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ABSTRACT

Aiming to investigate the mediating effect of green dynamic capability on external green pressure and green
innovation, as well as the moderating effect of executive environmental attention on external green pressure and green
dynamic capability, this study preferred a theory model with five hypotheses. A valid sample of 357 interviewees was
investigated to test the proposed hypotheses, and structural equation modeling was utilized. In addition, external green
pressures mostly have a significant impact on green innovation, the green dynamic capability as a mediator. Also,
executive environmental attention moderates the relationship between external green pressure and green dynamic
capabilities. The results offer unique contributions to the literature and some suggestions for practicing in
manufacturing enterprises.
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1. Introduction

Nowadays, firms have been increasingly scrutinized for wrongdoing, particularly concerning the
environment (such as the release of toxic materials and emissions that augment global warming).
Governments introduce policies that place a cost on emissions, and consumers consider a company’s
environmental philosophy when purchasing products and services!!l. One possible response to these
mounting pressures is environmental innovation.

Since the reform and opening up, China’s economy has developed rapidly. However, at the same time, it
is accompanied by the abuse of natural resources and the rampant ecological and environmental problems,
which have brought great pressure and challenges to the sustainable development of human society. In recent
years, the traditional development model of over-reliance on resource and energy consumption and
ecological environmental debt has been highly concerned by the relevant developments of the Chinese
government and the public due to reasons such as large resource consumption, serious environmental
pollution and industrial structure imbalance, and China’s overall economic development has gradually
shifted from high-speed growth to the stage of green, high-quality and sustainable development in the new
era. With the increasingly strong call for environmental protection in all walks of life, manufacturing and
other energy-consuming enterprises and major polluters have become the focus of public attention, and
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changing the development model and achieving green innovation has become an urgent need for China’s
manufacturing industry.

With the increasing attention of the international community to the environmental benefits, enterprises
began to pursue green, sustainable innovation. Klemmer defines this kind of green sustainable innovation as
environmental innovation and suggests that the purpose of environmental innovation is to reduce
environmental burden and achieve ecological sustainable development!?). In essence, it is the application or
introduction of new ideas, new behaviors, new products, and new processes in the process of business
development. Kemp then proposed that systematic organizational innovation and management innovation are
also important measures for enterprises to achieve ecologically sustainable development!®. Hellstrom put
forward the concept of sustainable innovation, which includes innovations that are conducive to improving
human life, such as those in the aspects of safety and quality of life[*. In a word, green innovation
emphasizes the specific innovation behavior of products and technology carried out by enterprises to protect
the environment. Green innovation in this study includes green product innovation and green process
innovation.

In this paper, we aim to investigate the mediating effect of green dynamic capability on external green
pressure and green innovation. The moderating effect of executive environmental attention on external green
pressure and green dynamic capability is also discussed. We predict the following opinions by consolidating
hypotheses in this paper: faced with external green pressure, the manufacturing firm can turn this pressure
into improving green dynamic capability so as to bring about green innovation actions, including green
product innovation and green process innovation.

2. Literature review and hypotheses development

2.1. External green pressure and green innovation

Existing studies have shown that external green pressures, such as stakeholders, have always been the
key drivers of enterprises’ efforts to achieve corporate social responsibility and sustainable green
development, such as green marketing, green supply chain management, green product innovation, and green
human resource management. Based on the Stakeholder theory, governments, suppliers, customers, society,
and non-governmental organizations may drive pressure on firms. It is proposed that external pressure, such
as stakeholder pressure is positively correlated with green innovationl!.

The pressure of coercive environmental regulation makes enterprises choose green innovation strategies or
activities. The government guides the production and operation behavior of enterprises by formulating
environmental planning and environmental impact assessment, forcing enterprises to incorporate environmental
factors in their strategic planning and design. By limiting production technology standards, pollutant discharge,
and other constraints on enterprise behavior, enterprises have to make strategic adjustments to meet the
mandatory requirements of the regulation. The government exercises the power of punishment through the
implementation of environmental protection laws and regulations, increasing the cost of environmental default
of enterprises!®. Incentivized environmental regulatory pressure mainly includes government policies such as
tax incentives, financial subsidies, and preferential procurement to compensate for the cost increase caused by
green innovation partially and to induce enterprises to adopt green innovation strategies with its potential
advantages, especially in the horizontal flow of green innovation technology, knowledge and other resources in
the industry to reduce the uncertainty of green innovation.

Berrone et al. pointed out that the harsher the government’s environmental regulations, the more
inclined enterprises are to adopt green innovation strategies!®. Heavy polluting enterprises are especially
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inclined to increase R&D investment, upgrade production technology, and carry out green innovation
activities to reduce environmental pollution. Strict environmental control is the most basic reason for
enterprises to participate in environmental activities voluntarily, and it is also the primary driving force to
encourage enterprises to develop environmental strategies. Government departments’ investigation and
punishment of environmental pollution behaviors of enterprises directly affect the level of environmental
governance of enterprises!’”). Accordingly, the study develops the following hypotheses:

Hla. Coercive environmental regulatory pressure has a significant impact on green product innovation.
H1b. Coercive environmental regulatory pressure has a significant impact on green process innovation.

From the perspective of different types of environmental regulation policies, coercive environmental
regulation uses the government’s coercive force to manage and adjust market behavior, forcing enterprises to
adopt green innovation. Market incentive environmental regulation guides enterprises to carry out green
innovation with its potential advantages. Compared with the mandatory order, the market incentive
environmental regulation guides market behavior through the market mechanism and economic incentives
and ensures fair competition and operation of the market through the government’s supervision and
intervention. Incentives such as tax incentives and subsidies will reduce the R&D and other input costs of
enterprises in green innovation to a certain extent and increase the rate of return. Therefore, enterprises will
be more proactive and have a more significant impact on green innovation!®,

Hlc. Incentivized environmental regulatory pressure has a significant impact on green product innovation.
H1d. Incentivized environmental regulatory pressure has a significant impact on green process innovation.

Market competition pressure, named imitative pressurel®, firstly by Galaskiewicz and Wasserman, is the
pressure exerted by competitors on the target company, which comes from the perception of the company’s
social network and the behavior of its competitors in the industry. When competitors adopt green innovation
strategies to develop green products, expand green markets, attract more customers, gain competitive
advantages, and make profits, the impact on enterprises will prompt them to imitate their competitors’
business strategies and enter the market first so as to avoid the loss of legitimacy and competitive
advantage!!’l. According to the research of Zhu and Geng, market competition pressure is an important
driving force for domestic manufacturing enterprises to achieve energy conservation and emission
reduction!'!, By quickly capturing the green innovation strategy behaviors of competitors in developing
environmentally friendly products and adopting environmental protection technologies, enterprises can
obtain competitive advantages by adopting the same green innovation behaviors. Therefore, when more and
more enterprises in the industry adopt positive green behaviors, the likelihood of enterprises choosing green
innovation strategies will increase. Therefore, the following hypothesis is proposed:

Hle. Market competition pressure has a significant impact on green product innovation.
HI1f. Market competition pressure has a significant impact on green process innovation.

The pressure of social norms mainly comes from non-governmental organizations, suppliers, the public,
and social media. With the improvement of people’s living standards and education level, environmental
awareness is also improving, and consumers and enterprises tend to choose green innovation practices. In
addition, social media convey social expectations for enterprises to carry out green innovation activities and
fulfill social responsibilities through the Internet, TV, we-media, and other forms. Such attention and
supervision of environmental protection from the media will also increase the normative pressure faced by
enterprises, prompting enterprises to choose green innovation. Specifically, with the increasing social attention
to environmental issues, consumers are increasingly aware of green environmental protection. Hence, they are
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more inclined to choose environmentally friendly and green products, and enterprises are more inclined to meet
the needs of consumers and launch products and services that meet environmental protection standards in order
to obtain market share and enhance brand image. Consumers can make consumption decisions based on in-
depth knowledge of corporate environmental performance, such as media reports. As the fourth right in society
independent of legislation, administration, and judiciary, news media plays an important role in information
transmission, which can not only help enterprises understand the demands of stakeholders and the new trends
of social technology so as to directly or indirectly affect the green strategy and green behavior of enterprises.
The influence of media attention on enterprises’ green innovation mainly includes “supervision and governance”
and “market pressure”'?l. When enterprises perceive social pressure, corporate decision-makers consider

environmental issues in consideration of corporate image and reputation'3! and choose green innovation

strategies!'¥l. They are more inclined to design new products, develop new technologies, and use new energy.

Therefore, the following hypothesis is proposed:
Hlg. Social norms pressure has a significant impact on green product innovation.
H1h. Social norms pressure has a significant impact on green process innovation.

2.2. External green pressure and green dynamic capability

Dynamic capability theory (DCT), as a new research field, has attracted more and more attention in
recent years. Based on DCT, dynamic capability refers to a firm’s ability to identify, respond to, and
implement action plans for change needs or opportunities!!®). Zahra et al. (2006) defined dynamic capability
as the process of reconfiguring a company’s resources and operational routines in a way that is envisioned
and deemed appropriate by key decision-makers!'®. According to the definition of green dynamic capability
and the understanding of its connotation, scholars’ definition of green dynamic capability basically maintains
the following points: recognizing and perceiving changes in the external environment, reconfiguring various
resources, and dynamic adaptation and coordination ability. Therefore, this study uses three aspects to define
green dynamic capability, namely, organizational green strategy capability, research green innovation
capability, and organizational green management capability.

Dynamic capability theory holds that companies are able to respond quickly and effectively to new
challenges and opportunities through development, thereby achieving long-term competitive advantage. It is
an organizational ability to perceive the external environment, seize business opportunities, and restructure
corporate assetst!’l. It is considered an effective means to solve the turbulent environment and external
pressure and can help managers expand, modify, and reconfigure existing resources. Green dynamic
capability can improve the agility, effectiveness, and efficiency of enterprises in responding to environmental

18-19

changes!!®1%1 to develop and take action on more effective corporate innovation strategies.

Stakeholders are the main source of external green pressure on enterprises and will influence the
environmental behavior of enterprises through various channels™). Therefore, it is necessary to define both
stakeholder and external green pressure simultaneously. As for stakeholders, it was first proposed and defined by
Stanford University (1963), which took into account managers, employees, and customers and broke the concept
of “shareholder first” at that time. In his book Strategic Management: A Stakeholder-Starting Approach, Freeman
(1984) defined stakeholders as “all individuals and groups that can influence the achievement of an organization’s
objectives or are affected by the process by which an organization realizes its objectives™?!,

Most scholars believe that in order to obtain economic benefits and promote the development of a
company, the support or participation of various stakeholders is essential. If enterprises want to maximize
their overall interests, they cannot focus on the interests of certain subjects. Among them, these stakeholders
include not only corporate shareholders, employees, creditors, customers, and other trading partners but also
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the government, media, and other subjects, and even the natural environment, various non-human organisms,
and other objects!??l. According to different scholars’ classifications of stakeholders and related studies(?!-23],
different stakeholders have different influences and driving effects on green innovation strategy. External
green pressures from stakeholders are generally considered to contain environmental regulatory pressure,
social regulation pressure, and market competition pressure, which are related to green innovation.

The regulatory pressure mainly comes from environmental regulation, which is the main driving force of
enterprises’ green innovation. It can be divided into mandatory environmental regulation and market incentive
environmental regulation. Mandatory orders mainly include environmental planning, environmental impact
assessment, production technology standards, pollutant emission constraints, and environmental penalties,
which mainly restrict enterprise behavior, increase the cost of environmental violations, and induce enterprises
that want to avoid environmental penalties to take the initiative to carry out green innovation*, Market
incentives mainly include government tax incentives, financial subsidies, preferential procurement, and other
policies, which make up for the costs caused by enterprises adopting green innovation or guide the horizontal
flow of green innovation knowledge and technology and other resources in the industry so as to reduce
uncertainty factors for green innovation strategy. In addition, from the perspective of environmental policy tool
combination, the optimal environmental policy should be reasonably designed, regulatory flexibility should be
increased, and enterprises should be encouraged to carry out ecological innovation to achieve a win-win
situation between environmental performance and economic performancel?>!,

Environmental regulatory pressure can be divided into coercive environmental regulatory pressure and
incentivized environmental regulatory pressure. Companies should develop green dynamic capabilities to
address environmental and social issues, reducing risks and penalties such as investor withdrawal of funds or
non-compliance and legal incidents arising from business operations. Enterprises should redeploy resources
and capabilities to develop green dynamic capabilities in the face of green pressure so as to fully and
effectively perceive the green pressure brought by environmental regulation, market competition, and the
public so as to maintain and improve their position and advantages in the dynamic market. According, the
following hypothesis is proposed:

H2a. Coercive environmental regulatory pressure has a significant impact on green dynamic capability.
H2b. Incentivized environmental regulatory pressure has a significant impact on green dynamic capability.

The green pressure from competitors urges enterprises to continuously pay dynamic attention to the
strategic activities of competitors in order to take timely countermeasures!?®l. Similarly, green pressure from
customers can force firms to identify, manage, and resolve customer claims in a timely manner™ in order to
increase market share, retain existing customers and attract new ones!?”. Simply put, enterprises need to face
competitive pressures from the market and actively develop green dynamic capabilities that enable them to
reintegrate, build, and deploy resources to navigate the complex and even conflicting needs of various
stakeholders, address uncertainty, and reduce market risk. Therefore, enterprises need to focus on the
participation of relevant market competitors by utilizing dynamic capabilities in a way that promotes
cooperation and environmental learning. The greater the competitive pressure in the market, the more green
dynamic capabilities can be stimulated. Therefore, it is expected that market competition pressure will
encourage enterprises to develop and improve green dynamic capabilities to meet the challenges of
environmental protection. Market pressure is an important resource for enterprises to obtain market
information and gain competitive advantages!?®l. Thus, the following hypothesis is proposed:

H2c. Market competition pressure has a significant impact on green dynamic capability.
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Generally, environmental standards and norms from actors around firms can influence their
environmental responses!?’l. In response to environmental factors, enterprises tend to acquire and develop
resources that can improve their green innovation performancel*”. The research shows that environmental
NGOs and the public exert pressure on enterprises mainly through environmental litigation and public
confrontation, thus affecting corporate reputation. At the same time, the media mainly influences the
strategic decisions of enterprises by asking them to disclose environmental information. Companies must
build their reputation and maintain legitimacy through information transparency and communication and
invite external stakeholders for review!!l. In order to cope with the green pressure, enterprises should
redeploy resources and capabilities, develop green dynamic capabilities so as to fully and effectively
perceive the green pressure brought by non-governmental and media, and maintain and improve their status
and advantages in the dynamic competitive market. Thus, the following hypothesis is proposed:

H2d. Social norms pressure has a significant impact on green dynamic capability.

2.3. Green dynamic capability and green innovation

Green dynamic capability can improve the agility, effectiveness, and efficiency of enterprises in

18-91to develop and take action on more effective corporate innovation

responding to environmental changes!
strategies. The green dynamic capability of an enterprise is multifaceted, including but not limited to sensing,
grasping, and transforming to design and implement a business model. This capability comes from the
continuous development and accumulation of the management characteristics and corporate culture of an
enterprise, which usually cannot be easily replicated by competitorsi*!l. The improvement of green dynamic
capability enables enterprises to adjust effectively to adapt to the change of a green environment, which is
manifested in two aspects: first, enterprises reorganize existing resources to achieve the optimal allocation of
resources; The second is to enable enterprises to seize environmental opportunities and create competitive
advantages to beat competitors. The establishment of competitive advantage is positively correlated with the
innovation of products and processes. The study found that the lack of clean production technology and
measures to solve clean production will be the main obstacle to the high-quality development of enterprises.
Hence, the ability to quickly obtain external environmental information is the key to achieving high-quality

development of enterprises.

Once new market opportunities are identified, it is necessary to learn new knowledge and skills and
develop new products to cater to new market opportunities®? so as to gain competitive advantages and
improve enterprise performance. It can be said that enterprises’ innovation of green products and processes
depends on their strong green dynamic capabilities relative to competitors, including organizational green
strategy capabilities, R&D green innovation capabilities, and organizational green management capabilities
I3, which can enable enterprises to coordinate resources better. Enterprises’ green dynamic capabilities
enhance their green innovation efforts by promoting green management practices, green strategic goals, and
green research and development!*3l. To sum up, the current academic research on the relationship between
green dynamic capability and enterprise green innovation has confirmed the positive effect of green dynamic
capability on enterprise green innovation. According to this, the following new hypothesis is developed:

H3a. Green dynamic capability has a significant impact on green product innovation.
H3b. Green dynamic capability has a significant impact on green process innovation.

2.4. The mediating role of green dynamic capability

The improvement of green dynamic capability enables enterprises to adjust effectively to adapt to the
change of a green environment, which is manifested in two aspects: first, enterprises reorganize existing
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resources to achieve the optimal allocation of resources; The second is to enable enterprises to seize
environmental opportunities and create competitive advantages to beat competitors™#. The establishment of
competitive advantage is positively correlated with the innovation of products and processes.

As for how external pressure affects enterprise green innovation, most existing studies are based on the
logic of “pressure - internal factor - behavior”®3). Green dynamic capability includes the ability to perceive
and learn external green opportunities, which helps enterprises make full use of and grasp market
competition opportunities and allocate existing resources to develop new products. Once new opportunities
are identified, it is necessary to learn new knowledge and skills and develop new products to cater to new
market opportunities®?! in order to gain competitive advantages. In investigating Chinese manufacturing
enterprises, coercive environmental regulatory pressure, and incentivized environmental regulatory pressure
affect the green innovation behavior of enterprises by affecting their external knowledge reception. In
summary, green dynamic capabilities play an important role in environmental regulatory pressure and green
innovation. Accordingly, the study develops the following hypotheses:

H4a: Green dynamic capability mediates the relationship between coercive environmental regulatory
pressure and green product innovation.

H4b: Green dynamic capability mediates the relationship between coercive environmental regulatory
pressure and green process innovation.

H4c: Green dynamic capability mediates the relationship between incentivized environmental regulatory
pressure and green product innovation.

H4d: Green dynamic capability mediates the relationship between incentivized environmental
regulatory pressure and green process innovation.

Green dynamic capability is an organizational ability to perceive the external environmental, seize
business opportunities, and restructure corporate assets!!’l. It is considered an effective means to solve the
turbulent environment and external pressure and can help managers expand, modify, and reconfigure existing
resources. Green pressure from customers forces companies to identify, manage, and resolve customer
claims in a timely manner® in order to increase market share and attract and retain new customers?®l. In
order to effectively respond to external green pressure from the market, customers, and suppliers, enterprises
will actively develop green dynamic capabilities to respond to market uncertainties and reduce risks*®l.

Therefore, the following hypotheses are proposed:

H4e: Green dynamic capability mediates the relationship between market competition pressure and
green product innovation.

H4f: Green dynamic capability mediates the relationship between market competition pressure and
green process innovation.

With the increasing prioritization of stakeholder and social responsibility in corporate management
practices®’l, external green pressure can strengthen corporate support for environmental initiatives and
corporate environmental commitments!?638], promoting enterprises to explore green learning**-4% so as to
realize corporate green innovation!*!*?1. Therefore, enterprises should make use of their green dynamic
capabilities to meet the green pressure from the government, customers, workers, society, and other
stakeholders. These pressures can have a positive impact on a firm’s green dynamic capabilities’®*-41 to
encourage companies to proactively develop and renew resources and capabilities and adopt green strategic
behaviors. According, the following hypotheses are developed:
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H4g: Green dynamic capability mediates the relationship between social norms pressure and green
product innovation.

H4h: Green dynamic capability mediates the relationship between social norms pressure and green
process innovation.

2.5. The moderating effect of executive environmental attention

According to the Upper Echelons Theory, as a part of human resources, executives play a key role in the
strategic decision-making of enterprise*). They are also “heterogeneous resources™ that are not easy to be
imitated and replaced by enterprises. As a unique resource of enterprises, heterogeneous resources are a
major prerequisite for the strategic choice of enterprises“?l. The background characteristics, values, attitudes,
and thinking patterns of corporate executives have an important impact on corporate behavior, decision-
making, and economic benefits. They are also key factors in explaining the different ways that enterprises
respond to external pressures under the same environment. As executives differ in their recognition and
interpretation of opportunities and challenges of the external environment, their attitudes and tendency
toward environmental protection issues greatly affect the results of enterprises’ green innovation strategic
decisions!*”), When managers make decisions in the face of complex internal and external environments, the
decision-making process is not completely rational™]. Due to the limitation of cognitive level and the
influence of values, the personal characteristics of senior executives, such as educational background, age,
and years of employment, have a great impact on the strategic decision-making process of enterprises. In the
face of highly uncertain green behaviors, executives should not only rely on subjective thoughts to make
judgments but should make a comprehensive evaluation of the future development trend based on objective
facts, quickly grasp the nature of corporate green innovation, and actively promote corporate green
innovation[*>-%, The green innovation activities of enterprises also depend, to a large extent, on the attention,
cognition, and judgment of senior executives on this issue.

Accordingly, the study develops the following hypotheses:

H5a. Executive environmental attention positively moderates the relationship between coercive
environmental regulatory pressure and green dynamic capability.

H5b. Executive environmental attention positively moderates the relationship between incentivized
environmental regulatory pressure and green dynamic capability.

Executives’ environmental attention can influence corporate strategic choices and actions, and managers
with high environmental attention devote more time and resources to environmental issues than those with
low environmental attention'l. Human capital is close to technological innovation, which directly affects the
simulation and absorption of advanced technology, self-breakthrough, and improvement of technology!>?..
Under the pressure of the market, executives and enterprises will take the initiative to comply with the trend
of green development and put environmental protection in a strategically important position. Managers with
a high awareness of environmental risks can be aware of environmental pressure from laws and regulations,
stakeholders, and the public to a large extent, seize green opportunities in the market, avoid negative public
attention, and reduce the impact of enterprises on the environment in the process of operation 531,

Based on the above, the following hypothesis is proposed:

H5c. Executive environmental attention positively moderates the relationship between market
competition pressure and green dynamic capability.

The media’s negative reports on environmental pollution and excessive emissions of enterprises will
damage the reputation of enterprises and cause enterprises to lose their competitive advantages in the market.
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Therefore, media attention plays an important supervisory role as an external green supervision force, and
the level of executives’ attention to environmental issues will regulate the level of dynamic capability
improvement of enterprises. The stronger the executives’ environmental attention, the more inclined they are
to identify the potential benefits and external market opportunities of green innovation®*33] the more
enterprises have a sense of responsibility and mission to carry out green innovation and are optimistic about
environmental pollution, the more inclined they are to allocate internal resources more reasonably and
incorporate green innovation into the strategic height!>,

Similarly, the stronger the environmental awareness and the higher the cognitive level of environmental
protection, the easier it is to tap the green pressure revealed by social media, and the more inclined it is to
introduce new green knowledge into the enterprise and integrate it to improve the dynamic ability of green
innovation, so as to promote the green innovation behavior of the enterprise. Executives who hold a positive
attitude toward environmental protection will positively affect the role of social normative pressure on the
dynamic ability of green and promote the integration of green resources and the improvement of capacity.
When managers treat the environment as a priority, they tend to prioritize finding and solving environmental
problems!*®! and guide the enterprise to seize green opportunities®’], which increases the enterprise’s green
dynamic ability. In this regard, the following hypothesis is proposed:

H5d. Executive environmental attention positively moderates the relationship between social norms
pressure and green dynamic capability.

According to the above hypotheses, Figure 1 is illustrated below:

Executive
environmental
attention DN

Green dynamic
capability

—— == = = —1 ARW

Coercive environmental O
regulatory pressure 4

—_—— ——

Incentivized environmental Green product
regulatory pressure innovation

Market competition pressure

Green process
innovation

I Social norms pressure

—_— — — — — — = —_——— — ]

Figure 1. Conceptual work of various hypotheses in this study.

3. Research design

3.1. Research method and data collection

A questionnaire method is adopted in this study to verify the research hypotheses. The target population
of this study was Chinese middle-senior managers or above in manufacturing companies. A sample size of
357, derived from the distribution of 388 questionnaires with a response rate of 92.01%, was considered
sufficient for this study, confirming the validity of the subsequent investigation.
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The variable measurement items in the questionnaire are all from domestic and foreign maturity scales
and have been applied more. For the English scale, multiple methods such as back translation, proofreading
by professional translation members, and trial work are adopted to ensure the expression of the items without
ambiguity and semantic deviation. When designing the questionnaire, four senior managers from the
enterprise were invited to conduct in-depth interviews, and the design and expression of the questionnaire
were revised to avoid misunderstanding. Likert 7-level scale was used to improve the accuracy of data results,
ranging from “1” (completely inconsistent) to “7” (fully consistent). Comprehensive details regarding the
questionnaire used to measure all variables are provided in Supplementary Material 1. Table 1.

3.2. Common method bias

In order to avoid the common methodological bias that may occur when the questionnaire is measured from
the same subjects, this study adopts statistical and procedural measures. First, when the questionnaire is designed,
the subjects are informed that the survey data are only used for research purposes, and all the questionnaire data
are anonymous and guaranteed not to be used for other purposes. Second, the Harman method is used for factor
analysis. The results show that the contribution rate of the maximum feature root factor variance of unrotated
extraction is 32.933%, which is less than the critical value of 40% and less than half of the total explanatory
amount (71.293%). Therefore, there is no serious common method bias problem in this study.

3.3. Data analysis method

Structural equation modeling (SEM) with AMOS26.0 and SPSS 27.0 was used to test the hypothesized
model. First, the measurement model was confirmed using confirmatory factor analysis (CFA), and then
SEM analysis was performed to measure the fit and path coefficients of the hypothesized model. The chi-
square ( 2) value, degrees of freedom (df), value of 2/df, the goodness of fit index (GFI), adjusted goodness
of fit index (AGFI), comparative fit index (CFI), and root mean square error of approximation (RMSEA)
were adopted to estimate model fit.

4. Summary of findings

4.1. Descriptive statistics analysis

This study used valid results from 357 respondents. Tables 1 and 2 show the demographic
characteristics of respondents and the firms’ basic information. The respondents, in particular, had roughly a
50/50 split between males (51.8%) and females (48.2%). Besides that, 52.4% of the overall respondents were
between 26 and 35 years old, and then the age groups of 36-45 years old (26.0%), 46-55 years old (14.6%),
18-25 years old (4.7%) and 56-65 years old (2.0%). The remaining 0.3% of the total respondents were over
65 years old. For education, 76.2% of the respondents had bachelor’s degrees or equivalent, followed by
postgraduate degrees (12.3%), diploma/advanced diploma (7.3%), no high school diploma (2.2%), and
doctoral candidate (2.0%). For occupation time, 40.3% of the total respondents were 6-10 years, followed by
1-5 years (29.4%), 11-15 years (14.3%), more than 20 years (8.1%), 16-20 years (7.0%), and not more than
one year (0.8%). For companies, 31.4% of the companies are more than 20 years, followed by 13-20 years
(29.3%), 10-12 years (20.8%), 7-9 years (8.1%), and 1-3 years (1.4%), none is less than one year. 37.3% of
the companies are located in East China, followed by South China (19.6%), North China (14.6%), Central
China (10.9%), Southwest China (8.7%), Northwest China (5.3%), and Northeast China (3.6%). For
enterprise-scale, four categories included micro-enterprises (5.9%), small-scale (34.7%), middle-scale
(41.2%), and large-scale (18.2%). The type of industries included computers, communications, and others
(27.7%) the most, followed by metalwork (14.6%), clothing and textiles (11.8%), and others.
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Table 1. Demographic characteristics of respondents.

N % N %

Gender Age Group
Male 185 51.8 18-25 years 17 4.7
Female 172 48.2 26-35 years 187 52.4
Total 357 100.0 3645 years 93 26.0

46-55 years 52 14.6
Education 56-65 years 7 2.0
No High School Diploma 8 2.2 More than 65 years 1 0.3
Diploma/Advanced Diploma 26 7.3 Total 357 100.0
Bachelor’s degree or equivalent 272 76.2
Post Graduate degree 44 12.3 Occupation Time
Doctoral candidate 7 2.0 Not more than one year 3 0.8
Total 357 100.0 1-5 years 105 29.4

6-10 years 144 40.3
Occupation 11-15 years 51 14.3
Executive Director/CEO 8 2.2 16-20 years 25 7.0
Administrative or senior management 92 25.8 More than 20 years 29 8.1
Middle management 257 72.0 Total 357 100.0
Total 357 100.0

Table 2. Basic information of firms.

N % N %

Enterprise Age Enterprise Scale

Less than one year 0 0.0 Micro-enterprises 21 5.9

1-3 years 5 1.4 Small-scale 124 347

4-6 years 29 8.1 Middle-scale 147 41.2

7-9 years 33 9.2 Large-scale 65 18.2

10-12 years 74 20.8 Total 357 100.0

13-20 years 104 293

More than 20 years 112 314 Nature of Enterprises

Total 357 100.0 China local company 323 90.5

China multinational company 26 7.3

Type of industries Foreign company 8 2.2
Clothing and textiles 42 11.8 Total 357 100.0
Petroleum, chemicals, and plastics 24 6.7
Computers, communications, and others 99 27.7 Location
Foodstuff 25 7.0 Northeast China 13 3.6
Metalwork 52 14.6 North China 52 14.6
Wood, leather, and paper 5 1.4 East China 133 373
Medicine 22 6.2 Central China 39 10.9
Nonmetallic mineral 6 1.7 South China 70 19.6
Automobile 9 2.5 Northwest China 19 53
Transportation 14 3.9 Southwest China 31 8.7
Comprehensive utilization of waste 8 2.2 Others 0 0
Other manufactures 51 14.3 Total 357 100.0

Total 357 100.0

Notes: 1. Micro-enterprises: employees < 20 people, operating income < 3 million; Small-scale: 20 < employees < 300, 3 million <
business income < 20 million,; middle-scale: 300 < employees < 1000, 20 million < business income < 400 million; and large scale:
Employees >1000, business revenue > 400 million.

2. The type of industries is classified according to the national economic industry classification standard of China (GB/T4754-2017).

4.2. Reliability and validity
In order to reflect measurement model assessment, the first step is to examine the indicator loadings.
Table 3 shows that all standardized factor loadings were above 0.652, indicating that the construct explained

more than 50 percent of the indicators’ variance, so all the indicators of variables remained except GMC3.
All Cronbach’s a values of variables were greater than the 0.7 threshold®®. Suppose the latent variable
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composite reliabilities are higher than 0.8, even more than 0.9, and there is a high internal consistency of
indicators measuring each construct, thus confirming construct reliability. Convergent validity is always
evaluated by average variance extracted (AVE), which ensures that the components used to evaluate the
construct can explain the construct. AVE (> 0.6) and the composite reliability (>0.7) show that the variance
captured by each latent variable is significantly larger than the variance because of the existence of
measurement error. From the result of reliability and validity, Table 3 shows that all Cronbach’s  here are
above 0.8, and AVEs are all above 0.593. Consequently, the conclusion can be drawn that all the constructs
showed evidence for acceptable reliability and validity. Discriminant validity was demonstrated by showing
that the average shared variance of any construct and its indicators is greater than any of the shared variance
with other constructs!®]. Table 4 lists below demonstrates this fact since the values on the diagonal are
greater than any value in their corresponding rows and columns, which are the square roots of AVEs.

Table 3. Reliability and validity.

Standardized

Construct Cronbach’s Variables SE. CR (t-value) factor loadings AVE CR
CERP 0.897 CERP1 - - 0.817 0.686 0.897
CERP2 0.057 16.799(***) 0.802
CERP3 0.054 17.932(**%*) 0.844
CERP4 0.057 18.074(***) 0.850
IERP 0.825 IERPI - - 0.794 0.612 0.825
IERP2 0.072 13.023(***) 0.761
IERP3 0.076 13.190(***) 0.791
MCP 0.851 MCPI - - 0.652 0.599 0.854
MCP2 0.110 13.506(***) 0.928
MCP3 0.098 11.501(***) 0.701
MCP4 0.099 12.617(***) 0.786
SNP 0.903 SNP1 - - 0.729 0.615 0.905
SNP2 0.072 13.639(***) 0.739
SNP3 0.074 13.905(***) 0.753
SNP4 0.071 14.706(***) 0.794
SNP5 0.071 16.483(***) 0.891
SNP6 0.064 14.615(***) 0.790
OGSC 0.899 OGSC1 - - 0.801 0.691 0.899
0GSC2 0.058 18.135(***) 0.869
OGSC3 0.058 17.032(**%*) 0.824
OGSC4 0.059 17.141(***) 0.828
DGIC 0.821 DGIC1 - - 0.672 0.605 0.821
DGIC2 0.144 8.711(**%) 0.905
DGIC3 0.134 8.948(***) 0.830
GMC 0.813 GMC1 - - 0.750 0.593 0.813
GMC2 0.082 12.227(**%*) 0.751
GMC4 0.087 12.363(***) 0.807
GPDI 0.863 GDPI1 - - 0.805 0.618 0.866
GDPI2 0.063 16.778(***) 0.858
GDPI3 0.070 13.685(***) 0.706
GDPI4 0.062 15.084(***) 0.768
GPCI 0.898 GPCI1 - - 0.859 0.642 0.899
GPCI2 0.048 17.579(**%*) 0.785
GPCI3 0.049 16.597(***) 0.755
GPCI4 0.053 15.950(**%*) 0.735
GPCI5 0.047 20.303(***) 0.864
EEA 0914 EEALI - - 0.820 0.682 0914
EEA2 0.058 17.191(***) 0.789
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Construct Cronbach’s Variables SE. CR (t-value) Standardl.zed AVE CR
factor loadings
EEA3 0.054 21.637(***) 0.927
EEA4 0.060 15.707(***) 0.739
EEAS 0.055 18.892(***) 0.842
GDC 0.777 OGSC - - 0.672 0.653 0.848
DGIC 0.164 4.848(*F**) 0.905
GMC 0.168 5.051(**%) 0.830

Table 4. (Continued)

Note 1: Coercive Environmental Regulatory Pressure (CERP),; Incentivized Environmental Regulatory Pressure (IERP); Market
Competition Pressure (MCP); Social Norms Pressure (SNP); Organization Green Strategy Capability (OGSC); R&D Green
Innovation Capability (DGIC); Organizational Green Management Capability (GMC); Organization Green Strategy Capability
(OGSC),; Green Product Innovation (GPDI); Green Process Innovation (GPCI); Executive Environmental Attention (EEA).

Note 2: “***” yepresents p <0.001.

Table 4. Discriminant validity of the constructs.

AVE CERP IERP MCP SNP GDC GPDI GPCI EEA

CERP 0.686 0.828

IERP 0.612 0.296 0.782

MCP 0.599 0.243 0.230 0.774

SNP 0.615 0.371 0.300 0.257 0.784

GDC 0.653 0.468 0.517 0.403 0.525 0.808

GPDI 0.618 0.426 0.486 0.428 0.314 0.666 0.786

GPCI 0.642 0.512 0.500 0.292 0.591 0.742 0.514 0.801

EEA 0.682 0.212 0.115 0.103 0.273 0.345 0.179 0.218 0.826

Note: The data on the diagonal in the Table is the square root of AVE.

Table 5. Measurement model moderation index.

DF / GFI AGFI CF1 RMSEA
CERP 6.323 2 3.162 0.991 0.954 0.995 0.078
IERP - - - - - - -
MCP 6.390 2 3.195 0.991 0.954 0.993 0.079
SNP 28.537 9 3.171 0.976 0.944 0.984 0.078
OGSC 5.917 2 2.959 0.992 0.959 0.995 0.074
DGIC - - - - - - -
GMC - - - - - - -
GDC (two-order) 62.821 32 1.963 0.966 0.941 0.984 0.052
GPDI 6.134 2 3.067 0.991 0.956 0.994 0.076
GPCI 11.454 5 2.291 0.988 0.963 0.994 0.060
EEA 14.293 5 2.859 0.984 0.951 0.992 0.072
Reference value - - <3 >0.8 >0.8 >0.8 <0.08

Note: Coercive Environmental Regulatory Pressure (CERP); Incentivized Environmental Regulatory Pressure (IERP); Market
Competition Pressure (MCP); Social Norms Pressure (SNP); Organization Green Strategy Capability (OGSC); R&D Green
Innovation Capability (DGIC); Organizational Green Management Capability (GMC); Organization Green Strategy Capability
(OGSC),; Green Product Innovation (GPDI),; Green Process Innovation (GPCI); Executive Environmental Attention (EEA).

As suggested by Jackson et al. (2009), ? test, 2/df, GFI, AGFI, CFI, and RMSEA were selected to

test the fit of the modell®”. The reference criteria are as follows: the smaller the chi-square difference of
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CMIN, the better; the larger the degree of freedom, the more compact the model and the other index
references are listed in Table 5. Table 5 shows that the fitting of the structural model meets the requirements,
and it is assumed that the fitting degree of the model and the questionnaire survey data is good.

4.3. Hypothesis assessment

The theoretical model was tested using structural equation modeling techniques (SEM) by applying
AMOS 26.0. The hypothesized model provided a good fit for the data ( °=763.894, df=571, 2/df=1.338,
GFI=0.899, AGFI=0.882, CF1=0.974, RMSEA=0.031).

Table 6 illustrates the direct effect estimate for direct effects. The results show that coercive
environmental regulatory pressure has a positive effect on green product innovation ( =0.137, p<<0.05) and
green process innovation ( =0.166, p << 0.001), Hla and H1b are both supported. Also, incentivized
environmental regulatory pressure has a positive impact on green product innovation ( =0.183, p<<0.01) and
green process innovation ( =0.141, p<<0.01), so Hlc and H1d are both supported. It is also supported that
market competition pressure has a significant effect on green product innovation ( =0.183, p<<0.001), while
the relationship between market competition pressure and green process innovation is not significant.
Meanwhile, social norms pressure has a significant effect on green process innovation ( =0.251, p<<0.001),
so H1h is supported. While the relationship between social norms competition and green product innovation
is not significant (p=0.465), hypothesis Hlg is not supported. Furthermore, coercive environmental
regulatory pressure has a greater impact on firms’ green process innovation ( =0.166) than incentivized
environmental regulatory pressure does on green process innovation ( =0.141), while incentivized
environmental regulatory pressure has a greater impact on firms’ green product innovation ( =0.183) than
coercive environmental regulatory pressure does on green product innovation ( =0.137).

For the relationship between the elements of external green pressure and green dynamic capability, H2a,
H2b, H2c, and H2d are all significant, with a significance level of p << 0.001. Coercive environmental
regulatory pressure, incentivized environmental regulatory pressure, market competition pressure, and social
norms pressure all have a significant effect on green dynamic capability. The study also estimated the
relationship between green dynamic capability and green innovation (H3a for green product innovation and
H3b for green process innovation). The two hypotheses are also strongly supported with a standardized
estimate of 0.479 (»p<<0.001) and 0.469 (p<<0.001).

To explore the moderating effects of green dynamic capability, the study also explored the mediation
hypothesis analysis by bootstrapping the indirect effect in line with Preacher and Hayes (2008)1!), Using
bootstrapping procedures, this study obtained bias-corrected 95% Cls and percentile 95% Cls with randomly
selected 5000 samples for the estimated conditional effects of these relationships. The indirect effect of
coercive environmental regulatory pressure on green product innovation ( =0.103) through green dynamic
capability is significant because the confidence intervals excluded zero, and the total direct effect is also
significant, so the conclusion can be drawn that the green dynamic capability partially mediates coercive
environmental regulatory pressure and green product innovation, so H4a is supported. Also, green dynamic
capability partially mediates coercive environmental regulatory and green process innovation ( =0.103), so
H4b is also supported. Meanwhile, dynamic green capability also plays a mediating effect ( =0.101)
between incentivized environmental regulatory pressure and green product innovation, supporting H4c;
between incentivized environmental regulatory pressure and green process innovation ( =0.152), supporting
H4d; between market competition pressure and green product innovation ( =0.096), supporting H4e;
between social norms pressure and green process innovation ( =0.138), supporting H4h. However, the H4f
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and H4g hypotheses are not supported, as the total and direct effects are not significant because the
confidence intervals included zero.

Table 6. Direct effects estimate.

Path Standardized Unstandardized SE CR J Decision
Hla  CERP — GPDI 0.137 0.096 0.039 2.437 0.015 Supported
Hlb  CERP — GPCI 0.166 0.131 0.039 3.369 ok Supported
Hlc IERP — GPDI 0.183 0.131 0.044 2.954 0.003 Supported
Hld IERP — GPCI 0.141 0.114 0.043 2.627 0.009 Supported
Hle MCP — GPDI 0.183 0.168 0.050 3.368 ok Supported
H1f MCP — GPCI -0.034 -0.035 0.048 -0.731 0.465 Not Supported
Hlg SNP — GPDI -0.088 -0.067 0.044 -1.508 0.132 Not Supported
Hlh  SNP — GPCI 0.251 0.216 0.045 4.779 ok Supported
H2a  CERP — GDC 0214 0.150 0.041 3.607 ok Supported
H2b  IERP — GDC 0318 0.227 0.045 5.020 ok Supported
H2¢ MCP — GDC 0.201 0.184 0.052 3.528 ok Supported
H2d SNP — GDC 0.294 0.223 0.047 4.747 ok Supported
H3a  GDC — GPDI 0.479 0.480 0.088 5.432 ok Supported
H3b GDC — GPCI 0.469 0.530 0.089 5.984 ok Supported

Note 1: Coercive Environmental Regulatory Pressure (CERP),; Incentivized Environmental Regulatory Pressure (IERP); Market
Competition Pressure (MCP); Social Norms Pressure (SNP), Green Dynamic Capability (GDC); Green Product Innovation (GPDI);
Green Process Innovation (GPCI); Executive Environmental Attention (EEA).

Note 2: “***” yepresents p <0.001.

Table 7. The total, direct, and indirect effects of the mediation model (n=5000).

Bootstrapping
. Product of " "
Path Effects Point Coefficients Bias-Corrected Percentile
Estimate 95% CI 95% CI

SE CR Lower Upper Lower  Upper
H4a  CERP — GDC — GPDI Total 0.335 0.058 5.776 0.123 0.347 0.131 0.353
Direct 0.137 0.057 2.404 0.026 0.249 0.026 0.250
Indirect 0.103 0.036 2.861 0.042 0.184 0.040 0.181
H4b  CERP — GDC — GPCI Total 0.267 0.051 5.235 0.171 0.369 0.167 0.366
Direct 0.166 0.051 3.255 0.068 0.264 0.065 0.262
Indirect 0.101 0.033 3.061 0.046 0.177 0.043 0.171
H4c  IERP — GDC — GPDI Total 0.335 0.056 5.982 0.221 0.442 0.222 0.442
Direct 0.183 0.067 2.731 0.051 0.313 0.048 0.308
Indirect 0.152 0.042 3.619 0.082 0.246 0.082 0.245
H4d IERP — GDC — GPCI Total 0.290 0.047 6.170 0.198 0.383 0.197 0.382
Direct 0.141 0.055 2.564 0.035 0.249 0.029 0.245
Indirect 0.149 0.039 3.821 0.083 0.239 0.082 0.235
H4e  MCP — GDC — GPDI Total 0.280 0.052 5.385 0.178 0.379 0.180 0.380
Direct 0.183 0.053 3.453 0.075 0.285 0.076 0.287
Indirect 0.096 0.033 2.909 0.042 0.173 0.039 0.168
H4f  MCP — GDC — GPCI Total 0.061 0.051 1.196 -0.038 0.161 -0.040 0.160
Direct -0.034 0.048 -0.708 -0.130 0.059 -0.129 0.060
Indirect 0.094 0.032 2.938 0.041 0.167 0.038 0.163
H4g SNP — GDC — GPDI Total 0.053 0.059 0.898 -0.068 0.168 -0.070 0.166
Direct -0.088 0.063 -1.397 -0.206 0.039 -0.218 0.024
Indirect 0.141 0.043 3.279 0.070 0.237 0.069 0.236
H4h  SNP — GDC — GPCI Total 0.389 0.052 7.481 0.291 0.492 0.292 0.494
Direct 0.251 0.054 4.648 0.146 0.358 0.147 0.360
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0.071 0.070 0.223
Indirect 0.138 0.039 0.224
3.538

Table 7. (Continued)

Note: Coercive Environmental Regulatory Pressure (CERP); Incentivized Environmental Regulatory Pressure (IERP); Market
Competition Pressure (MCP); Social Norms Pressure (SNP); Green Dynamic Capability (GDC); Green Product Innovation (GPDI);
Green Process Innovation (GPCI); Executive Environmental Attention (EEA).

Table 6 lists the results of the moderating effect of executive environmental attention on external green
pressure and green dynamic capability. By observing the interaction term (CERP*EEA) between coercive
environmental regulatory pressure and green dynamic capability, the interaction term (IERP*EEA) between
incentivized environmental regulatory pressure and green dynamic capability, the interaction term
(MCP*EEA) between market competition pressure and green dynamic capability, and the interaction term
(SNP*EEA) between social norms pressure and green dynamic capability, the product term of the
independent variable and the adjusted variant is significantly regressive. So, it means the moderating effect
( =0.136, p<0.001) of the executive environmental attention on the pressure of coercive environmental
regulations and the green dynamic ability (H5a), the moderating effect ( =0.115, p<<0.001) of the executive
environmental attention on the pressure of incentivized environmental regulations and the green dynamic
ability (H5b), the moderating effect ( =0.126, p << 0.001)of the executive environmental attention on the
relationship between market competition pressure and green dynamic capability (H5c), and the moderating
effect ( =0.073, p<<0.05) of the executive environmental attention on the relationship between social norms

pressure and green dynamic capability (H5d) are all supported.

Table 8. Hypothesized moderating relationship.

Moderating Beta ig}?;?;.ﬂ P values 95% Confidence interval Decision

H5a  CERPXEEA—GDC 0.136  0.028 0.000 0.080 0.191 Supported
H5b  IERPXEEA—GDC 0.115  0.027 0.000 0.063 0.167 Supported
H5¢  MCPXEEA—GDC 0.126  0.028 0.000 0.072 0.181 Supported
H5d  SNPXEEA—GDC 0.073  0.029 0.011 0.017 0.129 Supported

Note: Coercive Environmental Regulatory Pressure (CERP); Incentivized Environmental Regulatory Pressure (IERP); Market
Competition Pressure (MCP); Social Norms Pressure (SNP); Executive Environmental Attention (EEA); Green Dynamic Capability
(GDC).
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Figure 2. The moderating effect of CERP, IERP, MCP, SNP, and EEA on GDC.

5. Conclusion and discussion
5.1. Research findings

Compared with existing literature, this study explored how coercive environmental regulatory pressure,
incentivized environmental regulatory pressure, market competition pressure, and social norms pressure,
constituting external green pressure components, influence green dynamic capability and how green dynamic
capability influences green product innovation and green process innovation. Meanwhile, the mediating
effects of green dynamic capability between elements of external green pressure and green innovation were
discussed. In this paper, firms’ executive environmental attention, as an important element of green human
capital 2 which is discussed by Luo et al. (2021), is discussed as a moderator, and some new conclusions
were put forward. It was also explored that executive environmental attention moderates the relationship
between the elements of external green pressure and executive environmental attention. Overall, twenty-six
hypotheses were proposed, and the SEM model implemented by using the AMOS26.0 software was utilized
to proceed with the analysis.

The study supports and reconfirms the results of previous studies in that institutional pressures influence
green innovationl®32038.62-651 However, the result of direct effects reveals that market competition pressure
has a greater positive effect on green product innovation, and social norms pressure has a greater positive
effect on green process innovation, which is consistent with the study result!®®. In contrast, there is no
significant relationship between market competition pressure and green process innovation, nor between
social norm pressure and green product innovation. The result also supports and echoes the findings of
previous studies in that external green pressure has a critical influence on green dynamic capability!>283%],
and green dynamic capability is an important element for firms to implement green innovation, including
green product innovation and green process innovation.

In addition, the findings support the hypothesis that green dynamic capability mediates the relationship
between external green pressures and green innovation. This result echoes those of the previous studies in
that green dynamic capability is a vital element of enterprises’ environmental innovation!*#1-42.67-68] " Thig
finding also contributes to and advances the extant literaturel®6°-72] that executive teamwork is a vital factor
for firms’ green innovation strategies and practices.

5.2. Theoretical implications

The results of this study have several implications that extend existing theory. First, it advances
institutional theory!’3-’3] by increasing our understanding of how external green pressures drive and influence
firms’ green innovation actions. External green pressure, including coercive environmental regulatory
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pressure, incentivized environmental regulatory pressure, market competition pressure, and social norms
pressure, are all powerful external forces that stimulate firms to take green innovation into action. Second,
based on the theory of upper echelons theory, this study discussed the moderation effects of executive
environmental attention on external green pressure and green dynamic capability, which expands the
research of the theory of the high ladder team in the field of enterprise innovation strategy. Third, this study
introduced green dynamic capabilities, this study complemented the existing literature on how stakeholder
pressures affect green innovation practices in firms, and the impact mechanism of green innovation from the
micro level has deepened the theory of green innovation in the field of strategic management, and further
enriched the relevant research on the green development of manufacturing enterprises. Finally, the purpose
of this study is to establish a theoretical framework to explain the internal mechanism of transformation of
external green pressure into green innovation actions. This theoretical framework can provide a new
interpretation framework for the study of green innovation in manufacturing enterprises and can effectively
make up for the existing research deficiencies in this field. This study integrates dynamic capability theory
and institutional theory in the field of enterprise innovation and provides a new explanatory framework for
solving the problem of enterprise green innovation and enterprise performance improvement.

5.3. Practical implications

China’s manufacturing industry needs to take green innovation into strategic consideration in order to
shift from the traditional extensive development mode of “high input, high consumption, and high pollution”
to the pursuit of sustainable development of the environmental economy and achieve synergies through
innovative cooperation and resource sharing in various links. This study is helpful for manufacturing
enterprises to comprehensively clarify the relationship between corporate environmental protection and
economic development and provide decision-making references for how to fulfill social responsibilities
better and implement the concept of sustainable development from the perspective of corporate strategy.

In addition, green transformation and innovation development in the manufacturing industry are
important ways to obtain cost and competition advantages. The manufacturing industry needs to take the
road of green transformation and development. This study has important practical significance for Chinese
manufacturing enterprises to take the road of green and sustainable development, and the research results
will help mobilize the enthusiasm of enterprises in green product innovation and green process innovation.
Green innovation is complex, requiring both external and internal factors to be organized for relationships
and interrelations to be successful. This study provides a path to improve the level of enterprise green
innovation. The results can also assist governments, institutions, and organizations in structuring and
qualifying practices for leading to green innovation success.
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Appendix 1. Survey Questionnaire

Code Questions Resources

Coercive Environmental Regulatory Pressure (CERP)

Relevant laws, rules, or regulations set strict emission standards for pollutants (such as

CERP1 . o
concentration or total emission of pollutants).
CERP2 The relevant laws and regulations stipulate strict technical standards for production.
. . . . [55]
For enterprises that fail to meet environmental standards, relevant laws, regulations, or Cao & Chen (2017)
CERP3 rules stipulate strict pollution control deadlines, order rectification deadlines, or take
compulsory measures such as closure and production suspension.
CERP4 The Environmental protection Department has developed detailed environmental plans in
accordance with relevant laws, regulations, or regulations.
Incentivized Environmental Regulatory Pressure (IERP)
[ERPI The local government has developed a sound tax incentive system for green innovative
enterprises (tax reduction or return). Cao & Chen (2017)5%
IERP2 The local government provides special financial subsidies for green innovation projects.
IERP3 Local governments provide discounted interest or preferential loans for green, innovative
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Code Questions

Resources

enterprises.

Market Competition Pressure (MCP)

MCP1 Peers and peer companies have expanded their impact with their green practices.

MCP2 The green innovation of local and peer companies has a profound impact on our
company.

MCP3 The results of green innovation are good for local and peer enterprises.

MCP4 Most local and peer companies have carried out green innovation.

Social Norms Pressure (SNP)

SNP1 Customers demand that the company’s products meet environmental standards.

SNP2 Suppliers require the production of enterprises to comply with environmental regulations.

SNP3 Industry associations require companies to comply with regulations on green
environmental protection.

SNP4 Environmental non-governmental organizations attach importance to the green behavior
of enterprises.

SNP5 The public is concerned about the green behavior of enterprises.

SNP6 The media monitors the green behavior of enterprises.

Organization Green Strategy Capability (OGSC)

OGSC1 My organization owns future competitive flexibility in the industry.

0GSC2 My organization can be aware of business opportunities and threat possibilities.

OGSC3 In my organization, leaders have entrepreneurial characteristics.

OGSC4 My organization can cohesively share employees’ knowledge through visioning.

R&D Green Innovation Capability (DGIC)

DGIC1 My organization can evaluate strengths and weaknesses.

DGIC2 My organization can know the direction and timing for green R&D.

DGIC3 My organization has the flexibility to develop new green products or technology.

Organizational Green Management Capability (GMC)

GMCl1 My organization has the flexibility to understand the needs of the customers.

GMC2 My organization has the flexibility to communicate and coordinate effectively among the
departments.

GMC3 My organization helps employees balance their work and family lives.

GMC4 My organization coordinates with the community to fulfill mutual needs.

Green Product Innovation (GPDI)
Companies choose the least polluting product materials for product development or

GPDI1 .
design.
GPDI2 Companies choose the product materials that consume the least amount of energy and
resources for product development or design.
GPDI3 Companies use minimal materials to compose products and develop or design products.
GPDI4 Companies will carefully consider whether the product is easy to recycle, reuse, and

decompose in order to develop or design the product.
Green Process Innovation (GPCI)
GPCI1 The company consumes fewer resources (e.g., water, electricity) than its competitors.
GPCI2 Companies recycle, reuse, and remanufacture materials or parts.
Companies use cleaner or renewable technologies to save money (e.g., water, energy,

GPCI3
waste)

GPCI4 Companies have redesigned production and operational processes to improve
environmental efficiency.

GPCI5 Companies redesign and improve products or services to meet new environmental

standards or directives.

Yu et al. (2021)[7

Wang et al. (2017)1°);
Xu et al. (2017)77

Hung et al. (2010)78];
Singh et al. (2022)15

Hung et al. (2010)178;
Singh et al. (2022) 15

Hung et al. (2010)178;
Singh et al. (2022)P!

Ar (2012)"); Chen &
Liu (2020)®%; Xie et
al. (2019)#1; Wang et
al. (2021) 82

Cai & Li (2018);
Chiou et al. (2011)34];
Xie et al. (2019)1#1;
Wang et al. (2021)2
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Code Questions Resources
Executive Environmental Attention (EEA)
EEAL Senior management fully supports the company’s environmental actions and
sustainability practices.
EEA2 Executives have always focused on assessing the environmental impact of their business. Wijethixl?ke & Lama
EEA3 Executives have a deep understanding of their competitors’ green sustainability practices. (2018
EEA4 Executives understand customers’ green consumption needs.
EEAS Executives understand the industry’s green and sustainable development requirements.
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