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Abstract: In the 2018 Global Environmental Performance Index, China’s global air quality rank was
fourth from last, indicating a more pronounced conflict between the environment and development
compared with other countries. Because of the vastness of China’s land area, the development of
different regions is imbalanced. The achievement of the stipulated goal to be among the top innovative
countries in the world by 2035 not only depends on the economically developed eastern part of
China but also on the relatively economically underdeveloped central, western, and northeastern
parts. In this context, this paper uses time-varying qualitative comparative analysis to explore how
the coupling paths of environmental regulation affect regional innovation. The results show that:
(1) In most cases at the overall level of China, the Porter hypothesis is supported, and environmental
regulation can play the role of a “booster” and stimulate regional innovation. In a few cases, however,
the Porter hypothesis is not supported. (2) The Porter hypothesis is also supported in most cases at
the regional level, where environmental regulation is mostly a “booster” for regional innovation in the
east, center, west, and northeast. (3) Comparison of regional heterogeneity shows that environmental
regulation is more important for stimulating regional innovation in the east than in the center, west,
and northeast. This study helps to identify the role of environmental regulation in regional innovation.
Moreover, it also helps to understand the emphasis China placed on environmental management
during the early stages of its economic development.

Keywords: environmental regulation; Porter hypothesis; coupling path; qualitative comparative
analysis; QCA; TQCA; configuration; SDGs

1. Introduction

Whether environmental regulation can stimulate innovation in developing countries
has been one of the hot topics among researchers in resource and environmental economics
over the past two decades. Neoclassical economists argued that environmental regulation
acts as a cost burden for firms and inhibits innovation [1,2]. However, scholars such as
Porter argued that reasonable and appropriate environmental regulation could stimulate
firm innovation [3], a view known as the Porter hypothesis or the win-win hypothesis [4].
Since then, scholars have conducted studies testing the validity of the Porter hypothesis
at the micro-firm level; however, a consensus has not been reached [5,6]. Chan et al. [7]
supported the Porter hypothesis with evidence from firms, showing that environmental
pressure promoted corporate green innovation. Tang et al. [8] discovered that environ-
mental regulation negatively impacted the efficiency of green enterprise innovation. In
the context of global climate change, strengthening environmental regulation is an im-
portant tool to achieve sustainable development [9]. According to the Porter hypothesis,
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environmental regulation facilitates improved economic and environmental performance
and promotes corporate innovation [10], achieving a win-win situation for both the econ-
omy and the environment, which is the core idea of the Porter hypothesis. Appropriate
environmental regulation offsets the losses from environmental regulations by stimulating
firm innovation with increased profitability [11,12]. Innovation triggered by strict and
flexible environmental regulations will also translate into regional and national competi-
tiveness [13].

Recently, research on the Porter hypothesis has begun to expand onto the regional level.
Related research showed that environmental regulation can promote regional innovation
and that the Porter hypothesis can be valid at the regional level [14]. It has also been
found that the Porter hypothesis is only supported in eastern China, but neither in central
nor in western China [15]. In contrast, from carbon emissions trading pilot perspective,
Nie et al. [16] found that the Porter effect cannot exist at the regional level in China. In
summary, it remains uncertain whether the Porter hypothesis can be applied to China and
its different regions, and the mechanisms underlying the pathways toward achieving the
Porter hypothesis need to be identified. Furthermore, whether environmental regulation
acts as a “booster” or “stumbling block” in the path to regional innovation in the largest
developing country also needs to be clarified.

From a practical perspective, in the early stage of industrialization of western de-
veloped countries, the contradiction between economic development and environmental
protection manifested in a “pollute first, treat later” approach [17]. However, in the past
40 years since the reform and opening up, the Chinese government has elevated environ-
mental issues to the same level of importance as economic development, despite the weak
level of industrialization. Prominent examples are the Environmental Protection Law of the
People’s Republic of China of 1989, the declaration of war on pollution of 2014 [18], and
the Central Environmental Protection Inspection of 2016 [19]. In contrast to the western
pattern of “pollute first, treat later” in the early stages of economic development, it remains
to be seen whether it is effective for the world’s largest developing country to weigh the
contradiction between environment and development. In order to achieve a win-win
between both economic development and environmental governance, this paper provides
insight into whether emerging developing countries need to adopt strict environmental
regulation in their early stages of industrialization.

In order to address the above questions, this paper explores the causal and complex
solutions between environmental regulation and regional innovation by using qualitative
comparative analysis (QCA) [20,21]. The main contributions of this study are listed in
the following:

• First, this paper shows whether the Porter hypothesis is applicable to the world’s
largest developing country from a macro-regional perspective. This further enriches
the study of the Porter hypothesis at the macro level from a theoretical perspective.

• Secondly, considering causal complexity, with the more applicable research method
(time-varying QCA (TQCA)), this paper assesses whether a pattern that differs from
“pollute first, treat later” is effective.

• Thirdly, by exploring the pathways to achieve the Porter hypothesis in more and less
economically developed regions of China, this paper identifies a remedy for inducing
a win-win for both the environment and development.

This paper is organized as follows: Section 2 presents a review of relevant literature.
Section 3 presents the research methodology, which focuses on the adaptation of QCA and
of TQCA to the research design of this paper. Furthermore, the configuration variables are
also presented, and the data is described. Section 4 presents the results of the main empirical
analysis of the study, including calibration, necessary condition detection, and coupling
path analysis. Section 5 presents regional heterogeneity analysis. Section 6 presents a
pertinent discussion, summarizes the paper, suggests countermeasures, and presents future
research prospects.
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2. Literature Review

Regional innovation is not only the key to transforming economic growth but also
an important choice for promoting innovation-driven development. Previous studies on
regional innovation can be broadly divided into two aspects: those focusing on the re-
gional innovation system [22–24] and those exploring the relationship between regional
innovation and other factors [25]. In this context, a regional innovation system refers to
the operating network or mechanism formed by the interaction of innovation subjects
based on innovation inputs in a specific geographical area [26]. The improvement of the
regional innovation system mainly includes universities, enterprises, the government,
and the innovation environment [27]. Many factors affect regional innovation, mainly
including market-oriented factors [28], spatial factors [29,30], and industrial factors [31].
With increasing resource and environmental constraints, technological innovation for op-
timizing industrial structure and energy conservation and emission reduction began to
receive increasing attention [32]. It has been shown that technological innovation promotes
regional green and sustainable development [33]. Based on the regional innovation envi-
ronment perspective, Wang et al. [34] showed that the policies of wind power companies
largely compensate for the “market failure” in areas with weak innovation environments.
Li et al. [35] explored the moderating effect of regional factors on the green development of
innovation and found that innovation promoted the green development of the industry. In
summary, the above studies explore the impact of technological innovation on the envi-
ronment from a regional perspective, but whether environmental factors exert an impact
on regional innovation remains to be explored. If yes, it should be identified whether this
impact promotes or inhibits regional innovation, or whether there is no linkage. Further
elucidating the impact of environmental factors on regional innovation provides a useful
theoretical contribution.

Since the Porter hypothesis was proposed, academics have mostly explored the linear
relationship between environmental regulation and innovation, basically agreeing on the
three relationships of promotion, inhibition, and lack of any relationship. Neoclassical
economics argues that environmental regulation raises firms’ production costs, reduces
their competitiveness, and negatively affects their profitability. This view argues that
the inflexibility of environmental regulation policies inhibits firm innovation [36]. High
spending on pollution abatement because of compliance with environmental regulations
reduces firms’ innovative activities [37], and the disincentive is especially pronounced
in small and medium-sized firms, causing them to choose output reduction rather than
increasing technological innovation to achieve abatement goals [38]. However, proponents
of the Porter hypothesis argue that the restrictions environmental regulation imposes on
pollution emissions have pushed firms towards green transformation, thus increasing
the number of green patents and promoting technological progress rather than inhibiting
it [39]. As environmental regulation deepens, the increasing technological innovation
capacity will offset its cost of reducing pollution emissions and treatment, yielding a
compensating effect [40]. Environmental regulation promotes the integration of enterprise
cost management and the ascension and adjustment of the industrial structure, which
improves profitability [41]. This improves corporate performance and competitiveness in
the long run.

Regarding research methods, regression and difference in difference (DID) are com-
monly used linear analysis tools. For example, based on manufacturing firm data and
regression, Zhang [42] showed that green credit environmental regulation policies in-
creased firm green productivity, thus supporting the Porter hypothesis. A similar study
using propensity score matching-DID found that the newly revised Environmental Protec-
tion Law promotes the profitability of listed companies [41]. DID was also used to assess
the effect of China’s carbon emissions trading system on green development efficiency and
regional carbon equality, the results of which also supported the Porter hypothesis [43].
However, further evidence suggested that the Porter hypothesis was not validated. When
using DID method, the impact of China’s carbon emissions trading pilot policy on firms’



Sustainability 2022, 14, 2876 4 of 20

green innovation was explored, which was found to significantly inhibit innovation [38].
Nie et al. [16] constructed a quasi-natural experiment using China’s carbon emissions
trading pilot policy and found that environmental regulation failed to stimulate regional
Porter effects.

Considering the complexity and diversity of the real environment, merely adopting
linear analysis (as completed by the above-mentioned studies) is insufficient, and therefore,
nonlinear analysis with the goal to test the Porter hypothesis began to receive attention.
Based on mediation and moderation analyses, environmental regulation on green innova-
tion behavior was investigated, which supported the Porter hypothesis [44]. When using
moderation analysis, green innovation was found to enhance the competitive advantage
of manufacturing firms, which also supported the Porter hypothesis [45]. When using
a dynamic panel, Porter effects were found between governmental green environmental
concerns and firms’ actual investment [46]. However, it is worth noting that both mediation
and moderation analysis or dynamic panel only guarantee local nonlinearity for limited
variables (two or three), but not all relevant variables are nonlinearly coupled. From a
theory perspective, using more adapted nonlinear research tools can validate and expand
the theoretical scope of the Porter hypothesis. From a practical perspective, identifying cou-
pling paths under a nonlinear perspective can meet the needs of real-world policy-making,
thus better providing ideas for other developing countries.

In conclusion, previous studies have mainly focused on environmental regulation
and firm innovation, while the effects of environmental regulation on regional innovation
have rarely been explored. In terms of research methodology, previous studies mainly
used regression analysis based on a “net effect” perspective to verify the linear relation-
ship between environmental regulation and firm innovation while ignoring the nonlinear
relationship and the coupling mechanism of the Porter hypothesis. In considering these
shortcomings, this paper uses TQCA to explore whether the Porter hypothesis is valid in
China as a whole and in each region, as well as the coupling path between environmental
regulation and regional innovation.

3. Methods
3.1. QCA and Time-Varying QCA

QCA (also known as configuration analysis) is based on Boolean algebraic set theory.
It is both a research method and research paradigm that was invented in the 1980s, incor-
porating both quantitative and qualitative approaches [47]. The basic concept of QCA is to
explore how multiple factors affect the dependent variable under different combinations of
conditions from a multi-factor coupling perspective. The core assumption of QCA is the
assumption of asymmetry, which enables the analysis of different combinations of causes
that lead to the generation of outcomes.

The main reasons why QCA is appropriate for this research are summarized in the
following: First, QCA can be effectively used to analyze the multiple concurrent (con-
figuration) effects of both the core explanatory variables and other factors (three to nine
factors) acting together on the outcome. This is an advantage over the traditional “net
effect” thinking of linear analysis. Second, although previous research methods could also
be used to explore how the influencing factors act together on the outcome (e.g., latent
class analysis and structural equation modeling), these traditional methods of quantita-
tive analysis cannot effectively identify the interdependence, group coupling, and causal
asymmetry among variables. Recently, a paper applying QCA has also appeared in the top
international environmental research journal Nature Climate Change [48], indicating that
QCA is being recognized by more international researchers.

QCA is generally classified into fuzzy sets QCA, crisp sets QCA, and multi-valued sets
QCA. QCA is mostly applied to cross-sectional data, while it is less applied to panel data
and time-series data [49,50]. To apply QCA to the panel and time-series data, TQCA was
developed [51]. TQCA is a collective name for a series of QCAs dealing with time effects,
mainly including fixed effects QCA (FEQCA), pooled QCA (PQCA), and time differencing
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QCA (TDQCA). This paper uses FEQCA for empirical analysis to deal with the effects of
non-time-varying factors in panel data through fixed effects (i.e., within-group decentering).
After processing the time effects, calibration, necessary condition analysis, and coupling
path analysis were conducted in fsQCA 3.0 software using fuzzy sets.

3.2. Configuration Variables

Figure 1 presents the logical framework constructed by this QCA study, including
the core configuration variables of interest, research methodology, causal complexity, and
regional heterogeneity. The core configuration variables of interest are environmental
regulation and regional innovation. The research methodology is an improved TQCA
with a temporal dimension. Causal complexity focuses on the asymmetric combination of
pathways through which environmental regulation either promotes or inhibits regional
innovation. Regional heterogeneity explores the differences between the traditionally
developed (east) and less developed (center, west, and northeast) economies of China.
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The selection of configuration variables depends on two aspects: the realistic con-
text of regional innovation in China and theoretical support from the literature. First,
Chinese provincial innovation is the result of a complex multi-factor coupling involving
environmental factors, foreign investment, governmental investment, tertiary industry,
marketization level, human capital, and infrastructure. Second, by referring to the classical
literature on the Porter hypothesis study, configuration variables are specifically selected
based on the following.
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Regional innovation (RI): Regional innovation is an important indicator of the output
function of knowledge production is patents [52] and has thus become a classic indicator of
innovation research [53–56]. Patents provide a basis for regional technological knowledge
assessment and are an important tool for analyzing regional technological areas, detecting
technologically competitive advantages, and knowledge reorganization [57]. The increase
in the number of patents in a region promotes regional innovation and reflects the level
of regional innovation [58,59]. Patent-related indicators are also often used in technology
specialization strategies for policy formulation [60]. The present paper uses the number of
patents granted to industrial firms as a measure of regional innovation. This variable is
logarithmically transformed and included in the QCA analysis model, and the remainder
of the variables is also transformed logarithmically if not otherwise specified.

Environmental regulation (ER): Investment in pollution treatment projects is necessary
to offset the environmental impact caused by industrial pollution emissions [61]. Most
academics represent environmental regulation through the costs incurred by environmental
treatment; therefore, the volume of pollution treatment investment is widely used as a
measure of the intensity of environmental regulation [15,16]. The present paper uses
the volume of a completed investment in industrial pollution control as a measure of
environmental regulation.

Foreign investment in total social fixed assets (FDI): Since the reform and opening
up, the opening to the outside world has continually increased. As a response, foreign
investment has driven local economic development and progress in science and technology
innovation. Empirical evidence showed that foreign investment exerts a significant positive
impact on regional innovation [62] and that foreign investment can promote innovation
performance in host countries [63]. The increasing level of regional innovation has also
further attracted foreign investment [64]. In recent years, foreign investment has con-
tributed to the development of emerging economies [63], and the resulting spatial and
knowledge spillovers have provided a dynamic environment for regional innovation [65].
The present paper uses the share of foreign investment of the total social fixed assets as a
configuration variable.

Governmental science and technology expenditure (GSTE): Governmental financial
spending plays an important role in regional innovation systems [66]. Government fi-
nancing has promoted independent and external collaborative R&D [67], especially in
emerging industries, where the stimulating effect of government support is greater [68].
Studies have shown that government-funded R&D activities stimulate producers’ inno-
vative behavior [69], improve firms’ innovation performance [70], and promote the level
of technological innovation in the industry [71,72]. The present paper uses governmental
science and technology expenditures as a configuration variable.

The value added to the tertiary industry (VATI): Development of the tertiary industry
can expand clean production and optimize the green industrial structure [73]. The structural
upgrading of the tertiary industry is conducive to achieving a “win-win” situation in terms
of environmental improvement and economic development [74]. This paper uses the
value added by the tertiary industry as an indication of the degree of optimization of the
industrial structure. In reference to an established empirical study [75], the value added to
the tertiary industry is used as a configuration variable.

Marketization level (ML): Market competition drives innovation agents to adjust
innovation inputs and change incentive systems; this, in turn, affects the conditions and
outputs of regional innovation. The level of marketization positively impacts technological
progress, thus promoting industrial synergies and enhancing eco-efficiency [76,77]. In the
present paper, the level of marketization is considered as a configuration variable and is
measured using the marketization index [78].

Human capital (HC): Human capital is the driving force of all innovation and techno-
logical activities and has thus become an important influencing factor of environmental
regulation and technological progress [79]. The enhancement of human capital can induce
the innovation compensation effect of environmental regulation [80] and even increase
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green total factor productivity [81]. The present paper uses real human capital, as measured
by the Central University of Finance and Economics [82], as a configuration variable.

Infrastructure level (IL): Infrastructure development is closely related to economic de-
velopment and environmental policies [83] and influences the regional transfer of pollution-
intensive industries [84]. The present paper uses the length of long-distance fiber optic
cable lines in each province as a measure of the level of infrastructure.

Technology contract turnover (TCT): Technology market turnover reflects the activity
of enterprise technological innovation and the promotion of regional technological innova-
tion. The transfer and exchange of intellectual property rights between firms is the driving
force of regional innovation and increases the probability that innovation is successful [85].
The present paper uses technology contract turnover as a configuration variable.

GDP per capita (PGDP): Empirical evidence suggested that a statistically significant
relationship between GDP per capita and innovation has been identified [86]. Therefore,
the present paper considers GDP per capita as a configuration variable.

3.3. Data

This study is mainly based on balanced panel data from 2003 to 2017 for 30 Chinese
provinces and territories (excluding Tibet, Hong Kong, Macau, and Taiwan, because of
missing values). Except for human capital data, which was obtained from the China
Research Center for Human Capital and Labor Economics, the remainder of the data were
obtained from the National Bureau of Statistics of China, the statistical yearbooks of each
province and region, and the EPS database. Very few missing values were interpolated
using the Monte Carlo method to perform multiple interpolations. Table 1 shows the
descriptive statistical information of variables, including observations, means, standard
deviations, minimum values, maximum values, and units.

Table 1. Descriptive statistics of variables.

N Mean Standard Deviation Min Max Unit

RI 450 8.990 1.650 4.250 12.710 Item
ER 450 2.490 1.060 −1.660 4.950 100 million yuan
FDI 450 4.770 1.480 −1.560 7.820 100 million yuan

GSTE 450 3.360 1.270 −0.020 6.710 100 million yuan
VATI 450 8.280 1.100 4.930 10.780 100 million yuan
ML 450 1.810 0.310 0.860 2.410 \
HC 450 8.660 0.880 5.910 10.280 One billion yuan
IL 450 9.930 0.880 6.430 11.260 Kilometer

TCT 450 12.880 1.790 7.540 17.620 Ten thousand yuan
PGDP 450 10.230 0.730 8.190 11.770 Yuan

Notes: All variables are transformed logarithmically.

4. Results
4.1. Calibration

In QCA analysis, combinations of different independent variables with dependent
variables are considered as sets, and each observation has a corresponding affiliation within
the set. Calibration refers to the process of assigning affiliations to observations in the
set [87]. According to the operational requirements of FEQCA, after the original data had
been decentered, three calibration points were selected by direct calibration using fuzzy
sets, which are full in at the 75% quantile, crossover at the 50% quantile, and full out at the
25% quantile. These three calibration points were selected based on the data distribution
characteristics so that the calibrated data is balanced around the 50th percentile as much as
possible. The calibration results for both fully affiliated and fully unaffiliated calibration
points shifted up and down by the 5% quantile are also reported in Table 2.
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Table 2. Calibration table.

N Min Max 20%
Quantile

25%
Quantile

30%
Quantile

50%
Quantile

70%
Quantile

75%
Quantile

80%
Quantile

RI 450 −2.870 2.260 −0.868 −0.690 −0.539 0.010 0.575 0.730 0.889
ER 450 −3.910 2.320 −0.699 −0.540 −0.345 0.090 0.505 0.640 0.781
FDI 450 −4.270 2.050 −0.925 −0.650 −0.475 0.160 0.639 0.720 0.871

GSTE 450 −2.670 2.650 −0.840 −0.700 −0.589 −0.010 0.525 0.680 0.835
VATI 450 −3.040 2.260 −0.842 −0.630 −0.491 0.090 0.563 0.690 0.832
ML 450 −3.080 1.960 −0.763 −0.620 −0.435 0.070 0.562 0.700 0.877
HC 450 −3.110 1.830 −0.635 −0.450 −0.320 0.080 0.551 0.690 0.844
IL 450 −3.990 1.520 −0.683 −0.130 0.035 0.340 0.559 0.620 0.665

TCT 450 −2.990 2.650 −0.778 −0.620 −0.469 0.050 0.469 0.590 0.814
PGDP 450 −2.800 2.110 −0.943 −0.740 −0.513 0.170 0.577 0.700 0.840

Notes: One. The data in the calibration table are variables after decentering. Two. If the affiliation of the calibrated
observations is 0.5, this means that this part of the data will not be simplified by Boolean algebra. According to
the principle of data balance, this part of the data is processed by increasing or decreasing by 0.01 [88]. In this
paper, 0.501 was chosen to replace 0.5 according to the characteristics of the data distribution.

4.2. Necessary Condition Testing

Consistency and coverage are important terms of the necessary condition test. Consis-
tency refers to the sufficiency of the independent variable for the dependent variable, and
coverage refers to the uniqueness of the independent variable for the dependent variable;
this is similar to the goodness-of-fit R2 measure of the econometric model. The calibrated
necessity test showed that both GSTE and VATI exceed the critical value of necessity of
0.9, as shown in Table 3. This implies that increasing GSTE and VATI may be necessary
conditions for enhancing regional innovation. This implies that a bottleneck effect exists in
the path of enhancing regional innovation and that regional innovation cannot be enhanced
without simultaneously focusing on GSTE and VATI. The necessary conditions for lowering
regional innovation are tested, which showed that the decrease in GSTE (~GSTE) and the
decrease in VATI (~VATI) are necessary conditions for lowering regional innovation. The
bottleneck effect exists for the path of lowering regional innovation.

Table 3. Necessary condition testing.

Enhancing Regional Innovation Reducing Regional Innovation

Consistency Coverage Consistency Coverage

ER 0.723 0.713 0.400 0.397
~ER 0.388 0.391 0.711 0.721
FDI 0.855 0.850 0.274 0.274

~FDI 0.270 0.270 0.850 0.855
GSTE 0.911 0.904 0.258 0.257

~GSTE 0.251 0.252 0.904 0.911
VATI 0.923 0.915 0.253 0.252

~VATI 0.245 0.246 0.915 0.923
ML 0.795 0.790 0.317 0.317

~ML 0.313 0.313 0.790 0.795
HC 0.845 0.838 0.295 0.294

~HC 0.288 0.289 0.837 0.845
IL 0.601 0.597 0.491 0.491

~IL 0.488 0.488 0.597 0.601
TCT 0.842 0.834 0.285 0.284

~TCT 0.278 0.279 0.834 0.841
PGDP 0.806 0.802 0.320 0.320

~PGDP 0.316 0.316 0.802 0.806
Notes: ER indicates high-intensity environmental regulation and ~ER indicates low-intensity environmental
regulation. The remaining variables can be similarly interpreted.
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4.3. Coupling Path Analysis

QCA analysis can identify three types of solutions: Complex solutions, parsimonious
solutions, and intermediate solutions, each of which represents a coupling path. The
specific definitions of the three types of solutions can be found in the classic book on
QCA [47]. QCA analysis focuses on intermediate solutions and combines parsimonious
solutions to distinguish core conditions from periphery conditions.

A frequency of three was selected in fsQCA 3.0, and at least 75% of the data were
retained. The consistency exceeded 0.8, resulting in 12 paths to enhance regional innovation,
as detailed in Table 4. The overall consistency was 0.974, indicating that 97.4% of all
observations in all paths could enhance regional innovation. The total coverage is 0.750,
indicating that among all paths, the selected variables can explain 75.0% of the paths that
enhance regional innovation. The overall consistency of QCA analysis exceeded the critical
value of 0.75, implying that this QCA analysis is valid.

Table 4. Coupling path to enhance regional innovation.

Solutions

1 2 3 4 5 6 7 8 9 10 11 12

ER Ӣ ӯ ӯ ӯ ӯ Ӣ ӯ ӯ ӯ
FDI Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ ӣ ӣ

GSTE Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ
VATI Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ
ML Ӯ Ӯ Ӯ ӣ Ӯ Ӯ Ӯ ӣ Ӯ ӣ Ӯ
HC ӣ ӣ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ ӣ
IL ӣ ӣ ӣ ӯ ӯ ӯ ӯ ӣ ӯ ӯ

TCT Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ Ӯ
PGDP Ӯ Ӯ Ӯ Ӯ Ӯ ӣ ӣ Ӯ Ӯ

Raw coverage 0.104 0.122 0.308 0.153 0.369 0.449 0.369 0.527 0.080 0.093 0.098 0.044
Unique coverage 0.016 0.012 0.004 0.019 0.022 0.018 0.014 0.016 0.011 0.007 0.003 0.005

Consistency 0.942 0.975 0.998 0.978 0.994 1.000 0.997 0.999 0.940 0.977 0.985 0.992
Overall

consistency 0.974

Overall coverage 0.750

Notes: 1. Ӯ indicates the presence of a core condition; i.e., the higher the strength of this variable, the stronger its
contribution to the results. 2. Ӣ denotes the absence of a core condition, implying that a lower strength of this
variable, leads to a stronger contribution to the outcome. 3. ӯ indicates the presence of a periphery condition,
meaning that the higher the strength of this variable, the stronger the contribution to the outcome; however, this
contribution is lower than the contribution from the presence of the core condition (Ӯ). 4. ӣ denotes the absence of
the periphery condition, meaning that the lower the strength of this variable, the stronger the contribution to the
outcome; however, this contribution is lower than the contribution from the absence of the core condition (Ӣ).
Blank spaces indicate “irrelevant.”.

4.4. Analysis of Coupling Path to Enhance Regional Innovation

As shown in Table 4, 12 coupling paths enhance regional innovation. In solutions 4,
5, 6, 7, 10, 11, and 12, the increase in the intensity of environmental regulation leads to an
increase in regional innovation; therefore, this mechanism of environmental regulation
in regional innovation was identified as “booster”. In solutions 1 and 9, the decrease
in the intensity of environmental regulation leads to an increase in regional innovation;
therefore, this mechanism of the role of environmental regulation in regional innovation
was identified as “stumbling block”. In solutions 2, 3, and 8, the increase in the intensity of
environmental regulation is optional for the improvement of regional innovation; there-
fore, this mechanism of environmental regulation in regional innovation was identified
as “irrelevant”. This suggests that in most coupling paths, an increase in the intensity of
environmental regulation plays the role of “booster” and enhances regional innovation. In
most cases, the Porter hypothesis is supported for China as a whole. Since this paper is
mainly based on the theoretical framework of the Porter hypothesis, the pathway mecha-
nism of enhancing regional innovation is examined from the perspective of environmental
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regulation. Therefore, according to the presence or absence of environmental regulation
as a core or peripheral condition in different paths, a mechanism map of environmental
regulation for regional innovation is generated, as shown in Figure 2.
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The following solutions are specifically interpreted for the “booster” type. For example,
solution 4 indicates that when environmental regulation is high, it is accompanied by very
high governmental spending on science and technology, the value added to the tertiary
sector, human capital, technology contract turnover, and high levels of infrastructure.
Despite the low level of marketization, it is still conducive to enhancing regional innovation.
Solution 5 indicates that when environmental regulation is high, a combination of very
high foreign investment, governmental science, and technology spending, the value added
to the tertiary sector, marketization level, human capital, and a high level of infrastructure
are all conducive to enhancing regional innovation. Other solutions are explained similarly.

In summary, environmental regulation can play a role as both “booster”, “stumbling
block”, or be “irrelevant” for the mechanism that triggers the Porter effect. In most cases,
the Porter hypothesis is supported for China as a whole, i.e., environmental regulation can
promote regional innovation and play the role of “booster”. Only in relatively few cases
the Porter hypothesis is not supported, which plays the role of “stumbling block”. In short,
multiple coupling paths of environmental regulation can achieve the role of “booster”, and
the realization of the Porter hypothesis in China as a whole is characterized by “all roads
lead to Rome”.

4.5. Analysis of Coupling Paths to Reduce Regional Innovation

Based on the asymmetry assumption of QCA, Table 5 shows that 11 coupling paths
hinder regional innovation. In solutions 2, 3, 5, 7, and 8, a decrease in the intensity of
environmental regulation leads to a decrease in regional innovation. Even in the asym-
metry hypothesis, environmental regulation and regional innovation represent the same
direction of variation, which reflects the importance of environmental regulation for en-
hancing regional innovation. Therefore, this mechanism of environmental regulation in
regional innovation is identified as a “booster”. In solutions 6, 9, 10, and 11, an increase
in the intensity of environmental regulation leads to a decrease in regional innovation; as
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environmental regulation plays a role in inhibiting regional innovation, this mechanism of
environmental regulation in regional innovation is identified as a “stumbling block”. In
solutions 1 and 4, the increase in the intensity of environmental regulation is not relevant
to the improvement of regional innovation; therefore, the mechanism of environmental
regulation in regional innovation is identified as “irrelevant”. This suggests that in most
coupling paths, a decrease in the intensity of environmental regulation hinders regional
innovation to a certain extent, thus reflecting the importance of environmental regulation
for promoting regional innovation. In most cases, the Porter hypothesis is supported for
China as a whole. The mechanism map of environmental regulation for regional innovation
under the asymmetry is shown in Figure 3.

The following solutions are interpreted specifically for the “booster” type. Solution 2 in-
dicates that when environmental regulation is insufficient, foreign investment, governmen-
tal science, and technology expenditure, the value added to the tertiary industry, technology
contract turnover, GDP per capita, and infrastructure level are insufficient, which decreases
regional innovation. Solution 3 indicates that when environmental regulation is insufficient,
in addition to foreign investment, governmental science, and technology expenditure, the
value added to the tertiary industry, technology contract turnover, human capital, and in-
frastructure level are also insufficient, which decreases regional innovation. Other solutions
are explained similarly.

When considering this asymmetry, the inadequacy of environmental regulation in
most paths will lead to a reduction in regional innovation. This shows that environmental
regulation is mainly a “booster”, and the Porter hypothesis is supported for China as a
whole. In a few paths, environmental regulation plays the role of a “stumbling block” or
is “irrelevant”.

Table 5. Reducing paths to enhance regional innovation.

Solutions

1 2 3 4 5 6 7 8 9 10 11

ER ӣ ӣ ӣ Ӯ ӣ ӣ Ӯ Ӯ Ӯ
FDI Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ ӯ ӯ Ӣ ӯ

GSTE Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ
VATI Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ
ML Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ ӯ ӯ ӯ
HC ӣ ӣ ӣ ӣ ӣ ӯ ӯ ӣ ӯ ӣ
IL ӣ ӣ ӣ ӯ ӯ ӯ ӣ ӯ ӣ

TCT Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ Ӣ ӯ
PGDP Ӣ Ӣ ӯ Ӣ Ӣ Ӣ Ӣ ӯ

Raw coverage 0.551 0.325 0.333 0.287 0.263 0.101 0.108 0.082 0.057 0.071 0.049
Unique coverage 0.061 0.021 0.007 0.013 0.010 0.034 0.013 0.014 0.011 0.018 0.016

Consistency 0.998 0.996 0.997 0.988 0.990 0.970 0.986 0.965 0.992 0.987 0.947
Overall

consistency 0.982

Overall coverage 0.770

Notes: 1. Ӯ indicates the presence of a core condition; i.e., the higher the strength of this variable, the stronger its
contribution to the results. 2. Ӣ denotes the absence of a core condition, implying that a lower strength of this
variable, leads to a stronger contribution to the outcome. 3. ӯ indicates the presence of a periphery condition,
meaning that the higher the strength of this variable, the stronger the contribution to the outcome; however, this
contribution is lower than the contribution from the presence of the core condition (Ӯ). 4. ӣ denotes the absence of
the periphery condition, meaning that the lower the strength of this variable, the stronger the contribution to the
outcome; however, this contribution is lower than the contribution from the absence of the core condition (Ӣ).
Blank spaces indicate “irrelevant.”.
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4.6. Robustness Checks

Calibration anchor points were adjusted to test the sensitivity of the results. First,
the fully unaffiliated calibration anchor point was adjusted by 25% to 30%, and the fully
affiliated calibration anchor point was adjusted by 75% to 80%; then, a consistency of
0.8 and a frequency of three were chosen for Boolean algebraic simplification. Following
the same steps, the above operation was repeated after shifting the calibration point down
by 5%. After adjusting the calibration anchor points, both the number of paths that enhance
regional innovation and the number of paths that hinder regional innovation remain
unchanged (see Tables S1–S4 in Supplementary Materials). The role of environmental
regulation remains unchanged. This implies that the adjustment of calibration anchors
does not substantially affect the findings, and the empirical analysis is robust.

5. Regional Heterogeneity Analysis

The economic development and resource endowment of each province in China show
large heterogeneity [89], and the overall analysis findings may not be applicable for the
specific situation of each region; therefore, it is necessary to explore TQCA for each region.
In this paper, China is divided into four regions: east, central, west, and northeast (Specific
regional divisions are presented in the following: Eastern: Beijing, Tianjin, Hebei, Shanghai,
Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. Central: Anhui, Jiangxi,
Henan, Hubei, Hunan, and Shanxi. Western: Sichuan, Chongqing, Guizhou, Yunnan,
Shaanxi, Gansu, Ningxia, Qinghai, Xinjiang, Inner Mongolia, and Guangxi. Northeast:
Heilongjiang, Jilin, and Liaoning).

The results of the TQCA analysis show that there are seven paths that enhance regional
innovation in the east, 15 paths that enhance regional innovation in the central region,
11 paths that enhance regional innovation in the west, and 5 paths that enhance regional
innovation in the northeast. In order to facilitate the comparison of regional heterogeneity,
the “mechanism map of environmental regulation for regional innovation in different
regions” (Both Figures 4 and 5 only show the “booster” and “stumbling block” paths,
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while “irrelevant” paths have been omitted.) (see Figure 4) and the “mechanism map of
environmental regulation for regional innovation in different regions under the asymmetry”
(see Figure 5) were generated. Figure 4 shows that environmental regulation plays more of
a “booster” role in the eastern, central, western, and northeastern regions. Figure 5 also
demonstrates that environmental regulation plays more of a “booster” role in different
regions of China (In Figure 5, the central region is special under the asymmetry assumption.
The number of solutions where environmental regulation acts as a “booster” and the
number of solutions where it acts as a “stumbling block” is roughly equal. Even the
number of solutions where environmental regulation acts as a “booster” (which occurred
three times) is one less than the number of conditions where it acts as a “stumbling block”
(which occurred four times). This particular phenomenon does not occur in the east,
west, and northeast. Based on the results of the positive solution analysis as the main
criterion, this study finds that environmental regulation plays more of a “booster” role in
the central region).
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In the QCA analysis, if a variable is identified as a core condition, it plays a central and
dominant role. If a variable is identified as a periphery condition, it only plays a supporting
role. Comparison between Figures 4 and 5 shows that environmental regulation appears
as both a core condition and a “booster” in the eastern region of Figures 4 and 5. In the
central region, environmental regulation is both a core condition and “booster”, and only
appears in Figure 5. When environmental regulation acts as a “booster” in the west and
northeast region, it is not a core condition but a periphery condition in either Figure 4
or Figure 5. This implies that environmental regulation plays a very important role in
promoting innovation in the eastern region, while its importance decreases further in the
central, western, and northeastern regions.

In summary, the results of this further analysis suggest that environmental regulation
plays the role of a “booster” in the mechanism of regional innovation in most cases, whether
in the east, center, west, or northeast. In a few cases, however, environmental regulation
plays the role of a “stumbling block”. In most cases, the Porter hypothesis is supported
at the regional level. This empirical result differs from previous studies that concluded
that the Porter hypothesis does not apply to western China [15]. Moreover, a comparison
of regional heterogeneity showed that environmental regulation is more important for
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stimulating regional innovation in the eastern region than in the central, western, and
northeastern regions.

6. Discussion and Conclusions

The results of this study are similar to previous findings on the Porter hypothesis,
which applies to the world’s largest developing country [89]. Deng et al. [90] used super-
efficient data envelopment analysis to assess the impact of environmental regulation on
regional innovation. They concluded that significant consistency exists in the intensity
of environmental regulation on regional innovation performance. Environmental regu-
lation promotes regional economic and environmental development by regulating green
innovation [91]. An analysis of innovations such as corporate technology and institutions
showed that environmental regulation stimulates corporate innovation initiatives and
enhances regional competitiveness and sustainable development [6]. An empirical analysis
of 274 cities in China also showed that environmental regulation strategies strengthened
local environmental regulation lightness, stimulated regional innovation, and reduced
pollution transfer [92]. Losacker and Liefner provided a conceptual perspective on regional
transformation and regional innovation using a regionalization framework. They found
that successful innovation in leading markets within regions gained a competitive advan-
tage [93]. In particular, the traditionally economically developed eastern regions are more
likely to stimulate the Porter effect [12]. However, in contrast to previous studies, with
the adequate combination of paths, economically average and less developed northeast-
ern, central, and western regions of China also satisfy the preconditions for the Porter
hypothesis to hold. This is inconsistent with the finding that the green innovation effect of
environmental regulations is significant in the eastern and central regions but not in the
western region [94]. Wang and Liu [95] even found evidence indicating that environmental
regulation reduces pollution in the east and central regions while increasing it in the west,
which contradicts the findings of the present study. Instead, the comparison of regional
heterogeneity in this paper suggests that environmental regulation is more important for
stimulating regional innovation in the east than in the central, western, and northeastern
regions. This also implies that it is important to assess differences in regional development
and identify potential areas of policy orientation [96]. This implies that economically de-
veloped regions of developing countries should adopt stricter environmental regulations,
while less developed or average regions should adopt moderate environmental regulations
and avoid one-size-fits-all institutional arrangements.

Green and sustainable development is important for developing countries such as
China to achieve the “win-win” goal of environmental governance and innovative de-
velopment. China is the world’s largest developing country. Environmental regulation
is not only related to the development of the governmental philosophy of “innovation,
coordination, green, openness, and sharing” and the stipulated goal of building an innova-
tive country, it also provides a valuable example for other developing countries that need
to deal with environmental and development issues. This, in turn, is related to China’s
image as a responsible power in the global arena. Based on provincial balanced panel data
from 2003–2017, this paper uses TQCA to empirically analyze the coupling paths of how
environmental regulation affects regional innovation. The main findings of this paper are
summarized in the following:

• First, the Porter hypothesis is supported in most cases at the overall level of China,
where environmental regulation can play the role of a “booster” to stimulate regional
innovation. In a few cases, however, the Porter hypothesis cannot be supported.

• Second, the Porter hypothesis is also supported in most cases at the regional level, and
environmental regulation plays more of a “booster” role for regional innovation in the
east, central, west, and northeast.

• Third, a comparison of regional heterogeneity shows that environmental regulation is
more important for stimulating regional innovation in the east than in the center, west,
and northeast.
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Based on the findings of this study, the following policy insights can be drawn:

• First, China should continue to adhere to strict environmental regulations, implement
and enforce the concept of “green water and green mountains are the silver mountain
of gold”, and use environmental regulation to support regional innovation.

• Second, eastern, central, western, and northeastern China should clearly realize that
environmental regulation and regional innovation can coexist and that pollution
control and economic development must be pursued in a two-pronged manner.

• Third, eastern China needs to further increase its environmental regulation, while
central, western, and northeastern China should moderate environmental regulation.

This paper has the following limitations: This paper focuses on the weak Porter hy-
pothesis [2], which neither includes the strong Porter hypothesis nor the narrow Porter
hypothesis while exploring the relationship between environmental regulation and re-
gional innovation. Therefore, follow-up studies could explore the relationship between
environmental regulation and regional competitiveness. Although FEQCA is used to
overcome the limitation of previous QCA that only applies to cross-sectional data, TQCA
can also be used in another way when using panel data: TDQCA analysis [51]. As an
emerging research method, QCA offers certain advantages, such as enabling explorations
of coupling paths in complex environments. However, QCA cannot answer why observed
results occur, and follow-up studies can conduct case studies to explore the underlying
mechanism. In addition, this study is limited by data access, and further studies can focus
on the prefecture level.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14052876/s1, Table S1. Coupling path to enhance regional
innovation (Calibration point up 5%); Table S2. Reducing paths to enhance regional innovation
(Calibration point up 5%); Table S3: Coupling path to enhance regional innovation (Calibration point
reduced by 5%); Table S4. Reducing paths to enhance regional innovation (Calibration point reduced
by 5%).
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