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Abstract: This study develops a multiple mediating model for exploring the link between
environmental regulation and financial performance through green dynamic capability, sustainability
exploration/exploitation innovation, based on the data from 355 Chinese manufacturing firms.
Empirical results support a mediating role of green dynamic capability and sustainability
exploration/exploitation in the link between environmental regulation and financial performance,
respectively. What’s more, our findings indicate that environmental regulation can help improve
financial performance via two multiple mediating paths, i.e.,, green dynamic capability and
sustainability exploration innovation, as well as green dynamic capability and sustainability
exploitation innovation. These key findings will help to understand how important green
dynamic capability and sustainable innovation is when Chinese manufacturing firms establish
a business-politics tie.

Keywords: environmental regulation; green dynamic capability; sustainability exploration innovation;
sustainability exploitation innovation; financial performance

1. Introduction

Climate change and environmental pollution have become inevitable problems in the pursuit of
economic growth [1,2]. In this context, sustainable development is viewed as a key way to mitigate
the pressure caused by economic development and environmental protection, and requires the joint
efforts from multi-stakeholders, including government, business organization, and public [3,4]. As a
feasible approach for government to normalize environmental behaviors of economic participants,
environmental regulation plays an increasingly important role in decreasing the negative effect of
firms’ operations process on the natural environment [5,6]. At the same time, technology innovation
that can be viewed as a key driver of economic growth is also responsible for balancing economic
development and environmental protection [7-9]. Therefore, it is a key to identify the link among
environmental regulation, technology innovation, and economic output, thus designing more paths
for firms’ sustainable development.

To reveal this link, quite a lot of literature has emerged with a typical research finding as the
Porter Hypothesis [10]. The early view in terms of economic growth and environmental protection
argued that strict environmental regulations require firms to increase investment in environmental
protection and green technology innovation [11]. Nevertheless, the rise in the compliance cost effect
caused by environmental regulation is bound to decrease financial performance [12]. The Porter
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Hypothesis posits that reasonably designing environmental policies can motivate innovation and
productivity gains, partially/fully offset compliance cost, and even generate net benefits [13,14].
This may improve financial performance through creating absolute advantage, which mainly comes
from “innovation advantage” and “first-mover advantage” [15]. However, there still exist some conflicts
on how governments develop policy regulation that can improve the comprehensive performance
of firms [2,16,17]. The empirical results of [16,18] illustrated that environmental regulation is usually
negatively linked with financial performance, while by contrast, some studies suggested designing the
environmental regulation that will not only lead the cost-saving innovation that can compensate for
the compliance cost, but also help firms to gain low-cost and differential competitive edges, thereby
improving financial performance [13,19,20]. However, the finding of [21,22] argued that environmental
regulation positively affects firms’ financial performance, thus verifying their fluctuating links.

The inconsistency between environmental regulation and financial performance has attracted
a focus from subsequent research, and their transmission mechanism has been also characterized
from multi-perspectives [23,24]. From the perspective of subdivision of environmental regulations,
some research focused on such regulation from the aspects of administrative orders and market
incentives. For instance, results of [20] presented that market incentives can help improve financial
performance, but [25] indicated that this incentive has a negative effect. While on the whole,
prior research held the same view that there is no significant relationship between command-controlled
environmental regulation and financial performance.

From the perspective of segmented technology innovation, the effect of environmental regulation
on economic output via technology innovation was explored [26,27]. For instance, [22] found that
environmental commitment and sustainability exploitation innovation significantly mediate the link
of environmental regulation and financial performance, while sustainability exploration innovation
cannot motivate the effect of this regulation on financial performance. Additionally, this regulation
can also positively affect financial performance through voluntary efficiency-oriented innovations,
while it is not applicable to the regulation-oriented innovation. What’s more, some literature suggested
that internal organizational factors, e.g., CSR-contingent executive compensation, dynamic capability,
slack resources, and strategy design, need to be considered in the “strong” Porter Hypothesis [28-31].
However, only a few literature incorporated internal factors of organizations into the research
framework in terms of linking these three variables.

Overall, there are still two gaps in existing literature. First, the effect of existing environmental
regulation on financial performance through technology innovation is controversial, and it needs to
subdivide the specific type of environmental regulation and technology innovation [23,32]. Second,
it needs to identify what are key internal factors that can lead the transmission mechanism of
environmental regulation, sustainable dual-innovation, and financial performance [24,33]. In order to fill
in these two gaps, this study will incorporate both green dynamic capability and sustainable innovation
into the Porter Hypothesis framework, and then explore the potential path from environmental
regulation to financial performance through green dynamic capability and sustainable innovation.

To fill the research gaps in the existing literature, our study aims to provide insights into the
implementation path of the strong Porter Hypothesis by exploring the meditating effect of green
dynamic capability and sustainability exploration/exploitation innovation in linking environmental
regulation and financial performance. Specifically, this study extends the understanding of the
relationship between environmental regulation, sustainable innovation, and firm performance
by dividing sustainable innovation into sustainability exploration innovation and sustainability
exploitation innovation. Furthermore, this study strives to new insights into the link between
environmental regulation and financial performance by inserting green dynamic capability into the
conceptual framework of Porter Hypothesis. Meanwhile, this study tries to add empirical evidence
for the theoretical framework, proposed by prior studies [33], which emphasizes the importance
of internal capability and sustainable innovation for the Porter Hypothesis. Overall, we expect to
provide a better understanding of strong Porter Hypothesis by answering how firms establish green
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capability, and then develop sustainable innovation mode to improve economic growth in the specific
environmental regulation.

The rest of this study is structured as follows. Section 2 organizes a theoretical analysis and then
develops our research hypotheses. Section 3 introduces data collection and research methodology.
Section 4 presents the key empirical results. Section 5 further discusses our key findings and thus
proposes research implications. Section 6 concludes this study and presents our research limitations
and future research.

2. Theoretical Underpinnings and Hypotheses Development

2.1. Environmental Regulation

Enlightened by the Resource-based View, maximizing the value of resources is the key to create
competitive edges of firms or industries [25]. Accordingly, there are two sides about environmental
regulation that can be discussed as follows. On the one hand, environmental policy may restrict the
circulation of resources in the markets or inter-firms, thus resulting in the lack of resources. On the
other hand, limiting the use of materials in production process will make firms explore innovative
production modes, and thus enhance the competitive edges in terms of innovation aspects. This is
similar to the Innovation Compensation Effect proposed by Porter. Based on the Porter Hypothesis,
environmental regulation is not only a policy tool for protecting the natural environment, but also an
arguable facet to promote firms’ innovation practices. However, there still exists a considerable debate
in terms of the efficiency and internal transmission mechanism of environmental regulation [16,18].
In view of the existence of environmental total factor productivity that was proposed in recent years,
different types of environmental regulations have different influence on such productivity in different
industrial sectors [23].

Therefore, researchers are committed to reveal the effect of different regulations on sustainable
operations. Enlightened by the “narrow” Porter Hypothesis, some research divided environmental
regulation into mandatory regulation and voluntary regulation, and drew the effect of these two on
firms” performance levels [20,34]. Then [35] divided it into three aspects, i.e., command-controlled
regulation, voluntary regulation, and market-oriented regulation. These regulations require firms to
increase environmental management investment that aims to consolidate the technology innovation
that will help environmental protection.

The interaction among environmental regulation, internal factors, sustainable innovation,
and financial performance needs to be systematically explored. Among them, environmental regulation,
as the starting point of Porter Hypothesis, is considered to be the key part of theoretical framework.
Although a large number of studies analyzed the theoretical path from environmental regulation to
firms’ performance via technology innovation, few of them involved how to select an efficient path
for both government and firms. Further, prior studies less focused on the inter-firms’ factors in the
research framework, e.g., operational capability, management attitudes, and strategic positions, which
are affected by external policy tools [16]. Therefore, in order to find an efficient way to address these
problems, we aim to analyze the internal and external effects that environmental regulation put on
financial performance.

2.2. Green Dynamic Capability

Dynamic capability was defined as a kind of process in terms of firms’ resources use, especially
focusing on the process of rearranging or reconfiguring resources, and this process emphasizes
how firms use the limited resources to adapt to market environments [36]. Subsequent studies
proposed various views about it in terms of organization internality and effectiveness of resource
use. [37] emphasized the integration of knowledge and technology resources of dynamic capability,
and argued that this capability can be portrayed as a series of combine capabilities that promote firms
to create knowledge.
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From the economic perspective, some prior studies [38,39] viewed dynamic capability as a kind
of organizational guideline that is represented by managers’ capability to integrate opportunities to
achieve high financial performance and establish firms’ competitive edge. With the further research
of dynamic capability in firms’ sustainable innovation and high-quality development, [40] proposed
the view of “green development” into the theory system of dynamic capability, and put forward the
concept of green dynamic capability. It was interpreted as the capability of firms to develop their green
organizational capability to respond to market changes by using existing resources and a range of
knowledge renewal activities. This study takes the influence path of green dynamic capability as the
internal factors in the organizations.

However, the literature about green dynamic capability tends to focus on a certain aspect about
firm sustainability. For instance, [41] explored the positive internal mediating role of dynamic capability
(sensing, seizing, and reconfiguring) and innovation towards firms’ sustainability. [42] developed a
framework of how dynamic capability works in the business network. What’s more, [43] investigated
how green dynamic capability improves the competitive edges from the green development perspective.
Furthermore, few researches regarded green dynamic capability as the mediating role in the model
of strong view of Porter Hypothesis. Therefore, to fulfill this gap, we explore the functions of green
dynamic capability in the multiple paths involving environmental and economic factors to reinforce
the researches related to the Porter Hypothesis.

2.3. Sustainability Exploitation/Exploration Innovation

Sustainable innovation was defined by [44,45] as innovation which has enabled firms to improve
their financial performance while reducing negative environmental and social impacts. In the view
of [46], sustainable practices are essential to firms’ further development. And the reasons why firms
perform innovation activities involve two aspects: For one thing, firms with high innovative capability
are likely to tackle with dynamic environment problems; for another, individual or organizational
innovation to obtain competitive edges.

To explore the effect of different types of sustainable innovation, the definition of sustainability
exploitation innovation and sustainability exploration innovation conceptually was proposed
by [47]. Sustainability exploitation innovation illustrates that organizational on-going incremental
improvements are essential to tackle with the scarcity of resources, e.g., appropriate mechanism to
resources reduction and renting rules to other firms [47,48]. In contrast, sustainability exploration
innovation focuses on reducing environmental costs by enhancing exploration innovation activities,
and it is designed to achieve business sustainability, future prosperity, and competitive edges [49].
At the same time, by analyzing the impact of green innovation in Taiwan’s manufacturing industry in
China, [50] concluded that green innovation will create competitive edges to manufacturing firms,
of which green product innovation played the most important effect.

In the Instrumental Stakeholder Theory, organizations need to give the priority of shareholders’
influence on sustainable development. It emphasizes that managing the link with shareholders
smoothly when operating innovative practices contributes to significant improvement of financial
performance. What’s more, [51] found that organizations strive to gain competitive edges through
sustainability exploitation innovation by successfully addressing stakeholder expectations. But the
Sustainability-oriented Theory presents the initiatives of organizations when they confront with
changing markets. It means that their purposes to make innovation are not only the pressure from
government and shareholders, but also from their commitment to sustainable economic success [49].
Accordingly, establishing a conceptual model on exploitation/exploration innovation towards economic
performance is necessary for practical improvement.

However, only a few studies involving sustainability exploitation innovation and sustainability
exploration innovation function in a conceptual model, which contains both internal and external
factors, e.g., organizational leadership and green dynamic capability. Hence, this study concentrates
on firms’ preferences between these two sustainable innovations when firms are influenced by the
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external environmental regulations and internal green dynamic capability, and moreover, whether
their choices will contribute to shareholders’ profits or not.

2.4. The Effect of Environmental Regulation on Sustainable Innovation

The main goal of government environmental regulation is to achieve harmonious development of
environment and industry. Thus, the government needs to formulate relevant environmental policies
according to the development situation, organizational structure, and existing resources. Based on
Porter Hypothesis, appropriate environmental regulation can promote firms” innovation.

Considering the link of environmental regulation and innovation performance, the results are
categorized into two aspects. Firstly, from the perspective of Cost Compensation Theory, a group
of scholars explain that the implementation of environmental regulation increases the management
cost of firms, thereby reducing the investment in innovation activities, thus inhibiting the innovative
production of firms [52]. Secondly, in the view of innovation compensation, scholars argued that
in order to gain competitive edges, these firms will be autonomous in their innovation activities to
achieve efficient production, while the government and society will also take measures to stimulate and
induce firms to carry out green innovation [53]. Furthermore, governments’ environmental standards
punish firms that violate the rules, thus encouraging other firms to comply with regulations that help
firms to develop innovation activities. The sustainability exploitation innovation requires firms to
emphasize the use of existing innovation resources and innovation practices [47]. Thus, sustainability
exploration innovation and sustainability exploitation innovation can achieve the balance between
economic development and environmental protection via enhancing sustainable innovation [54].

In view of innovation, exploration, and exploitation, innovations portray two different methods
to attain innovative results for business organizations. Thus, environmental regulation promotes
technology innovation. For instance, improving the efficiency of sustainability exploitation innovation
tools and methods. From cost compensation perspective, environmental regulation force firms to
implement innovative practices, thus, organizations may orchestrate their production resources and
improve technology to meet the governments’ needs. This helps develop following hypotheses:

Hypothesis 1a. Environmental regulation positively affects sustainability exploitation innovation.

Hypothesis 1b. Environmental requlation positively affects sustainability exploration innovation.

2.5. The Effect on Environmental Regulation on Green Dynamaic Capability

Environmental regulation requires firms to implement environmental management, and
increase investment in innovation related to environmental protection and pollution reduction [25].
Environmental regulation requires firms, which aim to avoid green risks, to adjust green producing
strategy in a certain period [35]. Furthermore, environmental regulation highlights the importance of
reconfiguring internal resources, enhancing green produce line, and orchestrating human structure [55].
Environmental regulation has led to environmental changes, enabling firms to face a new market
environment, in which they pay more attention to green innovation, environmental protection, pollutant
emission reduction, energy, and material consumption [56].

According to the Dynamic Capability Theory, when facing the challenges from the
dynamic environment, firms will integrate, establish, and reconfigure competences to gain
competitiveness [57,58]. Relative to dynamic capability, green dynamic capability are regarded
as the capability of a firm to integrate and reconfigure its existing resources and knowledge to renew
and develop its green organizational capability [40,43]. Green dynamic capability is critical to firm
success, in response to environmental protection, and shortages of resources and energy. To obtain
green competitive edge, firms are motivated to take environmentally friendly productions by improving
the capability to sense, seize, and orchestrate opportunities in the markets.

Thus, we proposed the following hypothesis:
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Hypothesis 1c. Environmental requlation positively affects green dynamic capability.

2.6. The Effect of Green Dynamci Capability

The core point of sustainable development is integrating financial performance, environment,
society, and other government control factors appropriately [59]. The improvement of firms’ green
dynamic capability allows for firms to make efficient adjustment to adapt to the changes of the green
environment. On the one hand, it reorganizes the existing resources to achieve the optimal allocation.
On the other hand, it also recognizes and seizes the opportunities of environmental chances to create
the competitive edge of competitors. The establishment of competitive edges is positively associated
with the sustainable production and innovation of products.

Sustainable practices will help firms achieve a high level of financial performance [60]. At the
sensing level of dynamic capability, firms will undertake a series of innovation activities to capture
customer needs, competitor information, and explore innovation opportunities [61,62] found that the lack
of clean production technology and measures to address cleaner production will be the main obstacle
to high-quality development for firms. Therefore, the capability to obtain information in the external
environment quickly is inaccessible for firms to move to high-quality development. At the seizing level of
dynamic capability, organizations will mobilize existing resources to capture opportunities and challenges.
Since the high-quality development of the firms is affected by the internal organizational structure and
external stakeholders, it is beneficial to the sustainable development activities if they can coordinate
internal and external resources and fully mobilize it [63]. By constantly adjusting the organizational
resources, the firms can enhance sustainable competitive edges. Further, in order to achieve high financial
performance, organizations should learn how to update, use, and allocate resources to a rapidly changing
external environment [44,64]. This leads us to suggest the following hypothesis:

Hypothesis 2. Green dynamic capability positively affects financial performance.

Green dynamic capability that emphasizes the use of existing green resources and capability,
helps firms to meet the changing needs of the external environment by constructing and developing
new organizational capability [65]. On the one hand, green dynamic capability helps firms to achieve
a timely understanding of environmental protection laws, regulations, and policies, and quickly
perceive and capture the subtle dynamic changes in the market by conducting an extensive information
search [43]. Firms with strong green dynamic capability are more likely to fully grasp consumers
green demands and the future development trend of the industry. On the other hand, firms with

7

strong green dynamic capability can adjust the production process effectively according to changes in
actual demand [66]. Therefore, we believe that green dynamic capability can help firms to promote
sustainable innovation, and improve the probability of success of green innovation by overcoming
technical research and development difficulties.

Therefore, we propose following hypotheses:

Hypothesis 3a. Green dynamic capability positively affects financial performance via sustainability exploitation
innovation.

Hypothesis 3b. Green dynamic capability positively affects financial performance via sustainability exploration
innovation.

2.7. The Effect of Sustainable Innovation on Financial Performance

The impact of innovation activities on firms” economic output is also considered within two
aspects. Some scholars insisted that sustainability exploratory innovation and sustainability exploitation
innovation promoted the financial performance of firms to varying degrees [67]. In contrast, other
scholars believed that the relationship between the two kinds of sustainable innovation and corporate
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financial performance was not directly related. For instance, [68] concluded that exploratory practice
and financial performance in sustainable innovation were inverted due to the intensity of research
and development and the influence of the firms’ industry. [47] recommended that the main goal of
sustainability exploration innovation is to new climate-friendly products and technology by conducting
the exploration innovation.

Sustainability exploration innovation covers both sustainable development and exploration
innovation, which aims to reduce the environmental impact of the product cycle via conducting
exploration innovation [24,69]. New green products, technologies, and knowledge created by
sustainability exploration innovation are beneficial to reduce material consumption and increase
recycling rates [70]. Therefore, we believe that sustainability exploration innovation is able to explore
new markets and differentiate the business from its competitors via providing new green products and
green processes [54,71,72]. Additionally, sustainability exploitation innovation aims to continually
reduce the use of materials and energy to enhance existing competitive edge eventually through
exploitation innovation that pays attention to improving the existing products and designs [49].
It implies that sustainability exploitation innovation ensures the organization’s viability against
competitors by providing lower prices and higher quality products. Therefore, the sustainability
exploitation innovation will improve business performance by developing the nature of innovation.
Thus, we proposed following hypotheses:

Hypothesis 4a. Sustainability exploitation innovation positively affects financial performance.

Hypothesis 4b. Sustainability exploratory innovation positively affects financial performance.

2.8. The Mediating Effect of Sustainable Innovation

We proposed in Hypotheses Hla and H1b that environmental regulation positively influences two
types of sustainable innovation: Sustainability exploitation innovation and sustainability exploration
innovation, respectively. After that, we furthermore proposed in Hypotheses H3a and H3b that
sustainability exploitation innovation and sustainability exploration innovation can improve the
financial performance of manufacturing firms. Therefore, according to Hypotheses Hla and H3a,
we argue that environmental regulation forces firms to enhance sustainability exploitation innovation
to improve economic development and enhance the environmental protection which can improve their
financial performance. Further, following the views proposed in Hypotheses H1b and H3b, we also
believe that environmental regulation forces firms to enhance sustainability exploration innovation to
achieve the balance between economic development and environmental protection, which can improve
their financial performance. Thus, the following hypotheses are proposed:

Hypothesis 5a. The link between environmental regulation and financial performance is mediated by
sustainability exploitation innovation.

Hypothesis 5b. The link between environmental regulation and financial performance is mediated by
sustainability exploration innovation.

2.9. The Mediating Effect of Green Dynamic Capability

Besides exploring the internal mechanism of sustainable innovation, scholars begin to take the
influence of the organizational factors of firms into account [16]. According to the Porter Hypothesis,
environmental regulation promotes innovation activities, and how to implement and identify innovation
activities depends on the dynamic control of internal organizational environment.

Firms tend to enhance the capability to identify innovation opportunities, control risks, and
integrate resources when considering the high-level cost caused by a series of factors, e.g., resource
shortage of human capital and technology backwardness. At the same time, taking the pressure of
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stakeholders into account, environmental regulation is likely to affect internal organization factors,
e.g., leaders’ judgment, skills, processes, production techniques, which are key elements of green
dynamic capability. Thus, the improvement of dynamic capability depends on flexible and suitable
regulations [8], which contributes to the higher economic output.

Meanwhile, considering the influence of environmental regulation, firms improve the effectiveness
of innovation activities by changing the uncertain external factors, and reconfigure the factors of
organizational rules within the organization. Thus, the effective use of organizational resources and
the improvement of organizational structure flexibility are likely to affect the sustainable application
of dynamic capability. By then, it makes firms quickly respond to the green markets’ changes. Thus,
we propose the following hypothesis:

Hypothesis 6. The effect of environmental requlation on financial performance is mediated by green dynamic
capability.

2.10. The Multiple Mediating Role of Green Dynamic Capability and Sustainable Innovation

Green dynamic capability presents the capability of firms to adapt to external changes by using
internal and external green resources, and firms with higher class of green dynamic capability
can obtain great merits in realizing green innovation and development. According to Hypotheses
Hlc, H3a, and H4a, firms need to enhance their green dynamic capability to cope with changes
caused by environmental regulation, and the strengthening of green dynamic capability may promote
the implement of sustainability exploitation innovation, which is critical driver to improve firms’
financial performance.

As proposed in hypothesis Hlc, environmental regulation is positively associated with green
dynamic capability. According to H3b and H4b, green dynamic capability have a positive
impact on sustainability exploration innovation via improving reconfiguration and opportunity
recognition capability of a firm, and sustainability exploration innovation can improve firms’ financial
performance. Therefore, based on the Hlc, H3b, and H4b, this study believes that environmental
regulation can enhance firms’ financial performance via green dynamic capability and sustainability
exploration innovation.

Based on the above discussion, we therefore hypothesize:

Hypothesis 7a. The influence of environmental regulation on financial performance is subsequently mediated
by green dynamic capability and sustainability exploitation innovation.

Hypothesis 1b. The influence of environmental regulation on financial performance is subsequently mediated
by green dynamic capability and sustainability exploration innovation.

According to hypotheses above, the conceptual framework proposed in this study is shown in
Figure 1.

Sustainability
exploitation
innovation

Financial
performance

Environmental
regulation

Green dynamic
capability

Sustainability
exploration
innovation

Figure 1. The conceptual framework
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3. Research Methodology

Following previous studies [24,41,73], the research methodology is conducted in the following
three stages. First, these survey questionnaires were firstly designed based on previous studies and
confirmed by three professors and senior managers. Second, the questionnaires were randomly sent
to a sample of senior managers in manufacturing firms. Third, the validity and reliability of the
measurement in this study were assessed to ensure their adequacy for PLS-SEM analysis.

3.1. Data Collection

Our research subjects are manufacturing firms in China, and the questionnaires are filled in
anonymously by the senior executives of the firm under investigation. The survey, which lasted from
March to May in 2018, included the eastern, central, western, and north-eastern regions of China.
The questionnaire in this study consists of two parts. The first part includes basic information of
firms, and the second part mainly investigates the financial status of firms, the state of sustainable
innovation of firms, and the firms’ green dynamic capability. To ensure the validity of the questionnaire,
three experts from universities and five top managers from manufacturing firms in Wuxi were invited
to conduct a preliminary survey, and according to the professional and business executive feedback,
the questionnaire was revised and improved.

This study issues 877 questionnaires in the study, e-mail, and online forms, a total of
585 questionnaires were recovered, the recovery rate of 66.70%. Among all received questionnaires,
230 invalid questionnaires that have obvious problems, e.g., incomplete filling, selecting one result for
all questions, and obvious regularity were eliminated. Finally, 355 valid questionnaires were obtained,
with an efficiency of 60.68%.

According to the preliminary analysis, firm scales cover micro-firms (less than 20 employees;
2.82%), small firms (from 20 to 299 employees; 36.06%), medium-sized firms (from 300 to 999 employees;
27.89%), and large firms (more than 1000 employees; 33.24%). In terms of the establishment of firms,
the establishment of 1 to 5 years of the firm accounted for 7.04%, the establishment of 6 to 10 years of
firms accounted for 22.25%, the establishment of 11 years to 15 years of firm exhibition 14.93%, the
establishment of 16 years to 20 years of firms accounted for 22.25%, the establishment of more than 20
years of firms accounted for 33.52%.

In order to reduce the influence of common method variance (CMYV), this study distributes
the composition measurements of the questionnaire among different subject modules by reference
to the method proposed by [74]. In order to verify whether there is a common method deviation,
this study uses Harman single factor test to carry out exploratory factor analysis, extracting factors
with characteristic values greater than 1 without rotation. The results present that the first factor
extracted can only explain the variation of 31.41% (<40%), which indicates that there is no homologous
deviation in the obtained data.

3.2. Variables

3.2.1. Dependent Variables

Financial Performance. Financial performance is defined as the indicator staking the business
situation of a firm, which can directly reflect the profitability and business risk. Referring to the prior
study [75], this study tested financial performance with 3 items (sales growth, profitability, and market
share in the main product market) in which, managers were asked to rate financial performance relative
to that of their major competitors. Respondents self-reported all the items through 7-point Likert scales
ranging from 1 (strongly disagreement) to 7 (strongly agreement).

3.2.2. Independent Variables

Environmental Regulation. Environmental regulation represents a series of policies for governments
to achieve environmental innovation in order to achieve environmental protection and economic



Sustainability 2020, 12, 1007 10 of 22

development [76]. Reference to multi-item construct used by prior studies [77], this study measured
environmental regulation through four items through a 7-point Likert scale ranging from 1 (strongly
disagreement) to 7 (strongly agreement). Managers were asked to explain the extent to which
environmental regulations affected his or her firms, including (1) strict criteria, (2) suitability for
China’s situation, (3) being aware of their impact, and (4) whether environmental issues can be
effectively addressed.

3.2.3. Mediating Variables

Green Dynamic Capability. This capability refers to the capability to integrate and reconfigure
internal and external competences to meet the requirements of changing environments and green
product design [40,43]. Following a 7-item construct proposed by [43], we used measured green
dynamic capability using the following five items: (1) The firm’s capability to quickly monitor the
environment, (2) the capability to learn and create, (3) the capability to integrate resources and expertise,
(4) the capability to coordinate employees’ capability to develop green technologies, and (5) successfully
allocate resources to develop the capability to innovate in green.

Sustainability Exploitation Innovation and Sustainability Exploration Innovation. Sustainable innovation
is a series of innovative activities to achieve sustainable development, in which sustainability
exploitation innovation emphasizes the capability of a firm to participate in and improve the production
process [71]. Sustainability exploration innovation refers to the process by which firms establish
divergent and innovative adaptive mechanisms through their own practices [47]. Based on prior
studies [49], sustainability exploitation innovation was measured using the following six items: (1) Our
firm promptly responds to issues proposed by existing stakeholders; (2) our firm often focuses on
evaluating external factors related to the interests of key stakeholders; (3) our firm conducts the
proactive and flexible business procedures, giving support to meet the various demands of key
stakeholders; (4) our firm’s product/service design and development often reflect the requirement of
key customers and suppliers; (5) our firm often takes advantage of various management measures to
avoid risks of variability in key processes; (6) our firm often encourages members to meet sustainability
standards via setting a series of key performance indicators. Each of these items was measured using a
7-point Likert scale ranging from 1 (totally disagree) to 7 (totally agree).

According to prior studies [24,51], sustainable product and process development (SER-SPPD) and
sustainable-oriented learning (SER-SOL) constitute sustainability exploration innovation. SER-SPPD
usually refers to green process engineering and product innovation. SOL usually refers to the capability
to develop sustainability- related innovations. Reference to prior studies [24,71], SER-SPPD was
measured using the following four items: (1) Our firm is likely to develop products or services in a
radical way to face environmental changes; (2) our firm strives to reduce the negativity of external
environment via the improvement of the products or services; (3) our firm reconfigures the business
procedures periodically to meet green needs; (4) our firm often obtains environmentally friendly
innovation to build green environment. SER-SOL was measured using the following four items:
(1) Our firm often attaches great importance to train the knowledge and skills of workers to make
sustainability practices more effectively; (2) our firm strives to form a sustainable organizational culture
by enhancing innovative learning; (3) our firm is good at giving sustainable examples to enhance
the capability of workers involving knowledge and practical skills; (4) our firm identifies external
opportunities from partners to obtain ideas toward sustainability. Each of these items was measured
using a 7-point Likert scale ranging from 1 (strongly disagreement) to 7 (strongly agreement).

3.2.4. Control Variables

Prior literature indicated that same unobservable determinants may jointly influence financial
performance [78,79]. Following them, we control observable variables to mitigate bias caused by
unobservable determinants. The existing literature presents that the basic features of firm, e.g., firm size
and age, can influence the green innovation behavior of firm, and this study designs firm size and firm
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age as control variables [80]. Referring to [54,81], we use the natural arithmetic of business years to
portray firm age, and use the natural arithmetic of the average number of staff in the past three years
to portray firm size.

3.3. Reliability Test

To calculate the validity and reliability of the measurement, PLS-SEM model and SmartPLS 3.0
software were employed in this study. Following to prior studies [82,83], we measure the convergent
validity of the scales following three principles ( all indicator loadings > 0.70; Composite Reliabilities >
0.60; the average variance extracted > 0.50). All outer factor loadings for constructed items range from
0.742 to 0.861 (> 0.70) as shown in Table 1, the Composite Reliabilities values range from 0.879 to 0.913
(> 0.60), and the average variance extracted ranges from 0.603 to 0.708 (> 0.50). All three conditions for
convergent validity thus hold. Additionally, Table 1 presents that Cronbach’s « values range from
0.794 to 0.880, which exceeded the suggested threshold value of 0.70. The results of the reliability test
show that a set of indicators in this study can explain a single latent construct [84].

Table 1. Reliability and convergent validity (N = 355).

Variable Measurement Facfor Cronbach’s « CR AVE
Items Loadings

Environmental ER1 0.825
regulation ER2 0.839 0.847 0.897 0.685

(ER) ER3 0.804

ER4 0.842

SEI1 0.782

Sustainability ggg 8;?1
exploitation innovation ’ 0.868 0.901 0.603

(SEI) SEI4 0.781

SEI5 0.801

SEI6 0.742

I . SER-SOL1 0.831

Sustamablhty—orlented SER-SOL2 0.833
learning 0.838 0.892 0.673

(SER-SOL) SER-SOL3 0.798

SER-SOL4 0.821

Sustainable product and SER-SPPD1 0.857

SER-SPPD2 0.833
process development 0.857 0.903 0.701

(SER-SPPD) SER-SPPD3 0.824

SER-SPPD4 0.834

GDC1 0.859

Green dynamic GDC2 0.800
capability GDC3 0.846 0.880 0.913 0.677

(GDCQ) GDC4 0.794

GDC5 0.811

Financial performance FP1 0.831
< (1;;)0 FP2 0.861 0.794 0.879  0.708

FP3 0.833

Note: AVE: average variance extracted; CR: composite reliability.

3.4. Descriptive Statistics and Correlation Analysis

To examine the discriminant validity, we compare the square root of the AVE with the coefficients
of correlation between the variable and other variables. The results of correlation statistics and
discriminant validity are presented in Table 2 that presents the mean, standard deviation, the square
root of AVE, and the correlation between variables. The square root of AVE for each variable is higher
than the correlation coefficient between the variable and the other potential variables, which indicate
that the discriminant validity of all variables is acceptable.
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Table 2. Descriptive statistics and discriminant validity.

Variable Mean  Standard 1 2 3 4 5 6
Deviation

1. ER 5.612 0.912 0.828

2. SEI 5.325 0.851 0.428*  0.777

3. SER-SOL 5.492 0.884 0.330**  0.622*  0.820

4. SER-SPPD  5.364 1.021 0.347** 0.558** 0.438** 0.837

5. GDC 5.086 1.134 0.537** 0.572** 0.472* 0.484* 0.823

6. FP 5.438 1.026 0.332* 0.571* 0.557** 0.464* 0.601* 0.841

Note: * p < 0.05; ** p < 0.01. The square roots of AVE are shown in diagonal line. ER: Environmental regulation; SEI:
Sustainability exploitation innovation; SER-SOL: Sustainability-oriented learning; SER-SPPD: Sustainable product
and process development; GDC: Green dynamic capability; FP: Financial performance.

4. Results

To examine the research hypotheses, the partial least squares approach to structural equation
modeling (PLS-SEM) was applied. Following the PLS specific evaluation process [41], we evaluate
the PLS-SEM model by using the SmartPLS 3.0 software, and then interpreted the path coefficients
and evaluated the significances by bootstrapping (1000 subsamples and individual-level changes
reprocessing).

4.1. Direct Effects

To examine Hla and H1b, the results in Table 3 and Figure 2 indicate that the direct effects of
environmental regulation on sustainability exploitation innovation and sustainability exploration
innovation are different. Environmental regulation has a positive effect on sustainability exploitation
innovation ( = 0.053, p < 0.001). However, the effect of environmental regulation on SER-SOL
(p =0.115, p > 0.100) and SER-SPPD (5 = 0.136, p > 0.050) are not significant. Therefore, H1a is
supported, but H1b is not supported. What’s more, our results present that the effect of environmental
regulation on green dynamic capability is significant (3 = 0.538, p < 0.100), and the 95% bias-corrected
confidence interval ranges from 0.446 to 0.612, which does include 0. Therefore, Hlc is supported.

Table 3. Results for the direct effects (N = 355).

Correspond.i "8 Direct Effect Boot Effect Bootstrapping Percentile 95% C1 Result
Hypothesis LLCI ULCI
Hla %]g 0.174 ** 0.055 0.300 Supported
Hib SERE_IEOL 0.115 -0.029 0.246 Not supported
SER]';PPD 0.136 ~0.017 0.256 Not supported
Hilc G}S{C 0.538 ** 0.446 0.612 Supported
H2 Glg)C 0.366 ** 0.245 0.481 Supported
H3a GS]];IC 0.481 ** 0.376 0.583 Supported
H3b SEIé-SIéPD 0.409 ** 0.293 0.510 Supported
SEé{]-DS CO L 0.408 ** 0.288 0.519 Supported
H4a ;51 0.181 ** 0.047 0.320 Supported
Hib SEIf— I;OL 0.250 ** 0.124 0.387 Supported
SER{:SPPPD 0.103 —0.003 0.199 Not supported

Note: * p < 0.05; ** p < 0.01. ER: Environmental regulation; SEI: Sustainability exploitation innovation; SER-SOL:
Sustainability-oriented learning; SER-SPPD: Sustainable product and process development; GDC: Green dynamic
capability; FP: Financial performance.
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SPPD1 SPPD2 SPPD3 SPPD4

V\ »~ P
0.833 (0.000) 0.834 (0.000)

0.857 (0.000) \ ; 24 (6,000,
3

SIZE

1.000 (0.000)

ER1

0.136 (0.058) SER-SPPD

'\
0.825 (0.000)

ER2
J.839 (0.000

0.115 (0.102)
=== 0“804 (0.000] 0.103 (0.051)

~.842 (0.000) SIZE
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Figure 2. Results of multiple mediation model. Note: ER: Environmental regulation; SEI: Sustainability
exploitation innovation; SER-SOL: Sustainability-oriented learning; SER-SPPD: Sustainable product
and process development; GDC: Green dynamic capability; FP: Financial performance.

Accordingly, it is found that green dynamic capability positively affects the financial performance
(B =0.366, p < 0.001), the 95% bias-corrected confidence interval does not include 0 (LLCI = 0.245,
ULCI = 0.481), thus H2 is empirically supported. To assess the effect of green dynamic capability on
two kinds of sustainable innovation, the results present that there is a significant relationship between
green dynamic capability and sustainability exploitation innovation (3 = 0.481, p < 0.001). Additionally,
the results also indicate that green dynamic capability can significantly affect sustainability exploration
innovation from two dimensions: SER-SOL (3 = 0.408, p < 0.001) and SER-SSPD (3 = 0.409, p < 0.001).
Therefore, H3a and H3b are supported.

Since the effects of sustainability exploitation innovation (3 = 0.181, p < 0.001) and SER-SOL
(B =0.250, p < 0.001) on financial performance are significant, the effect of SER-SPPD (3 = 0.103,
p > 0.005) presents an opposite result, and the 95% bias-corrected confidence interval includes
0 (LLCI=-0.003, ULCI = 0.199). Therefore, H4a is empirically supported, while H4b is
partially supported.

4.2. Indirect Effects

To test the mediating effects of sustainability exploitation/exploration innovation and green
dynamic capability in line with H5 and H7, we use the bootstrapping method in SmartPLS 3.0. Itis clear
from Table 4 that sustainability exploitation innovation plays a meditate effect between environmental
regulation and financial performance ( = 0.032, p < 0.010), the effect is significant with the 95%
bias-corrected confidence interval is between 0.007 and 0.075. Thus, H5a can be proved. However,
the meditating effects of SOL (3 = 0.029, p > 0.100) and SPPD (3 = 0.014, p > 0.100) on the relationship
between environmental regulation and financial are insignificant, which means the mediating role of
sustainability exploration innovation in the link of environmental regulation and financial performance
is not significant. Thus, the results do not support H5b.
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Table 4. Results for the indirect effects (N = 355).

i Bootstrapping Percentile 95% CI
Cg;?&%:g;:g Indirect Effect Boot Effect LLCPIP 8 ULCT Result
FP
Hb5a SEI 0.032 * 0.007 0.075 Supported
ER
FP
SER-SOL 0.029 -0.002 0.073 Not supported
ER
FP
SER-SPPD 0.014 —-0.001 0.042 Not supported
ER
FP
Heé GDC 0.197 ** 0.129 0.271 Supported
ER
FP
H7a SEI 0.047 * 0.011 0.088 Supported
GDC
ER
FP
SER-SOL
H7b GDC
ER
FP
SER-SPPD
GDC
ER

Note: * p < 0.05; ** p < 0.01. ER: Environmental regulation; SEI: Sustainability exploitation innovation; SER-SOL:
Sustainability-oriented learning; SER-SPPD: Sustainable product and process development; GDC: Green dynamic
capability; FP: Financial performance.

H5b

0.055 * 0.023 0.097 Supported

0.023 0.000 0.049 Not supported

Regarding H6, the result presents that green dynamic capability positively mediates the relationship
between environmental regulation and financial performance, which has a significant value of 0.197
and the 95% bias-corrected confidence interval is between 0.129 and 0.271, which does not include
0. Thus, we conclude that environmental regulation can promote the improvement of firms’ green
dynamic capability, and thus improve the financial performance.

As can be seen in Table 4, different types of innovation have different influence on the relationship
between environmental regulation and financial performance via green dynamic capability. According
to H7a, sustainability exploitation innovation plays a significant multi-mediation role in the path of
environmental regulation to financial performance ( = 0.047, p < 0.050). The results show that the
value is proven to be significant with the 95% bias-corrected confidence interval between 0.011 and
0.088, which does not include 0. Thus, H7a is supported. At the same time, the 95% bias-corrected
confidence interval of the multi-mediation effect composed of green dynamic capability and SER-SOL
does not include 0 (LLCI = 0.023, ULCI = 0.097), which indicates that the coefficient of mediating
effect is significant (3 = 0.055, p < 0.050). By contrast, green dynamic capability and SER-SPPD cannot
mediate the link between environmental regulation and financial performance (3 = 0.023, p > 0.005).
Therefore, H7b is partially supported.

5. Discussions

Prior studies that noted the importance of environmental regulation in promoting sustainable
development have focused on the link between environmental regulation, technology innovation,
and firm performance based on the research framework of Porter Hypothesis [2,85]. However, the effect
of environmental regulation on innovation and firm performance remains still inconclusive [86].
Suggested by [20,24,33], some key factors within business organizations, e.g., internal capability,
organizational slack, and stakeholder pressures etc., be addressed into framework of Porter Hypothesis
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to promote firms to integrate economic development and environmental protection. Few studies has
addressed the green dynamic capability into the original Porter Hypothesis and provided empirical
evidence that environmental regulation can affect financial performance via green dynamic capability
and sustainable innovation. To extend previous studies on Porter Hypothesis, and provide new insights
into the framework of Porter Hypothesis consisting of factors within the organization, the existing
research was designed to determine the mediating role of green dynamic capability and sustainable
innovation in the link between environmental regulation and financial performance.

(1) The meditating role of sustainability exploration/exploitation innovation in the link between
environmental regulation and financial performance. Different from the existing literature [87], the most
interesting result is that sustainability exploitation plays a mediating role in the relationship between
environmental regulation and financial performance, while sustainability exploration innovation does
not. These results are in accord with recent studies indicating that environmental regulation affects
financial performance via sustainable innovation [88]. Our findings further supported prior research,
which perceived that the effect of environmental regulation on financial performance not only depends
on different kinds of environment regulations, but also depends on different types of innovation [24,85].

(2) The meditating role of green dynamic capability in the relationship between environmental
regulation and financial performance. Our empirical results indicate that green dynamic capability
significantly mediates the link between environmental regulation and financial performance. As for
the mediating effect of green dynamic capability in the link between environmental regulation and
financial performance, our key findings confirm that green significantly mediates the relationship
between environmental regulation and financial performance. This provides empirical evidence for the
conceptual framework proposed by prior studies [33], that the mediating effect of some internal factors
should be considered in testing Porter Hypothesis, e.g., capability, slack resource, and environmental
strategy. Additionally, this study expands the dynamic capability literature by introducing green
dynamic capability into the framework of Porter Hypothesis.

(3) The multiple moderating effects of green dynamic capability and sustainable innovation.
The results present that environmental regulation can not only promote financial performance through
green dynamic capability and sustainability exploitation innovation, but also through green dynamic
capability and sustainability oriented learning. These results can support prior literature concerning
the complex interconnections among environmental regulation, technology innovation, and firm
performance [16,20,24]. Our findings confirm the conceptual framework proposed by [16,22] and
provide empirical evidence for strong vision of Porter Hypothesis. Different from the findings of [53,87],
that technology innovation induced by environmental regulation can lead to a higher firm performance,
our findings extend the Porter Hypothesis literature by revealing two possible paths to achieve the
strong Porter Hypothesis. Additionally, this study also extends prior research [24,55] by the mediating
effect of green dynamic capability in the relationship among environmental regulation, innovation,
and firm performance.

6. Conclusions

Drawing on the Dynamic Capability Theory and the Porter Hypothesis framework, this study
introduces a model that tends our knowledge regarding the relationship of environmental regulation
and financial performance with multiple mediations of green dynamic capability, and sustainable
innovation in manufacturing firms. The main results are as following:

(1) The indirect effect of environmental regulation on financial performance. The result of
the analysis of survey data from 355 respondents demonstrate that there is not a significant
link between environmental regulation and financial performance, but environmental regulation
indirectly affect financial performance via green dynamic capability and sustainability exploitation
innovation, respectively.

(2) The multiple mediating effect of green dynamic capability and sustainability
exploitation innovating. Our findings indicate that green dynamic capability and sustainability
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exploitation innovation subsequently mediated the link between environmental regulation and
financial performance.

(3) The multiple mediating effect of green dynamic capability and sustainability exploration
innovating. Environmental regulation also significantly affects financial performance partly through
green capability and sustainability exploration innovation. Our findings provide some intriguing
insights, especially when compared to the results of the existing literature.

6.1. Theoretical Implications

Our study makes contributions to the Porter Hypothesis literature in three ways. First,
we established a multiple mediating model involving environmental regulation, green dynamic
capability sustainability exploitation/exploration innovation, and financial performance together.
We provide a holistic view in the multiple indirect effects of environmental regulation on financial
performance through two types of sustainable innovation. Our findings indicated that strong
Porter Hypothesis not only depends different types of environmental regulations and industry
heterogeneity [89], but also depends on different types of sustainable innovation. These findings
provide an insight into the role of sustainability exploitation innovating in the implement of strong
Porter Hypothesis.

Second, our findings suggest that the strong vision of Porter Hypothesis not only depends on
different kind of environmental regulations and technology innovation, but is also related to internal
organization factors. The results of this study further enrich the research on green dynamic capability
by uncovering the mediating effect of green dynamic capability in the link between environmental
regulation and financial performance.

Third, prior studies related to the Porter Hypothesis have focused on the link between
environmental regulation and technology innovation, and neglected the effect of factors internal
to firms. This study enriches the literature by arguing the multiple mediating effects of green dynamic
capability and sustainability exploration/exploitation innovations on the link between environmental
regulation and financial performance. Our findings indicate that green dynamic capability respond the
internal and external model when organizations complying with the environmental regulations.

6.2. Practical Implications

The empirical evidences offer following implications for practitioners. We find the optimize way
innovation for firms to gain economic output. Environmental regulation will bring firms the actual
development risks, and at the same time, low dynamic capability is likely to result in lack of competitive
edge for firms [90]. With the rapid development of China’s economy, environmental regulation not only
directly affects sustainable innovation, but also sets up an invisible “access standards” for firms’ green
dynamic capability. It can be seen that the green dynamic capability play an important effect in the
mechanism of environmental regulation. As small and medium-sized firms, organizing sustainability
exploitation innovation activities may lead to more efficient innovation benefits, e.g., leasing innovative
equipment and outsourcing innovative production. By contrast, for innovative firms, it is clear that
perfecting their organizational structure will gain first priority. They can implement exploration
innovation practices on the basis of maintaining a certain level of sustainability exploitation innovation,
e.g., the production innovation, human resource cultivation, and management model innovation.

When it comes to government measures, we provide theoretical suggestions to high-quality
development in line with Chinese manufacturing firms. Properly transmitting information to firms
benefit firms to identify opportunities, control risks, and orchestrate relevant resources. At the same
time, governments need to coordinate regulatory systems and enhance sustainability exploitation
innovation models, including leasing systems and outsourcing systems. In that case, it will be easier to
maintain the fairness and competitiveness of activities related to sustainability exploitation innovation.
Most importantly, the government had better encourage firms towards sustainability exploration
innovation appropriately, since it may be helpful to organizations” long-term goals [51].
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As an inevitable element when analyzing the internal influence mechanism of environmental
regulation, green dynamic capability portray firms’ original capability react to the environmental
policies. The results of this study point out green dynamic capability take an important part in the
relationship between environmental regulation and firm performance. First, the high level of green
dynamic capability of firms directly facilitates the financial performance, for the reason that firms are
able to rapidly make risk identification, capital control, and market monitoring. Second, environmental
regulation improves the efficiency of the organization’s management pattern by changing the internal
structure of the organization. Finally, the environmental regulation affects the internal organizational
structure through changes in external market environments and innovative activities in the internal
organizations, which contributes to efficient production lines and new products. The process enhances
the reputation of firms to a certain extent, and contributes to high financial performance of firms [91,92].

With respect to sustainable innovation, it is found that sustainability exploitation innovation is more
in line with the current trend of Chinese manufacturing firms than sustainability exploration innovation.
It means that firms prefer to improve their performance by purchasing patents, and outsourcing
production. This is because that the success rate of exploratory product innovation is relatively
low along with high financial risks, so most firms that have difficulty transforming exploration
innovation avoid radical innovation to reduce potential economic lose. At the same time, sustainability
exploitation innovation and green dynamic capability have a multiple mediating effect on the link
between environmental regulation and financial performance, since the government’s requirements
for high-quality development affect the capability of firms to perceive opportunities, control resource
structure, and reconfigure resources, thus changing the innovation model. In terms of sustainability
exploration innovation, sustainability-oriented learning plays a more obvious effect than sustainable
product and process development. We also find the intermediary effect of sustainable product and
process innovation is insignificant, thus, firms prefer to adopt sustainability exploitation innovation
and sustainable orientation innovation to create innovative value. Accordingly, firms need to carry out
more sustainable learning activities when resources are limited.

6.3. Limitation and Future Research

There are some limitations in this study which need to be further explored. First, this study
only gives insight into the performance of firms at a certain point in time, since it is much more
complex to collect long-term and stable firm data. In order to explore the long-term rewards of
sustainability exploitation innovation, future research should be analyzed in long-term scenarios.
Second, there may be different types of environmental regulation, e.g., mandatory and voluntary
regulations, and it is preferable to investigate the different functions of them on green dynamic
capability and sustainable innovation activities. Additionally, this study explored the effect of
environmental regulation on financial performance via green dynamic capability, and sustainable
innovation using the data sets were obtained through questionnaires. This leads to the lack of
consideration of objective indicators. Therefore, future studies should be replicated by using the
objective measurement methods of financial performance (e.g., ROA, profits, Tobin’s Q) and innovation
performance (e.g., patents, R&D input, and R&D personnel) to explore the effect different types of
environmental regulations on financial performance. Third, this study takes 355 manufacturing firms
as a sample and tests the inherent mechanism of environmental regulation, green dynamic capability,
sustainability exploration/exploitation innovation, and financial performance. It is worthwhile to
identify the universality in other industrials. Finally, the existing literature has confirmed the important
role of some internal dynamics (e.g., social responsibility, stakeholder pressure) in promoting the
implement of sustainable innovation and improving financial performance. Therefore, future research
can properly explore how to introduce these internal dynamics into the framework of Porter Hypothesis
to explore potential channels to achieve sustainable development.
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