customer

integration, often referred to as external green integration, reflect

the degree of cooperation between companies and their supply

chain partners in environmental protection (Guo et al., 2022).

Green supplier integration helps companies and suppliers

understand each other’s environmental responsibilities and

helps companies reduce pollutant emissions at the source by

jointly setting environmental goals and sharing environmental

plans (Ji et al., 2020). Green customer integration helps

companies better understand the green needs of the market,

enabling them to achieve the same environmental goals, for both

supply and demand, through joint planning (Zhao et al., 2020).

Owing to the importance of GSCI, it has become a hot topic in

management research in recent years, and progress has been

made in related research. Some scholars have explored the

antecedents of GSCI from organizational internal and external

perspectives. For example, Wang and Feng (2022) argued that

ethical leadership helps to improve corporate image, which in

turn contributes to the implementation of GSCI. Shafique et al.

(2018) found that IoT capabilities can help companies quickly

collect and process data information, thus ensuring efficient

green collaboration among supply chain partners and then

improving GSCI. Yang et al. (2021) indicated that suitable

governance mechanisms not only clarify the responsibilities

and obligations between partners but also increase the

commitment and trust between them, thus reducing

opportunistic behavior and contributing to the efficiency of

green customer integration. In addition, some scholars have

provided empirical evidence for the effects of GSCI through

their studies. Most of them believe that there is a “bright side” to

GSCI. For example, Kong et al. (2021) found that GSCI can help

to promote organizational internal and external communication

and cooperation, which improves firms’ financial performance. Ji

et al. (2020) argued that green supplier integration helps firms to

acquire advanced green technologies from their suppliers, which

contributes to developing the ability of firms to cope with the

environment and achieving the improvement of environmental

performance. However, some scholars have confirmed that there

is a “dark side” to GSCI. For example, Shi et al. (2022) found that

green customer integration is usually regarded as a firm-

customer-specific investment, which leads to high switching
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costs and increases the opportunistic behavior of partners;

therefore, green customer integration may bring business risks

to firms. Existing research has explored the antecedents and

consequences of GSCI based on different perspectives, making an

important contribution to the development of the field of GSCI

and laying the foundation for subsequent research.

2.2 Green innovation performance

In recent years, with increasing environmental pollution,

external pressure has forced companies to gradually improve

their environmental awareness and produce green products to

reduce the damage to the environment (Arroyave et al., 2020;

Khan et al., 2021b); thus, green innovation was born. Green

innovation, also known as environmental innovation, is defined

as an innovative activity wherein companies adopt new or

improved products, processes, and organizational management

to reduce pollution emissions and realize the harmonious

coexistence between man and nature. According to existing

research, green innovation performance is usually classified

into green product innovation and green process innovation

(Wei et al., 2020). Green product innovation emphasizes the

integration of environmental protection concepts in its life cycle

to minimize the negative impact of new products on the

environment (Wei et al., 2020). Green process innovation

aims to reduce pollutant emissions and improve energy

efficiency by improving or developing new processes (Xie

et al., 2019). Unlike traditional innovation, green innovation

emphasizes economic as well as environmental benefits; thus, it is

considered an important way to achieve sustainable development

(Long et al., 2017).

Despite a large number of studies confirming its important

role, enterprises usually lack the willingness and motivation to

undertake green innovation due to its double externality,

characteristics of high investment and risk, and long cycle

time (Bai et al., 2019). Therefore, how to efficiently promote

corporate green innovation performance has become a key issue

and has attracted widespread academic attention. In the existing

literature, most scholars focus on the driving effects of

organizational external factors on green innovation

performance. For example, Zhang et al. (2022) argued that

environmental regulations could stimulate firms’ green

innovation activities and promote continuous improvement of

products and processes, thus producing an innovation

compensation effect. Long and Liao (2021) pointed out that

since green innovation requires a large amount of R&D

investment, fiscal policy incentives can effectively compensate

for the limitation of insufficient corporate funds, thus increasing

firms’ willingness to green innovation. Nguyen and Adomako

(2022) found that the pressure from stakeholders can encourage

firms to be proactive towards environmental responsibility, thus

effectively promoting the implementation of corporate green

innovation strategy. In addition, some scholars have shifted

their research perspectives to organizational internal. For

example, Zhao et al. (2021) found that executives with

academic experience usually have a higher sense of social

responsibility; therefore, they can better understand and take

responsibility for environmental protection, which helps to

improve firms’ green innovation performance. Asiaei et al.

(2022) confirmed that organizational intellectual capital is the

intangible asset of firms, and thus it becomes a powerful driving

force for firms’ green innovation. Wang (2019) argued that

organizational green culture helps to enhance employees’

green organizational identity and enables them to better

understand the company’s green practices, thus promoting

corporate green innovation activities. Although scholars have

done a lot of research on the driving factors of green innovation

performance and achieved fruitful results, the research on the

impact of GSCI on green innovation performance has not

received sufficient attention. In recent years, due to increasing

market competition and technological changes, the development

of green innovation places higher requirements on firms’

knowledge structure and resource reserves, making it difficult

for many enterprises to carry out green innovation

independently because of talent, capital, and technology

constraints (Huang and Li, 2017). In this context, GSCI, as an

important strategy for enterprises, not only helps to reduce the

risk of uncertainty in the process of green innovation but also

integrates the multiple and scattered advantageous resources in

the supply chain; this helps to realize resource sharing,

complementation, and integration, and then compensates for

the lack of corporate innovation resources (Yang et al., 2020;

Kong et al., 2021). Therefore, it will be very effective in improving

firms’ green innovation performance. Based on this, this study

explores the impact of GSCI’s three dimensions on corporate

green product and process innovation and its intrinsic

mechanism, which is of strategic importance for effectively

promoting and improving corporate green innovation

performance.

2.3 Green supply chain integration and
supply chain agility

The highly dynamic and competitive external environment

has caused unprecedented pressure and challenges for

companies; to survive and grow in fierce competition, the

ability of companies to respond and adapt to changes quickly

is particularly important (Yuan and Cao, 2022). As a higher-

order dynamic capability, supply chain agility refers to a firm’s

ability to quickly respond to changes in a volatile environment by

rapidly organizing and realigning operations and strategies

within the supply chain (Dubey et al., 2018). Supply chain

agility helps companies quickly capture threats and

opportunities in the market environment; therefore, they can
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prepare with the resources to respond to the development of new

services (Cai et al., 2019). Consequently, an increasing number of

companies are realizing the importance of supply chain agility.

Existing research suggests that the dynamic capability of an

enterprise is developed through a process of combining,

renewing, and developing its unique resources (Abrudan et al.,

2022). Therefore, firms must have sufficient resources to improve

their dynamic capabilities (Kale et al., 2019). GSCI, as an

important strategy for firms, helps integrate multiple and

scattered resources in the supply chain (Yang et al., 2020).

Therefore, in this study, we suggest that GSCI will have a

significant influence on supply chain agility.

In many companies, information and communication are

usually confined within departments, causing problems of

untimely information transfer, and inaccurate communication

and understanding between members of different departments,

which affect the firm’s agile response to unforeseen situations

(Roscoe et al., 2020). Green internal integration breaks down

departmental barriers within the organization, enhances

communication and cooperation between different

departments, and enables different departments to participate

in and execute the operation plan of the enterprise as early as

possible (Flynn et al., 2010; Shah and Soomro, 2021), which helps

each department understand and grasp the firm’s resources and

capabilities, and optimize the firm’s resources by cooperating.

Therefore, it will help firms plan effectively to respond to

dynamic market changes (Khanuja and Jain, 2021). At the

same time, the collaborative atmosphere created by green

internal integration enhances the emotional attachment and

organizational commitment of employees (Shah and Soomro,

2021). This sense of identity, in turn, improves communication

efficiency among cross-functional members, facilitating better

and faster decision-making by sharing information about

corporate production operations in real-time, thus speeding

up problem-solving (Liu et al., 2018; Ramos et al., 2021). In

addition, the breadth and richness of knowledge acquired by an

enterprise is an important prerequisite for enhancing agility, that

is, the richer the knowledge base of an enterprise, the stronger its

ability to cope with and resolve uncertainties in the market

environment (Ji et al., 2020; Parente et al., 2022). Green

internal integration enhances the mutual understanding and

common expectations of corporate environmental strategies

within the enterprise, thus greatly reducing friction and

hindrance in communication and cooperation, which helps to

facilitate the flow of explicit and implicit knowledge among

members within the enterprise. Moreover, in the process of

continuous capital accumulation, the collision of different

modes of thinking helps break the confinement of the

inherent knowledge structure to employees, and realize the

reorganization and creation of knowledge (Kong et al., 2020;

Roscoe et al., 2020). New knowledge can effectively stimulate the

potential of knowledge within the organization (Luo et al., 2018),

which helps enterprises predict the trend of environmental

changes more accurately and revisit the opportunities and

challenges in the external environment, thus enhancing their

ability to respond to changes and providing the possibility of

improving supply chain agility (Cheng and Lu, 2017). Thus, we

propose the following hypothesis:

H1: Green internal integration has a positive impact on supply

chain agility.

Green external integration creates an atmosphere of mutual

trust between enterprises, which allows them to share risks and

benefits with supply chain partners, thus building a long-term

and stable cooperation network between them (Guo et al., 2022).

This stable partnership helps enhance mutual trust and

dependence, thus reducing the risk of resource spillover and

speculation in cooperation and mitigating the tendency of

opportunistic behavior by supply chain members. This

facilitates the interaction and flow of information and

knowledge within the supply chain (Zhao et al., 2021), and

further improves supply chain agility. Specifically, green

supplier and customer integration improve the

communication efficiency among supply chain members,

facilitating high-quality information-sharing in all aspects of

production planning, inventory levels, and demand

forecasting, thus helping companies to develop more robust

response strategies (Wong et al., 2020; Kong et al., 2021). For

example, green supplier integration allows companies and

suppliers to have a deeper understanding of each other’s

business and mutual needs, which facilitates suppliers to

adjust their supply plans promptly, thus improving the

company’s ability to respond to supply market dynamics (Ji

et al., 2020). Green customer integration helps in the timely

acquisition of valuable market information, such as

environmental demands, environmental policies, and

competitor development, which helps companies grasp the

overall market trends and take prompt actions to respond to

dynamic changes in the environment, thus improving supply

chain agility (Mao et al., 2017; Ramos et al., 2021).

Suppliers and customers are important sources of green

knowledge for companies (Melander, 2018). Green external

integration strengthens the continuous interaction between

enterprises, suppliers, and customers, forming an embedded

relationship network. This not only enriches the channels for

enterprises to acquire knowledge, but also facilitates enterprises

to carry out learning activities across organizational boundaries,

thus expanding the scope of knowledge search and promoting

enterprises to acquire diversified knowledge resources (Du et al.,

2018; Yeh et al., 2020). Moreover, compared to general

knowledge sources, the external knowledge acquired through

green suppliers and customers has higher harmony and validity,

which will help improve the efficiency of enterprises’ adoption of

external knowledge (Wei et al., 2020). The organic integration of

internal and external knowledge helps improve the thinking of

enterprises, encouraging them to think beyond convention, thus
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providing more feasible solutions and countermeasures for

enterprises, reducing the response time to environmental

changes, and improving supply chain agility (Martínez-Ros

and Kunapatarawong, 2019; Donbesuur et al., 2021). Thus, we

propose the following hypotheses:

H2: Green supplier integration has a positive impact on supply

chain agility.

H3: Green customer integration has a positive impact on supply

chain agility.

2.4 Supply chain agility and corporate
green innovation performance

According to the DCT, the ability of an enterprise to adjust

organizational resources to adapt to changes in external

environment will help the firm survive and thrive in a

turbulent environment, thereby improving its green

innovation performance (Teece, 2007). As an important part

of dynamic capabilities, supply chain agility helps companies

reconfigure and update their organizational resources to respond

quickly to external environmental change (Dubey et al., 2018),

whichmakes it a prerequisite for green innovation (Zhu and Gao,

2021).

Supply chain agility increases the flexibility of companies,

making them sensitive to the dynamic changes of external

environment (Cai et al., 2019) and also keep abreast of the

government’s environmental policy requirements and

competitors’ developments, which helps them fully grasp the

green demand in the market and their own development

direction (Zhou et al., 2018). This reduces the risk and

uncertainty of exploring green innovation, thus improving

corporate green innovation performance (Singh et al., 2022).

In addition, supply chain agility helps companies identify

potential market opportunities accurately, thereby gaining the

time to innovate (Shahzad et al., 2020). When a company with

higher agility identifies potential green opportunities in the

market, it can quickly optimize its resources and fully

mobilize them to invest heavily in green products or processes

that are more compatible with the market (Yuan and Cao, 2022).

This not only shortens the company’s response time to new

demands and increases the speed of new product development

significantly (Hoonsopo and Puriwat, 2021), but also prepares

resources for enterprises to implement green innovation strategy

(Cai et al., 2019), thus promoting green product and process

innovation. Simultaneously, good market performance increases

stakeholders’ confidence in the company, which in turn attracts

more external resources to further support the firm’s green

innovation activities (Pan et al., 2021). In addition, supply

chain agility alerts companies to potential risks of

environmental changes, thereby increasing their sensitivity

and risk resistance to the external environment (Riquelme-

Medina et al., 2022). Agile enterprises can promptly handle

unexpected crises, finding specific countermeasures to resolve

problems, and actively adjusting the factors unfavorable to their

development, thus reducing or avoiding the negative effects of

supply chain disruption risks (Abdelilah et al., 2021; Khan et al.,

2022a; Riquelme-Medina et al., 2022), this guarantees the smooth

implementation of green innovation activities, and creates

excellent green innovation performance. Thus, we propose the

following hypotheses:

H4: Supply chain agility has a positive impact on green product

innovation.

H5: Supply chain agility has a positive impact on green process

innovation.

2.5 Mediating role of supply chain agility

Owing to the high risk and uncertainty of green innovation, it

is difficult for firms to implement green innovation with their

resources; thus, they need to cooperate with supply chain

partners to obtain the required resources (Ocicka et al., 2022).

Existing research suggests that firms’ innovation resources may

come from both inside and outside the organization (Kafouros

et al., 2020). GSCI helps integrate multiple and scattered

advantageous resources in the supply chain, thus providing

access to resources for enterprises (Yang et al., 2020).

However, it is difficult for firms to guarantee the smooth

implementation of green innovation by only having abundant

static resources, and enterprises need to have a certain dynamic

ability to quickly adjust internal and external resources to

dynamically match their environment and effectively improve

green innovation (Du et al., 2018; Shukor et al., 2021). Therefore,

this study argues that GSCI will impact corporate green

innovation performance by improving supply chain agility.

Specifically, GSCI builds a collaborative atmosphere of mutual

sharing and joint participation, which enables the establishment

of deep cooperation among different departments, suppliers, and

customers, and effectively improves the level of information

sharing among them (Kong et al., 2021). This close and

continuous information sharing helps enterprises obtain high-

quality green information and critical complementary

environmental knowledge resources (Kong et al., 2020), thus

improving supply chain agility. Higher agility helps enterprises

quickly identify green opportunities in the market and develop

response plans before competitors, thus preparing resources and

activities for green innovation activities (Cai et al., 2019; Yuan

and Cao, 2022). At the same time, this agility helps to improve

corporate environmental perception, keeping them constantly

alert to potential risks in unpredictable environments. This

reduces the risk of supply chain disruptions (Abdelilah et al.,
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2021; Khan et al., 2022a; Riquelme-Medina et al., 2022) and

guarantees the stable operation of the supply chain system, which

ultimately improves corporate green innovation performance.

Thus, we propose the following hypotheses:

H6: Supply chain agility positively moderates the relationship

between green internal integration and (a) green product

innovation and (b) green process innovation.

H7: Supply chain agility positively moderates the relationship

between green supplier integration and (a) green product

innovation, and (b) green process innovation.

H8: Supply chain agility positively moderates the relationship

between green customer integration and (a) green product

innovation, and (b) green process innovation.

Based on the above analysis, a conceptual model is proposed

for this study, as shown in Figure 1.

3 Research methodology

3.1 Sampling and data collection

Manufacturing is an important driving force for China’s

boom economy and a major source of industrial pollution

emissions. Chinese companies are facing increasingly

stringent environmental regulations in the context of the

“double carbon” target. Consequently, Chinese companies

are placing great emphasis on investing in green innovation

(Zhang et al., 2022). Moreover, firms in China are highly

dependent on the network of relationships among supply

chain members (Yanga and Linb, 2020); therefore, this

provides an ideal research background for this study to

explore the interactions between the variables. Based on

this, this study collected relevant data from Chinese

manufacturing firms by using a questionnaire survey. In

this study, the measurement scales were derived from well-

established scales in the existing literature. To ensure the

accuracy of the data, we first followed the methods of

translation and back translation to ensure accurate

language expression and easy understanding of the

semantic meaning. Second, we invited four experts with

relevant research experience to evaluate the initial scale and

selected senior managers for long-term cooperation with

the subject group, for preliminary testing of the

questionnaire before the formal research of the

questionnaire, thereby modifying and improving it

according to the pre-research and experts’ feedback to

form the final measurement scale. From April 2022 to

July 2022, we distributed 860 questionnaires through the

research team’s network with the senior management of

relevant enterprises and professional third-party research

platforms. After excluding invalid questionnaires, 405

were obtained, with a usable response rate of 47.09%. The

detailed distribution of sample characteristics is presented in

Table 1.

3.2 Measures

In this study, the variables were measured on a seven-point

Likert scale, with 1–7 indicating the degree of agreement with the

description of the question. Among them, 1 means, “very non-

conforming” and 7means, “very conforming”. (See Supplementary

Appendix SA1).

3.2.1 Green innovation performance
Green innovation performance is an important indicator that

can reflect the implementation of corporate green innovation

strategy. Drawing on Wei et al. (2020), this study uses green

product and process innovation to measure green innovation

performance. The indicators of each dimension were measured

with five items.

FIGURE 1
Conceptual model.
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3.2.2 Green supply chain integration
Drawing on Kong et al. (2021), this study measures GSCI

from three dimensions: green internal integration, green supplier

integration, and green customer integration. The indicators of

each dimension were measured with five items.

3.2.3 Supply chain agility
Supply chain agility usually reflects the ability of firms in

the supply chain to perceive and respond to changes in the

market environment (Zhu and Gao, 2021). Therefore,

drawing on Altay et al. (2018) and Aslam et al. (2020),

this study considers these two abilities as evaluation

criteria for supply chain agility and uses six items to

measure them.

3.2.4 Control variables
Based on previous studies (Ji et al., 2020), firm age,

ownership, size, and industry type were selected as control

variables to control for potential confounding impacts. Firm

age and size were measured by the number of operational years

and number of employees, respectively. Firm ownership was

measured using a dummy variable with 1 = state-owned

enterprise and 0 = otherwise. Firm industry type was

measured using a dummy variable with 1 = highly polluting

industry and 0 = otherwise.

3.3 Reliability and validity

To ensure the reliability and validity of the subsequent

empirical analysis, this paper uses SPSS and AMOS software

to test the reliability and validity of all variables, and Table 2

shows the test results. In terms of reliability, the Cronbach’s α
value of each measurement variable was greater than 0.70, and

the composite reliability (CR) value of each measurement

variable was above 0.70, indicating that the measurements in

this study have good reliability. Validity includes both content

and structural validity. In terms of content validity, the scales of

TABLE 1 Profile of sampled firms.

Characteristics of firms Number Percentage (%)

Firm age

≤5 22 5.4

6–10 82 20.2

11–15 128 31.6

≥16 173 42.7

Ownership

State-owned 96 23.7

Privately owned 274 67.7

Joint venture 26 6.4

Foreign owned 9 2.2

Number of employees

≤100 42 10.4

101–300 101 24.9

301–500 77 19

501–1,000 80 19.8

1,001–2000 42 10.4

>2000 63 15.6

Industry

Food products 57 14.1

Communication and computers related equipment 65 16

Pharmaceutical and medical 38 9.4

General equipment 69 17

Electrical machinery and equipment 60 14.8

Chemical products and petrochemical industry 13 3.2

Automobile and transport equipment 46 11.4

Textiles and apparel 22 5.4

Others 35 8.6

Total 405
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this study were all from the well-established scales in the

existing literature and were modified after discussion and

pre-testing by relevant experts and scholars, which ensured

the content validity of the scales to a certain extent.

Structural validity usually includes convergent and

discriminant validity. As shown in Table 2, the

standardized factor loading values of each measurement

variable are greater than 0.70, and the average variance

extracted (AVE) values of each measurement variable are

greater than 0.50, indicating that the scale used in this study

has good convergent validity. The square root of the AVE in

Table 3 is higher than the correlation coefficient between the

factors, indicating that the scale has good discriminant

validity. In addition, the results of the validation factor

analysis showed that the indices χ2/df (<3.000), RMSEA

(<0.080), GFI, NFI, and IFI (>0.900) were within a good

range, indicating a good fit of the model. In conclusion, the

measurements in this study have good reliability and

validity.

3.4 Common method variance

Although the questionnaire was reasonably designed and

refined before the survey data, and it was emphasized that the

collected data were used only for academic research, as much

as possible, the problem of common method variance may still

arise because all the questions in the questionnaire were filled

in by the same respondents. Therefore, this paper use

Harman’s single-factor test to test the common method

variance. The results showed that the first factor explained

29.393% of the total variance, which was less than 40%,

indicating that there was no serious common method

variance.

TABLE 2 Measurement reliability and validity.

Variables Items Factor loadings Cronbach’s α CR AVE

Green internal integration (GII) GII1 0.773 0.885 0.886 0.608

GII2 0.743

GII3 0.777

GII4 0.801

GII5 0.804

Green supplier integration (GSI) GSI1 0.795 0.884 0.885 0.606

GSI2 0.740

GSI3 0.744

GSI4 0.782

GSI5 0.828

Green customer integration (GCI) GCI1 0.813 0.881 0.882 0.600

GCI2 0.757

GCI3 0.771

GCI4 0.758

GCI5 0.770

Supply chain agility (SCA) SCA1 0.749 0.895 0.897 0.593

SCA2 0.755

SCA3 0.775

SCA4 0.762

SCA5 0.784

SCA6 0.794

Green product innovation (GPDI) CP1 0.774 0.854 0.857 0.600

CP2 0.775

CP3 0.766

CP4 0.782

Green process innovation (GPCI) LC1 0.853 0.913 0.914 0.726

LC2 0.861

LC3 0.860

LC4 0.834

Note: Model fit statistics: χ 2/df = 1.050; RMSEA = 0.011; GFI=0.940; NFI=0.945; IFI = 0.997.
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4 Analyses results

In this study, SPSS software was used to test the research

hypotheses using hierarchical regression analysis. Before testing

the research hypotheses, this study examined multicollinearity

among the variables. As shown in Table 3, the means and

standard deviations of the variables were within a reasonable

range, and there was a correlation between the main variables. In

addition, the correlation coefficients between the variables were

all less than 0.7, and the variance inflation factor (VIF) values of

each variable were all less than 2. This indicates that

multicollinearity is not an issue, which meets the

requirements for further regression analysis. The regression

results are presented in Table 4 and Figure 2.

In Table 4, Model 1 is a regression model of control variables

on supply chain agility, and Model 2 adds three dimensions of

GSCI based on Model 1. The results show that green internal

integration (β = 0.236, p < 0.001), green supplier integration (β =

0.316, p < 0.001), and green customer integration (β = 0.282, p <
0.001) have significant positive effects on supply chain agility.

Meanwhile, compared toModel 1, the R2 of Model 2 improved by

0.290 after including GSCI, and the F-test also reveals that Δ R2 is

significant. Hence, Hypotheses H1, H2, and H3 are supported.

Models 5 and 9 were used to test the impact of supply chain

agility on green product and process innovation. Model 3 is the

regression model of the control variables for green product

innovation. Model 5 adds supply chain agility based on Model

3, and the results show that supply chain agility has a significant

positive impact on green product innovation (β = 0.416, p <
0.001). Meanwhile, compared to Model 3, the R2 of Model

5 improved by 0.170 after including supply chain agility, and

the F-test also reveals that ΔR2 is significant. Hence, H4 is

supported. Model 7 is a regression model of the control

variables on green process innovation, and Model 9 adds

TABLE 3 Summary and correlation of variables.

Variables Mean S.D. Age Ownership Size Industry GII GSI GCI SCA GPDI GPCI

Age 3.116 0.914 1

Ownership 0.237 0.426 0.126* 1

Size 3.415 1.585 0.445** 0.265** 1

Industry 0.331 0.471 0.054 −0.022 −0.038 1

GII 4.254 1.149 Measurement reliability and
−0.066

−0.094 −0.028 −0.020 0.780

GSI 4.072 1.175 0.045 −0.019 0.091 −0.010 0.114* 0.778

GCI 4.410 1.102 0.000 0.053 0.019 −0.054 0.120* 0.136** 0.774

SCA 4.011 0.910 0.082 0.012 0.045 −0.082 0.299** 0.382** 0.357** 0.770

GPDI 4.219 0.983 −0.096 0.000 -0.042 0.009 0.280** 0.322** 0.274** 0.401** 0.774

GPCI 4.249 1.154 0.030 −0.052 −0.023 −0.111* 0.272** 0.343** 0.277** 0.444** 0.372** 0.852

Note: The number in bold in the diagonal of the correlation matrix is the square root of the AVEs. *p < 0.05; **p < 0.01.

FIGURE 2
Regression model coefficients.
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supply chain agility based on Model 7. The results show that

supply chain agility has a significant positive effect on green

process innovation (β = 0.438, p < 0.001). Meanwhile, compared

to Model 7, the R2 of Model 9 improved by 0.189 after including

supply chain agility, and the F-test also reveals that ΔR2 is

significant. Hence, H5 is supported.

This study constructs model 4 and model 6 and uses the

stepwise regression method to validate the mediating effect of

supply chain agility on the relationship between the three

dimensions of GSCI and green product innovation. In

Table 4, Model 4 shows that green internal integration (β =

0.221, p < 0.001), green supplier integration (β = 0.276, p <
0.001), and green customer integration (β = 0.211, p < 0.001)

have significant positive effects on green product innovation.

Model 6 adds supply chain agility based on Model 4, and the

results show that the positive effects of green internal integration

(β = 0.165, p < 0.001), green supplier integration (β = 0.202, p <
0 0.001) and green customer integration (β = 0.144, p < 0.01) on

green product innovation become smaller, but are still

significant, after including supply chain agility. Meanwhile,

compared to Model 4, the R2 of Model 6 improved by

0.039 after including supply chain agility, and the F-test also

reveals that ΔR2 is significant. Hence, supply chain agility

partially mediates the relationship between all three

dimensions of GSCI and green product innovation. In

addition, Models 8 and 10 were constructed in this study to

test the mediating effect of supply chain agility on the

relationship between the three dimensions of GSCI and green

process innovation. Model 8 in Table 4 shows that green internal

integration (β = 0.212, p < 0.001), green supplier integration (β =

0.293, p < 0.001), and green customer integration (β = 0.210, p <
0.001) have significant positive effects on green process

innovation. Model 10 adds supply chain agility based on

Model 8, and the results show that the positive effects of

green internal integration (β = 0.150, p < 0.01), green supplier

integration (β = 0.210, p < 0.001), and green customer integration

(β = 0.135, p < 0.01) on green process innovation become smaller,

but are still significant, after including supply chain agility.

Meanwhile, compared to Model 8, the R2 of Model

10 improved by 0.048 after including supply chain agility, and

the F-test also reveals that ΔR2 is significant. Hence, supply chain

agility partially mediates the relationship between all three

dimensions of GSCI and green process innovation. In

summary, Hypotheses H6, H7, and H8 are supported.

In addition, this study used bootstrap analyses (repeated

sampling 5,000 times) to further examine and verify the

mediating effect of supply chain agility. If the 95% bias-

corrected confidence intervals do not include 0, the mediating

effect is significant; the test results are shown in Table 5. In

Table 5, the indirect effects of green internal integration, green

supplier integration, and green customer integration on green

product innovation through supply chain agility are 0.096, 0.108,

and 0.115, respectively. The 95% bias-corrected confidence

intervals [0.057, 0.141], [0.069, 0.152], and [0.073, 0.164] do

not include 0, indicating that the mediating effect of supply chain

agility is significant. In addition, the indirect effects of green

internal integration, green supplier integration, and green

customer integration on green process innovation, through

TABLE 4 Results of regression analysis.

Variables SCA GPDI GPCI

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model9 Model10

Control variables

Age 0.086 0.101* −0.098† −0.084† −0.133** −0.108* 0.061 0.074 0.024 0.048

Ownership −0.001 0.021 0.013 0.036 0.014 0.031 −0.052 −0.029 −0.051 −0.034

Size 0.004 −0.036 −0.001 −0.036 −0.002 −0.027 −0.041 −0.077 −0.043 −0.068

Industry −0.086 −0.065 0.015 0.032 0.051 0.047 −0.117* −0.100* −0.079† −0.083

Independent variables

GII 0.236*** 0.221*** 0.165*** 0.212*** 0.150**

GSI 0.316*** 0.276*** 0.202*** 0.293*** 0.210***

GCI 0.282*** 0.211*** 0.144** 0.210*** 0.135**

Mediator

SCA 0.416*** 0.236*** 0.438*** 0.264***

R2 0.014 0.304 0.010 0.219 0.180 0.257 0.018 0.233 0.208 0.281

F 1.445 24.790*** 0.964 15.861*** 17.510*** 17.154*** 1.878 17.238*** 20.944*** 19.392***

ΔR2 0.014 0.290 0.010 0.209 0.170 0.039 0.018 0.215 0.189 0.048

ΔF 1.445 55.135*** 0.964 35.392*** 82.902*** 20.696*** 1.878 37.041*** 95.433*** 26.670***

Note: †p < 0.1; *p < 0.05; **p < 0.01; ***p < 0.001.
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supply chain agility, are 0.121, 0.134, and 0.145, respectively. The

95% bias-corrected confidence intervals [0.077, 0.170], [0.087,

0.188], and [0.094, 0.201] do not include 0, indicating that the

mediating effect of supply chain agility is significant. The results

of this analysis further support H6, H7, and H8.

5 Discussion

Combining NRBV and DCT, based on the analytical logic of

“resource-capability-performance”, this study constructs a

theoretical model of GSCI, supply chain agility, and corporate

green innovation performance and aims to deeply explore the

relationship between GSCI and corporate green innovation

performance and its intrinsic mechanism. Based on this, this

study uses hierarchical regression and bootstrap analysis to test

the survey data of 405 Chinese manufacturing firms and draws

the following conclusions.

Firstly, all three dimensions of GSCI have positive impacts on

supply chain agility. Specifically, the close cooperation network

built by GSCI promotes deep communication among supply

chain members and helps enterprises to search and acquire a

large number of valuable resources, such as information,

technology, and knowledge (Yang et al., 2020), thus playing

an important role in promoting supply chain agility. Among

them, green internal integration enhances communication

within the organization and helps enterprises achieve a

centralized allocation of resources to respond to

environmental changes (Flynn et al., 2010; Khanuja and Jain,

2021), thereby improving supply chain agility. Green supplier

and customer integration build a cooperative atmosphere of

mutual trust among supply chain members, which enhances

the closeness of the mutual relationship and helps shorten the

transmission time and path of complementary resources in

cooperation (Du et al., 2018; Zhao et al., 2021). Consequently,

it will accelerate the speed of multiple options and the response of

enterprises to cope with environmental uncertainty (Martínez-

Ros and Kunapatarawong, 2019; Donbesuur et al., 2021), thereby

contributing to the cultivation and shaping of supply chain

agility.

Secondly, supply chain agility improves firms’ green

innovation performance. Supply chain agility is a dynamic

process whereby enterprises reconfigure and optimize their

resources, which is an important prerequisite for the

successful implementation of a firm’s green innovation

strategy (Dubey et al., 2018; Zhu and Gao, 2021). On the one

hand, supply chain agility increases the flexibility and sensitivity

of enterprises; therefore, they can discover potential green

opportunities in the market before their competitors and fully

mobilize internal and external resources of enterprises to invest

in green innovation activities in line with market demand, thus

gaining the time to innovate and contributing to the generation

of new products and processes (Yuan and Cao, 2022). On the

other hand, enterprises with higher supply chain agility can

timely perceive the potential risks and threats in the

environment and reduce the risk of supply chain disruption

by quickly adjusting corporate strategy (Abdelilah et al., 2021;

Khan et al., 2022a; Riquelme-Medina et al., 2022), which

guarantees the smooth implementation of green innovation

activities and thus improving green product and process

innovation performance.

Thirdly, supply chain agility plays a partial mediating role in

the relationship between all three dimensions of GSCI and

corporate green innovation performance. This finding

confirms the bridging role of supply chain agility in corporate

green innovation activities; that is, the three dimensions of GSCI

not only have a direct impact on corporate green innovation

performance but can also indirectly promote them by improving

supply chain agility. Specifically, GSCI helps form a strong

relationship network among supply chain members, provides

a channel for the interaction and flow of information and

knowledge among enterprises (Yang et al., 2020), improves

the knowledge system of enterprises, and provides more

feasible options for enterprises to solve problems (Martínez-

Ros and Kunapatarawong, 2019; Donbesuur et al., 2021), which,

in turn, improves supply chain agility. This higher supply chain

TABLE 5 Bootstrapped mediation results.

Model Total effect Direct effect Indirect effect

Coefficient t value Coefficient t value Point estimate Lower Upper

GII→SCA→GPDI 0.041*** 5.784 0.040*** 3.525 0.096 0.057 0.141

GSI→SCA→GPDI 0.040*** 6.992 0.040*** 4.167 0.108 0.069 0.152

GCI→SCA→GPDI 0.043*** 5.751 0.430** 3.062 0.115 0.073 0.164

GII→SCA→GPCI 0.048*** 5.654 0.047** 3.247 0.121 0.077 0.170

GSI→SCA→GPCI 0.460*** 7.399 0.047*** 4.419 0.134 0.087 0.188

GCI→SCA→GPCI 0.050*** 5.778 0.496** 2.917 0.145 0.094 0.201

Note(s): *p < 0.05; **p < 0.01; ***p < 0.001. 95% CI: Bias corrected bootstrap 95% confidence interval based on 5,000 bootstrap samples.
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agility enables enterprises to quickly perceive potential market

opportunities and risks in a turbulent environment and

effectively absorb, reorganize and transform the acquired

information and technical resources by flexibly allocating and

integrating internal and external resources (Dubey et al., 2018),

thus laying a solid foundation for improving corporate green

product and process innovation.

6 Conclusion

In the context of low-carbon economy, enterprises are faced

with the double challenges of economic growth and environmental

protection. Green innovation, as a new form of innovation from the

perspective of ecological civilization, has become an inevitable choice

for enterprises to achieve sustainable development (Long et al.,

2017). Therefore, how to effectively improve corporate green

innovation performance has become an important issue.

However, due to increasing global competition and technological

complexity, market competition has shifted from individual firms to

supply chains (Yeh et al., 2020). It is difficult for firms to respond to

the turbulent external environment by relying only on their own

resources, which leads to a series of challenges for firms to

implement green innovation strategies (Huang and Li, 2017).

Therefore, enterprises need to seek collaboration with supply

chain partners to obtain richer innovative resources (Birasnav

and Bienstock, 2019). In recent years, GSCI has become one of

the main ways for enterprises to acquire resources effectively.

However, the research on the relationship between GSCI and

green innovation performance in the existing literature has not

received sufficient attention. Therefore, combiningNRBV andDCT,

based on the theoretical logic of “resources-capabilities-

performance”, this study examines the relationship between GSCI

and green innovation performance and its intrinsic mechanism.

Through the empirical research on the survey data of 405 Chinese

manufacturing enterprises, this study finds that all three dimensions

of GSCI, namely, green internal integration, green supplier

integration, and green customer integration, have positive effects

on supply chain agility. Supply chain agility can significantly

improve corporate green product and process innovation. In

addition, supply chain agility plays a partially mediating role in

the relationship between all three dimensions of GSCI and corporate

green product and process innovation. In summary, this paper

shows that enterprises should actively implement GSCI to improve

supply chain agility, thereby improving their green innovation

performance.

6.1 Theoretical contributions

The research of this study is helpful to deeply understand the

relationship between GSCI and firms’ green innovation

performance and its intrinsic mechanism, thus making the

following theoretical contribution to existing research. Firstly,

this study examines the impact of GSCI on supply chain agility

and corporate green innovation performance, thus enriching and

expanding theoretical research in the field of GSCI. In recent

years, the importance of GSCI has been gradually recognized,

and related research has made some progress. However, in

general, the existing studies are limited in their testing of the

effect of GSCI. Most scholars focus on the impact of GSCI on

corporate financial performance (Zhang et al., 2020) or

environmental performance (Ji et al., 2020), while the impact

of GSCI on green innovation performance has not been clearly

explained and tested. Therefore, this study explores the effect

of GSCI on supply chain agility and two types of green

innovation performance (i.e., green product innovation and

green process innovation) through empirical research, thus

expanding the scope of the effect of GSCI and enriching its

research framework.

Secondly, this study explores the driving factors of corporate

green innovation from the perspective of resources and

capabilities, which enriches the antecedents of green

innovation. Green innovation is regarded as an important way

for enterprises to achieve sustainable development (Long et al.,

2017), and it is especially important to clarify how to improve

corporate green innovation performance in the context of the

“double carbon”. Previous studies mainly focused on the impact

of external factors on green innovation, such as stakeholder

pressure (Nguyen and Adomako, 2022) and institutional

factors (Zhang et al., 2022), but lacked a discussion on the

antecedents of green innovation performance in the context of

the supply chain. This study innovatively explores their influence

on green innovation performance from the perspective of GSCI

and supply chain agility, thus enriching the research on the

promotion path of firms’ green innovation performance in the

context of “double carbon” and providing new ideas and

perspectives for theoretical research in the field of green

innovation.

Thirdly, this study verifies the mediating role of supply chain

agility on the relationship between GSCI and firms’ green

innovation performance, thus revealing the pathway through

which GSCI influences firms’ green innovation performance.

Existing research lacks a discussion of the internal mechanism

between GSCI and corporate green innovation performance,

which prevents a clear understanding of the specific process

by which GSCI affects green innovation performance. Based on

the theoretical logic of “resource-capability-performance”, this

study integrates GSCI, supply chain agility, and corporate green

innovation performance into the same framework and explores

the mediating role of supply chain agility between GSCI and

green innovation performance, thus opening the “black box” of

the relationship between them from the perspective of dynamic

capability, providing a micro knowledge base for the theoretical

study of how GSCI can transform into corporate green

innovation performance. Meanwhile, it also deepens the
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theoretical understanding of the realization path to improve

corporate green innovation performance.

6.2 Management insights

The findings of this study have important management

insights for corporate green innovation practices and

government policy formulation. Firstly, in the context of a

low-carbon economy, GSCI provides an effective path for

manufacturing enterprises to improve their green

innovation performance. Therefore, enterprises need to

cooperate deeply with their supply chain partners and

establish a long-term relationship of information

communication and resource sharing, thereby effectively

improving their green innovation performance. On the one

hand, enterprise managers should attach great importance to

the role of GSCI, actively establish network connections with

supply chain members, and integrate green concepts into

every link of the supply chain, thereby continuously

promoting the implementation of the GSCI strategy.

Meanwhile, enterprises should enrich diversified

participation channels so that they can integrate into more

green supply chain network ecosystems, thus expanding the

breadth and depth of GSCI and increasing the opportunities

and channels to acquire diversified resources. On the other

hand, enterprises should continuously improve their green

supply chain management capabilities and create a good

cooperation environment for supply chain members

through effective communication and coordination to

strengthen the cooperation among supply chain members

and improve the quality of integration, thereby bringing

into play the maximum effectiveness of GSCI and paving

the way for their green innovation. Secondly, enterprise

managers should fully recognize the important role of

supply chain agility in the relationship between GSCI and

green innovation performance. Therefore, in the process of

GSCI, enterprises should incorporate supply chain agility into

their long-term strategic planning and pay attention to the

construction and improvement of supply chain agility.

Specifically, enterprises should actively establish close

network relationships with supply chain members to obtain

more complementary resources. In addition, enterprises

should further strengthen their information system

construction and enhance information processing capability

to guarantee the rapid and accurate flow of information within

the organization to maximize supply chain agility, thereby

giving full play to the role of GSCI and achieving the

continuous improvement of green innovation performance.

Finally, as an important regulator, the government should give

full play to its guiding and coordinating role in GSCI. On the

one hand, the government should strengthen contact with

enterprise managers, make them establish good green values,

and enhance their sense of environmental responsibility

through various training methods, such as environmental

education, technical exchange, and entrepreneurial forum,

thereby effectively increasing the willingness of enterprises

to implement GSCI. On the other hand, the government

should establish a sharing platform and introduce

encouraging policies to provide policy guidance and

financial support for the formation of green supply chain

networks and the selection of corporate partners, thus further

improving the level of enterprises’ implementation of GSCI,

and then helping firms’ green innovation practices.

6.3 Research limitations and future
developments

Although some research results have been achieved in

our study, there are still certain limitations which need to be

improved in future research. Firstly, all data in this study

were obtained through questionnaires. Although some

methods were used to avoid common method variance,

and the statistical test shows that they were within

acceptable limits, future studies still need to further test

the research through multiple sources of data to increase the

robustness of the findings. Secondly, this study uses static

cross-sectional data, which cannot clearly reflect the

dynamic impact of GSCI on corporate green innovation

performance. Future research can explore the dynamic

changes in the relationship between GSCI and corporate

green innovation performance through longitudinal or

experimental research. Thirdly, this study focuses on the

relationship and intrinsic mechanism between GSCI and

corporate green innovation performance, ignoring the

contextual factors that may affect this relationship. Future

research can actively explore the boundary conditions of the

relationship between GSCI and corporate green innovation

performance, thereby further deepening the existing

research. Finally, this study only investigates the data of

Chinese manufacturing enterprises. Due to China’s special

cultural and economic backgrounds, this may lead to the fact

that our findings may not be applicable to other countries.

Therefore, future research can use more cross-country

sample data to investigate the relationship and underlying

mechanism between GSCI and corporate green innovation

performance and compare whether the differences between

different countries affect the relationship to obtain richer

research findings.
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