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Abstract: As the world becomes more concerned about carbon emissions, the Chinese government,
which is a large contributor to carbon emissions, has also begun to pay attention to the issue of carbon
emissions. Environmental regulatory policies have been implemented to improve the environment,
but are these policies really conducive to improving firms” eco-innovation performance? This
paper empirically investigates the relationship between environmental regulation policies and firms’
eco-innovation performance in China and finds that: firstly, environmental regulation in China is
inadequate and that manufacturing eco-innovation performance is generally low; secondly, there
is a U-shaped relationship between environmental regulation policies and firms’ eco-innovation
performance; thirdly, there is significant industry and regional heterogeneity in the induced effects of
environmental regulation tools; and fourthly, there is a mediating effect of industrial agglomeration
on the promotion of firms’ eco-innovation performance. The conclusions of this paper are: firstly,
that the Chinese government should continue to improve environmental regulations and strictly
enforce them so that green becomes the colour of ‘economic recovery’; secondly, that the Chinese
government should develop scientific and reasonable environmental regulatory policies according
to local conditions; thirdly, that Chinese companies should increase their spending on research and
development; and fourthly, that the Chinese government needs to optimise the industrial layout and
support mechanisms. The Chinese government should play an active role in industrial agglomeration
in technological innovation.

Keywords: environmental regulation; manufacturing industry; eco-innovation performance

1. Introduction

The comprehensive promotion of green development is a vital component of the new
global development concept, a critical force for achieving high-quality development, and
a key factor in constructing a beautiful society. However, green recovery or high-quality
development in the post-epidemic era cannot rely on factor-driven innovation but must
instead rely on environmentally friendly technological innovation [1]. As providers of
market goods or services, enterprises can only effectively reduce their impact on the eco-
logical environment if they implement green technologies throughout their production and
operation processes. However, the multiple externalities of green technology innovation,
the unpredictability of technology, the unpredictability of the market, and the imperfection
of the management system have led to a lack of innovation, motivation, and capability.
To minimise the negative impact of enterprise production on the environment, resources,
and society, the government has adopted a series of administrative, legal, and economic
environmental regulatory instruments that have yielded specific short-term results [2]. One
of the goals of environmental regulation is to improve the environment, and incentivising
companies to innovate in green technologies is a crucial means of achieving this goal.
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In light of this, this paper examines the cause-and-effect relationship between China’s
environmental regulation policies and corporate eco-innovation performance.

There are four general perspectives regarding the relationship between environmental
regulation and innovation in green technology. Firstly, according to the Porter hypothesis,
several studies indicate that stricter environmental regulations facilitate the development
of green technologies [3-5]. Secondly, some scholars argue, from a neoclassical economics
perspective, that environmental regulation increases firm costs and, as a result, consistently
inhibits firms’ green technology innovation activities [6-9]. Thirdly, some studies contend
that there is a nonlinear relationship between environmental regulation and technological
advancement due to changes in time scales, i.e., in relation to pollution control in the short
term [10-15]. Finally, by analysing the calculation results, some empirical studies have
concluded that there is no significant relationship between the two [16-20]. In general,
the perspectives presented in recent studies are derived from the four aforementioned
foundational perspectives and are typically only used to explain the interrelationship in
specific contexts.

Previous scholarly research has focused on the relationship between environmental
regulation and firms’ eco-innovation behaviour. In contrast, more research needs to be
conducted on the effect of environmental regulation on firms’ eco-innovation performance.
Whether a company chooses to eco-innovate depends on whether eco-innovation can
benefit the company. If environmental regulations become more stringent, firms can benefit
from eco-innovation. Then, firms that engage in eco-innovation will benefit from increased
environmental regulation stringency. Therefore, it is necessary to investigate the connection
between environmental regulation and the eco-innovation performance of enterprises [21].

What is eco-innovation performance? Scholars have yet to reach a consensus as
to how to define eco-innovation performance and how to measure the indicator. The
currently most accepted definition is the assessment of the balance between the cost of an
enterprise’s eco-innovation technology inputs and the benefits generated in the pursuit
of both economic and environmental win—win, with the sustainable development of the
enterprise as the goal. This clearly differs from technological innovation in the pure pursuit
of economic benefits and technological innovation in the pursuit of environmental benefits.
Therefore, in measuring this indicator, appropriate indicators reflecting both economic and
environmental aspects need to be selected to measure innovation performance [22].

With regard to the impact of environmental regulation on the eco-innovation perfor-
mance of enterprises, some scholars studied the impact of command-and-control envi-
ronmental regulation tools and market-incentive environmental regulation tools on the
performance of green technology innovation in 30 Chinese provinces, cities, and districts
based on the perspective of policy differentiation and found that either environmental
regulation tool significantly incentivises the performance of green product innovation and
process innovation. However, scholars differ in their views on which instrument is more ef-
fective; some scholars found that environmental taxes and emission standards have a higher
incentive effect than command-based environmental regulation instruments [23,24]. Others
argue that the effects of imperative environmental regulation tools are more pronounced
and dynamic [25-27]. Scholars have also studied the heterogeneity of environmental
regulation tools and found that in the eastern region, incentive-based effects are more
pronounced, whereas in the central and western regions, command-based effects are more
pronounced [28-30].

Although scholars have begun to focus on the relationship between environmental
regulation and firms’ eco-innovation performance and have conducted some research,
these studies are still shallow, and the degree of empirical evidence is not deep enough, nor
do they explain well how to measure the level of firms’ eco-innovation performance. When
measuring the level of eco-innovation performance of firms, there is little literature that
integrates economic performance with environmental performance. Most existing studies
have been conducted in industries with high energy consumption and pollution; studies on
manufacturing subsectors are lacking, and the impact of different types of environmental
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regulation has not been sufficiently differentiated. The research presented in this paper
helps to fill these gaps.

In this paper, we develop several econometric models by matching information from
the Database of Chinese Industrial Enterprises and the Database of Pollution Emissions
from Chinese Industrial Enterprises. This primary research elements presented in this
paper are as follows: (1) In this paper, we measures the level of eco-innovation performance
of Chinese industrial enterprises and examines their current situation and problems. (2) We
empirically test the relationship between different types of environmental regulatory poli-
cies and the eco-innovation performance of enterprises. (3) We examine whether there is
industry heterogeneity and geographical heterogeneity in the policy effects of different
types of environmental regulatory interventions (including command and market-based
interventions). (4) We empirically test the mediating effect of environmental regulatory
policies on enterprises’ eco-innovation performance. (5) Finally, we conduct robustness
tests on the empirical results and propose policy recommendations.

The innovations of this paper are as follows: (1) The causal relationship between
corporate eco-innovation performance and environmental regulation is investigated, con-
tributing to the theoretical study of corporate eco-innovation performance. (2) The rela-
tionships between different environmental regulation policy instruments and corporate
eco-innovation performance, their effects, and transmission paths are studied separately,
which helps to formulate government policies. (3) The consequences of environmental
regulation policy instruments in various industries and regions are innovatively studied, in-
cluding the intermediary paths through which environmental regulation policies influence
corporate eco-innovation performance, which is beneficial for the government’s targeted
policy formulation.

2. Literature Review and Theoretical Background
2.1. Eco-Innovation Performance and Environmental Regulation

Since the beginning of the industrial era, the pollution and emissions resulting from
human activities, particularly industrial production, have exerted significant pressure on
the ecological environment. A proportion of 20% of the Earth’s surface has been significantly
degraded by human activity, and an estimated 60% of the planet’s ecosystems have been
destroyed, according to the 2019 Yearbook of the United Nations Environment Programme.
Environmental issues have garnered worldwide attention, and the role of innovation has
risen to the forefront as a consequence [31], resulting the rise of several concepts, such
as environmental technology innovation, environmental innovation, green innovation,
sustainable innovation, and eco-innovation. These concepts are similar in that they all
refer to new or significantly improved behaviours in products (or services), production
processes, market approaches, organisational structures, or institutional arrangements that
can result in environmental improvements compared to other options [32]. Given that
international organisations such as the European Union and the OECD (Organization for
Economic Cooperation and Development) have conducted the most systematic research
under the name “eco-innovation performance”, there is a growing tendency for academics
to generalise the results of research in this field under the name “eco-innovation”. Yang, L.
and Hamori, S. (2021) [33] introduced the concept of “eco-innovation” in the mid-1990s,
defining it as technologies that can significantly reduce the negative environmental impact
of production and consumption processes. Eco-innovation is not fundamentally distinct
from general innovation in terms of its process. It also entails research, development,
pilot production, production, dissemination, and their interaction, as well as technological,
organisational, and institutional changes, with the exception that eco-innovation can result
in improved environmental performance. The recognised externalities of environmental
problems make it possible for different instruments of environmental regulation to have
different effects on different types or even stages of eco-innovation, with some effects acting
as catalysts and others as impediments. The relationship between environmental regulation
and corporate eco-innovation is complex due to these distinct effects [34].
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It is challenging to solve the problem of insufficient incentives for eco-innovation
through market forces alone because eco-innovation is not the primary objective of business
production and operation and because enterprises bear the full cost of eco-innovation but
cannot monopolise its benefits [35]. Therefore, the government must incentivise eco-
innovation and encourage it through coercion. Environmental regulations have both
positive and negative effects on eco-innovation in business. The negative impact, i.e.,
the “crowding-out effect”, refers to the intensity of environmental regulations that will
increase the cost of enterprises’ pollution emissions. As a result, enterprises tend to increase
their pollution control investment to avoid high penalty costs, thereby crowding out their
innovation resources and inhibiting their eco-innovation [35]. The positive impact, i.e., the
“compensation effect”, refers to the increase in the intensity of environmental regulations
that will cause the cost of enterprise pollution treatment and penalties to be greater than
the input of enterprise technological innovation, compelling high-pollution and high-
energy-consuming enterprises to undertake eco-innovation activities [36]. The positive
and negative effects of environmental regulation on enterprises are not synchronised, as
the negative effect of “compliance cost” is frequently generated in the current period [37].
However, the positive effect of “innovation compensation” is frequently observed in the
long term, resulting in a “U”-shaped trajectory between environmental regulation and
eco-innovation performance. Thus, the relationship between environmental regulation and
eco-innovation performance follows a U-shaped trajectory. Consequently, in this paper, we
proposes hypothesis 1 as follows:

Hy: Thereis a “U”-shaped relationship between environmental requlations and firms” eco-innovation
performance.

2.2. Industry and Regional Heterogeneity of Environmental Regulatory Instruments

China has strengthened its understanding and protection of the ecological environment
in the governance process since 1949 [38]. China’s environmental regulation policy can
be roughly divided into three phases: the exploration phase (1949-2006), based on the
introduction of laws and regulations; the implementation phase (2007-2011), based on
government performance assessment; and the enhancement phase (2012-present), based
on a combination of administrative command and market-based environmental regulation
policies. In this paper, we argues that there are significant differences between the effects
of command-based and market-based regulatory policies on corporate eco-innovation
based on the respective strengths and weaknesses of command-based and market-based
regulatory policies.

Figure 1 summarises the mechanism of action, pathways, and conditions of market-
based and command-based environmental regulatory instruments that encourage firms to
engage in eco-innovation. Regarding the mechanism of action, policy instruments must be
effectively transmitted to firms and generate substantial cost pressure or economic incen-
tives to induce firms to ultimately engage in innovative activities. Regarding transmission
paths, market-based instruments increase firms’ costs by inducing exogenous energy price
markups. In contrast, command-based instruments increase firms’ costs at both the policy
objective and implementation levels. Regarding the action conditions, on the one hand,
market-based instruments are effectively transmitted by regulating the energy price market.
Command-based instruments are likely to ensure the effectiveness of policy implementa-
tion through the evaluation of state-owned enterprises. On the other hand, high energy
costs and difficulty in cost passthrough are the conditions that increase cost pressure or eco-
nomic incentives [39]. Due to industry-specific differences in action conditions, there is the
potential for heterogeneity in the effects of market-based or command-based environmental
regulations in inducing innovation across industries and geographic regions.
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Figure 1. Mechanisms of action of market-based and command-based policy instruments to
induce eco-innovation.

Therefore, in this paper, we propose hypotheses 2 and 3 as follows:

Hj: There is heterogeneity in the induced innovation effect of environmental requlation tools
among industries.

Hj: There is heterogeneity in the induced innovation effect of environmental requlation tools
among regions.

2.3. Industrial Clustering with Eco-Innovation Performance

The implementation and strengthening of environmental regulations result in in-
creased operating costs and burdens for enterprises, especially polluting enterprises, which
are more likely to relocate to regions with less stringent environmental regulations [40], re-
sulting in industrial shifts and a decrease in industrial agglomeration in the original regions.
Simultaneously, moderate industrial agglomeration can result in the spatial concentration
of factor resources and provide abundant human and material support and assistance for
enterprise technological innovation. This is conducive to forming industrial specialisation
and economies of scale [41], which increase labour productivity and free up time and
enterprises for technological research, development, and collaboration [42]. It encourages
enterprise resource sharing, facilitating information exchange, R&D collaboration, and
cost savings, thereby accelerating technological diffusion and spillover. Environmental
regulation influences technological innovation and industrial concentration, and indus-
trial concentration also influences technological innovation. Environmental regulations
have both direct and indirect effects on technological innovation of effects via industrial
concentration. On the one hand, environmental regulations can harm technological inno-
vation due to the “crowding-out effect”. On the other hand, they can force enterprises to
improve the technological innovation of their products or production processes through the
“compensation effect” of technological innovation to meet emission standards and reduce
the cost of emissions [43]. On the other hand, some enterprises may relocate to industrial
agglomerations to enhance technological innovation through resource sharing, economies
of scale, and technology spillover effects to comply with environmental regulations.

Therefore, in this paper, we propose hypotheses 4 and 5 as follows:

Hy: Industrial agglomeration has an impact on enterprises’ eco-innovation.

Hs: Industrial agglomeration has a mediating effect on environmental regulation to promote
technological innovation.
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3. Research Design
3.1. Solutions and Comparative Statistics

1. Models

In this paper, we compare the effects of command-based environmental regulation ver-
sus market-based environmental regulation instruments on the eco-innovation performance
of firms using the following model:

EIP; = o + B1ERCy; + B,ERCE + B3InHCI; + B4ES;; + B5sEOy + eit

EIPit = 7\1 + 61ERMit + ezERMﬁ + 93II’IHCIit + 94ESit + 95EOit + ‘Sit

where EIP;; represents the eco-innovation performance of industry i in year t, and ERCj;
and ERM;j; represent the intensity of command-based and market-based environmental
regulation tools in industry i in year t, respectively. In this paper, human capital (HCI;),
enterprise size (ES;;), and economic openness (EO;;) are the control variables. The main
body and core of eco-innovation activities is talent, and the higher the level of human
capital, the more technological innovation can be promoted; the larger the enterprise, the
greater the advantage of capital and talent and the more technical support can be provided
to guarantee eco-innovation. Nonetheless, the larger the scale, the greater the investment
in fixed assets, such as equipment, and the slower the cost and innovation of technological
renewal; the introduction of foreign capital can bring financial and talent support, which
enables domestic enterprises to engage in eco-innovation activities. At the same time,
introducing foreign investors is conducive to strengthening domestic industry competition
and encouraging domestic enterprises to increase their innovation investment. i, i are
denoted as the intercept terms under individual effects; 31, B2, B3, P4, Bs, 01, 02, 03, 04,
and 05 are the parameters to be estimated; ¢;; and ;; are the random error terms.

2. Variables

Explained variables (EIPj): Scholars have not developed a unified eco-innovation
performance evaluation index until now. Most of the existing literature constructs this
evaluation index from an input-output perspective, which has the benefit of promptly
reflecting the relevance of the input-output ratio in the enterprise innovation process.
Human, financial, and material resources are the most fundamental factors of production
from an input perspective. The expenditure of money is the assurance of financial resources,
whereas human resources are the foundation. National policy also influences the innovation
behaviours of enterprises. In terms of output indicators, the number of patent applications
and new product sales revenue is the most typical. The number of patent applications
can reflect enterprises’ scientific research and innovation achievements. In contrast, new
product sales revenue can reflect the level of marketability of new products produced
by enterprises utilising new technologies. In this paper, we develop an index system for
evaluation of the eco-innovation performance of enterprises based on an input-output
perspective; the index system’s specific components are detailed in Table 1.

How to measure performance is an essential concept. Domestic and international
performance measurement techniques include stochastic frontier analysis (SFA), data
envelopment analysis (DEA), and the projection-seeking (PP) model, among others. The
first two methods are currently the most popular but have glaring flaws. When dealing
with high-latitude data, the PP model can find the optimal projection direction to reflect
the original data to the greatest extent possible, then reduce the data to a low-dimensional
space for subsequent processing and analysis. Given that the evaluation of eco-innovation
performance involves multidimensional input and output data, the PP model is used to
evaluate performance in this paper. According to the projection-tracing model’s calculation
rules, the optimal projection values for 28 industries in 2011-2020 can be determined (We
have categorised China’s industrial enterprises into 28 industries, with the 28 industries
being divided as shown in Table 2). The greater the optimal projection value, the greater
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the industry’s eco-innovation performance. Figure 2 displays the final eco-innovation
performance values calculated for each industry by the PP model.

Table 1. Eco-innovation performance evaluation index system.

Tier 1 Tier 2 Tier 3 Unit Indicator
Indicators Indicators Indicators Type
. R & D staff (A7) People +
. . R & D investment R & D staff EAZ ) Million CNY +
Eco-innovation input I . . . .
nvestment in Environmental pollution treatment investment Million CNY
. illion +
pollution control amount (Ajz)
New product sales revenue (Ag) Million CNY +
Economic benefit Total assets contribution ratio (As) % +
output Number of patent applications (Ag) Pieces +
R & D output level (Ay) - +
Industrial wastewater discharge (Ag) Million tons -
Eco-innovation . - Billion cubic
output Industrial waste gas emissions (Ag) meters -
Environmental General industrial solid waste generation (A1g) Million tons -
benefit output General industrial solid waste generation (A17) % +
. . . Million t stan-
Comprehensive energy consumption per unit -
of in-dustrial output value (A1) dard/billion )
CNY
Note: “+” represents benefit-based indicators, and “-” represents cost-based indicators.
Table 2. Manufacturing industry segmentation categorization.
Number Segmentation Number Segmentation
1 Agricultural and. sideline food processing 15 Pharmaceutical manufacturing
industry
2 Food manufacturing 16 Chemical fiber manufacturing
3 Wine, beverage, and refined tea manufacturing 17 Rubber and plastic products industry
4 Tobacco product industry 18 Non-financial mineral products industry
5 Textile industry 19 Ferrous metal smelting and rolling industry
6 Textile and apparel industry 20 Non-ferrous metal smelting and rolling industry
7 Leather, fur, feathers (ar}d their products), and 1 Metal products industry
footwear industry
8 Wood processing and wood, ba.mboo, rattan, 22 General equipment manufacturing
palm, and grass products industry
9 Furniture manufacturing 23 Specialised equipment manufacturing
10 Paper and paper products industry 24 Transportation equipment manufacturing
1 Printing and recording media reproduction 25 Electrical machinery and equipment
industry manufacturing
12 Culture, education, industry, sports, and % Computer, communications, and other electronic
recreational goods manufacturing equipment manufacturing
13 Oil, coal, and other fuel processing industries 27 Instrument manufacturing
14 Chemical raw materials anc.1 chemical product 28 Other manufacturing industries
manufacturing

Figure 2 demonstrates that the eco-innovation performance levels of Chinese man-
ufacturing enterprises are all low. There is evident industry heterogeneity, with higher
eco-innovation performance values in industries with strong technology and lower eco-
innovation performance values in resource-based industries. The mean eco-innovation
performance values of each industry in China’s manufacturing industry from 2011 to 2020
were clustered using SPSS 19.0. They can be divided into four categories ranging from high
to low. The mean values of eco-innovation performance of “computer, communication, and
other electronic equipment manufacturing”, “transportation equipment manufacturing”,
and “electrical machinery and equipment manufacturing” are 2.4996, 2.3080, and 2.0318,
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respectively, ranking in the first tier; the values of “special equipment manufacturing”
and “general equipment manufacturing” are 1.6390 and 1.6112, respectively, ranking the
second tier. On the other hand, the average performance of 20 industries, including the
“agriculture and food processing industry” and “food manufacturing industry”, varied
between 1.0230 and 1.3604; the “ferrous metal smelting and rolling industry”, “paper and
paper products industry”, and “non-metallic mineral products industry” have respective

average values of 0.8808, 0.8878, and 0.91276.

3_

2.4

1.8

=]

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

— ] 2 3 4 5 6 7
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22— 3 e—) 4 25 26 27 28

Figure 2. Best projection values of eco-innovation performance of China’s manufacturing industry
by industry.

Explanatory variable (ERC;;, ERMj¢): Numerous academics use single indicators to
measure environmental regulation, such as energy consumption per unit of GDP [44],
investment in environmental management [45], per capita income level [46], and the pro-
portion of words appearing in government documents on environmental protection [47].
However, environmental regulation policies are multidimensional [48], and a single indica-
tor cannot adequately measure the “strictness” of environmental regulation; consequently,
many scholars have employed multiple secondary indicators to construct comprehensive
indicators of environmental regulation. These secondary indicators include the compliance
rate for “three wastes” [49], the number of administrative punishment cases at this level,
the emission fees, and the number of closed petitions. Since environmental regulation is
an organisational behaviour, in this paper, we select “the ratio of environmental protec-
tion investment amount/gross industrial output value of industries above the scale” of
“three simultaneous” projects in industries above the scale as the implementation status of
command-based environmental regulation tools and “the revenue from sewage charges in
industries above the scale” as the implementation status of “three simultaneous” projects
in industries above the scale. Therefore, the ratio of environmental protection investment
amount to the gross industrial output value of industries above the scale is chosen in this
paper to measure the implementation of market-based environmental regulation tools.

Control variable: Equivalent full-time R&D personnel is selected to measure HCI;;.
The total output value of the industry above the scale or the number of enterprises above the
scale is selected to represent HClj; for EOy, the ratio of foreign direct investment in fixed
assets/the gross industrial output value of industry above the scale is selected for measure-
ment in this paper. Since industry-specific data on foreign direct investment are unavailable,
foreign investment in fixed assets is used as a proxy for foreign direct investment.



Energies 2023, 16, 2899

90f18

3.2. Data Sources

Due to data limitations, the sample evaluation period is 20112020, and the data on
R&D personnel, internal expenditure of R&D funds, sales revenue of new products, the
contribution rate of total assets, number of patent applications, the gross industrial output
value (due to a change in the statistical calibre of the China Statistical Yearbook in 2012,
there have been no data on gross industrial output value by industry in the Statistical
Yearbook since 2012; hence, the data on industrial sales value are used instead), and
industrial sales value were obtained from the China Science and Technology Statistical
Yearbook (2011-2020). The data on industrial sales value and industrial pollutant emissions
and energy consumption were obtained from the China Environmental Statistical Yearbook
(2011-2020), the China Energy Statistical Yearbook (2011-2020), and the China Industrial
Statistical Yearbook (2011-2020). The mean insertion method was used to fill in individually
absent data.

4. Results
4.1. Panel Regression

In order to avoid the pseudo-regression caused by the non-stationarity of the data, in
this paper, we employ ADF, LLC, IPS, and PP to conduct panel unit root tests. In conclusion,
the results of the four tests are consistent, and the panel series of each variable in the model
strongly rejects the original hypothesis, indicating that EIP;;, ERC;;, ERCZ, ERM;;, ERMZ,
InHCI;;, ESjt, and EOj; are stationary and that the regression results are accurate. The final
results of the regression analysis are displayed in Tables 3 and 4 below.

Table 3. Panel model estimation results of the effect of command-and-control environmental regula-
tion on eco-innovation performance.

Explanatory Variables: EIP;;

Explanatory Variable RE FE OLS
—107.2792 *** —107.8958 *** -
ERC (—10.42) (—10.45) —104.9056 *** (—8.90)
ERC? 3241.673 *** (4.20) 3244.047 *** (4.20) 3348.711 *** (3.75)
InHCI 0.2051 *** (18.62) 0.2068 *** (18.56) 0.1962 *** (16.58)
ES 0.0084 *** (5.34) 0.0084 *** (5.37) 0.0081 *** (4.46)
EO 11.5866 *** (4.83) 10.9037 *** (4.43) 15.6534 *** (—5.61)
Constant term —0.7584 *** (—6.17) —0.7674 *** (—6.73) —0.7123 *** (—5.61)
Hausman test p-value 0.7551 - -
Turning point 0.0165 0.0166 0.0157
N 280 280 280
R? 0.6971 0.6972 0.6269

Note: *** indicate significance at the 1% levels.

Table 4. Panel model estimation results of the effect of market incentive-based environmental
regulation on eco-innovation performance.

Explanatory Variables: EIP;;

Explanatory Variable RE FE OLS
ERM —781.9571 *** (—9.98) 78(0_31%8172) —657.0814 *** (-7.72)
ERM? 147,078.7 *** (5.69) 150, 536.4 *** (5.80) 129,426.1 *** (4.40)
InHCI 0.2025 *** (16.78) 0.2081 *** (16.83) 0.1883 *** (14.42)
ES 0.0083 *** (4.85) 0.0084 *** (4.88) 0.0080 *** (4.05)
EO 11.7822 *** (4.51) 10.7264 *** (4.01) 18.1369 *** (7.06)
Constant term —0.7724 *** (—5.66) —0.7847 *** (—6.291) —0.7147 *** (—5.12)
Hausman test p-value 0.1516 - -
Turning point 0.0027 0.0027 0.0025
N 280 280 280
R? 0.6371 0.6374 0.5508

Note: *** indicate significance at the 1% levels.
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Table 3 shows a positive coefficient of —107.279 for the ERC squared term and a
negative coefficient of 3241.673 for the ERC, while Table 4 shows a positive coefficient of
—781.9571 for the ERC squared term and a negative coefficient of 147,078.7 for the ERC.
The results indicate that both environmental regulations have a U-shaped relationship with
firms” eco-innovation performance. The first hypothesis of this paper was tested. This
differs from the results of Ramanathan et al. (2019) [50], who suggested that the relationship
between environmental regulation and firm innovation performance is linear. The results
presented in this paper show that the relationship is nonlinear and “U” shaped; before
the inflection point, an increase in the intensity of environmental regulations inhibits the
improvement of firms’ eco-innovation performance. After the inflection point, increasing
the intensity of environmental regulations improves the eco-innovation performance of
firms. The regression results show that the inflection point is 0.0165 for the command type
and 0.0027 for the market type and that the mean value of the intensity of environmental
regulation in China is currently 0.0022 for the command type and 0.002 for the market
type, with the former being to the left of the inflection point and the latter being very close
to it. This suggests that the government must increase the intensity of command-based
regulatory instruments in order for them to cross the inflection point and achieve better
implementation results.

The coefficients for investment in human capital (InHCI;;), openness of the economy
(EOjt), and firm size (ES;;) are 0.2051, 0.0084, and 11.5866, respectively, in Table 3 and 0.2025,
0.0083, and 11.7822, respectively, in Table 4, and all are significant at the 1% level. This
suggests that all three indicators are positively related to firms’ eco-innovation performance
and that economic openness has the greatest effect of these three control variables. Thus,
the Chinese government must continue to strengthen its communication and cooperation
with the global economy.

Given the different levels of economic development in central, western, and eastern
China, we tested for regional heterogeneity in the impact of environmental regulations on
corporate eco-innovation by dividing the 30 provinces (cities) into two major economic
regions (i.e., eastern and central) and conducting group regressions, the results of which
are shown in Table 5.

Table 5. Regression results.

Region Midwest (FE) East(FEE)
124.20 * 7041 *
ERC (1.58) (0.70)
—4000.00 ** —2980.80
2
ERC (—2.05) (—1.11)
1468.70 ** 4163.40
ERM (1.99) (2.12)
~238,890.30 * —1,155,727.40
2 7 ’ y
ERM (—1.71) (—1.49)
3.19 5.64 5+
InHCI (4.76) (6.06)
1.19 % 5.64 4+
EO (4.76) (6.06)
2.14 5.64 %+
ES (4.16) (1.06)
Cons 2417 #* ~64.02
(—2.50) (—4.87)
N 110 86

Note: ***, ** and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Table 5 shows that the primary and secondary coefficients of the ERC are 124.20 and
—4000, respectively, in the central region, while the values are 70.41 and —2980.80, respec-
tively in the west, showing that the effect of the command-type environmental regulation
instrument is more significant in the west. In contrast, the market-based effects are more
significant in the east, where hypothesis 3 was tested. This type of phenomenon occurs
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because the central region is dominated by secondary industries, whereas the western
region is dominated by primary industries with a greater concentration of pollutants.

Therefore, the government must formulate appropriate, scientific, and reasonable
environmental regulation policies according to the nature of industrial pollution in the
region, the degree of industrial development, and the policy carrying capacity.

4.2. Threshold Model Test and Threshold Estimation

In this paper, we propose the use of the Yangtze River Economic Belt as a sam-
ple to study the performance of different environmental regulation tools in different re-
gions [51]. The Yangtze River Economic Belt was chosen as the sample because it covers 11
provinces and cities, including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan,
Chonggqing, Sichuan, Yunnan, and Guizhou, with a large geographical span. Moreover,
these regions show obvious differences in the level of economic development, and such
a selection allows for a more representative sample. In addition, in order to determine
whether there is a threshold effect of environmental regulation on eco-innovation, a panel
threshold model was developed as follows.

InEIP; = o + B1INERC(ERM); ,_;G(Xit < v1) + B2InERC(ERM); , 1 G(v; < X < v2)+

-+ + BuINERC(ERM); ,_;G(Xi¢ > Yn)

where EIPj; is eco-innovation performance; EMC;; and EMR;; are core explanatory variables;
Y1, Y2 oo e Yn are thresholds to be estimated; G(*) is the indicator function, which is 1
when the threshold variable reaches the desired condition and 0 otherwise; 31, 5 ... ...
(3, are the regression coefficients of each threshold interval; X, is the threshold variable; Z;;
is the control variable; i and t are city and year, respectively; and ¢;; is the residual term.

The final threshold estimation results are displayed in Table 6. At the scale of the
Yangtze River Delta city cluster and the Chengdu—Chongqing city cluster, there is no
threshold effect of command type on eco-innovation. However, there is a threshold effect at
the Yangtze River midstream cluster scale, with a threshold value of 3.4557, corresponding
to an actual environmental regulation intensity of —13.32. As for market type, there is a
threshold effect between the Yangtze River midstream city cluster and the Yangtze River
Delta city cluster and human capital (InHCIj;). There is a single threshold effect in the
Yangtze River Delta and the middle reaches of the urban agglomerations.

Table 6. Threshold effect test and estimation results.

Threshold Variables ERC;¢ ERM;¢ InHCI;; EO;; ES;;
. 26.07 11.31 48.16 ** 23.81 ** 15.01
Single-threshold test (0.1007) (0.6433) (0.0167) (0.0362) (0.2833)
Yangtze River Double-threshold test - - —2377.42% 11.15 -
Delta City Cluster (1457.59) (0.3167)
Threshold values (y1) . ) 10.7118 9.2199 :
(corresponding actual value) (45002) (10112)
. . 27.13 ** 19.84 * 24.04 ** 19.31 15.38
Single-threshold Inspection (0.0103) (0.0833) (0.0333) (0.1200) (0.1833)
17.74 19.49 * 11.78
Dual-threshold inspection - -
Middle Reaches P (0.1067) (0.0600) (0.3133)
of Yangtze River Three-threshold tests - 891 - - -
City Cluster (0.17467)
4 Threshold values (y1) 3.4557 6.2265 9.5122 }
(corresponding actual value) (—13.32) (506) (9435)
Threshold values (v, ) ) 6.7093 ) ) )
(corresponding actual value) (820)
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Table 6. Cont.

Threshold Variables ERC;; ERM;; InHCI;; EO;; ES;;
. . . 8.77 11.68 14.15 11.83 6.20
Chengdu- Single-threshold inspection (0.3933) (0.1900) (0.1600) (0.1833) (0.6167)
Chonggqing City Dual-threshold inspection - - - - -
Group Threshold values (y7) ) _ ) ) )
(corresponding actual value)
Note: (1) The data in the table are F-statistic values, and the corresponding p-values are presented in in parentheses;
**, and * indicate significance at 5%, and 10% confidence levels, respectively. (2) The bootstrap sampling number
is 300. (3) - indicates omission, no data
4.3. Mediation Effect

A test model for mediating effect was developed using Wen Zhonglin’s (2004) test
method. Then, using the Chinese interprovincial industrial panel data, a regression model
was developed following the steps of the mediating effect test. The following are the
specific models and configurations:

Step 1: Conduct regression with environmental regulation and eco-innovation perfor-
mance as explanatory variables and add control variables. If it is significant, the test of the
mediating effect will continue.

Step 2: Regression with industrial agglomeration as the explanatory variable, environ-
mental regulation intensity as the explanatory variable, and the addition of
control variables.

Step 3: Regression with eco-innovation performance as the explanatory variable
and industrial agglomeration as the explanatory variable, along with the addition of
control variables.

Table 7 reaffirms that the intensity of environmental regulation has a driving effect on
eco-innovation. Table 8 displays the regression results with EIP as the explanatory variable;
environmental regulation intensity (ERC/ERM) as the explanatory variable; and human
capital input (HCI), economic development level (RGDP), firm profitability (PRO), and
firm size (SIZE) as the control variables.

Table 7. Regression results of environmental regulation on ecological performance.
Threshold Variables ERC;; ERM;; InHCI;; EO;; ES;;
. 26.07 11.31 48.16 ** 23.81 ** 15.01
. Single-threshold test (0.1007) (0.6433) (0.0167) (0.0362) (0.2833)
Yangtze River _ *
Delta Cit Double-threshold test - - 237742 11.15 -
clta City (1457.59) (0.3167)
uster Threshold values (v;) ) ) 10.7118 9.2199 )
(corresponding actual value) (45,002) (10,112)
Sinele-threshold inspection 27.13 ** 19.84 * 24.04 ** 19.31 15.38
& p (0.0103) (0.0833) (0.0333) (0.1200) (0.1833)
. . 17.74 19.49 * 11.78
Middle Reaches Dual-threshold inspection (0.1067) © 80 g(l)o) (0.3133) - -
of Yangtze Three-threshold tests - ; - - -
River City (0.17467)
Cluster Threshold values (vq) 3.4557 6.2265 9.5122 B )
(corresponding actual value) (—13.32) (5006) (9435)
Threshold values (y;) ) 6.7093 ) ) )
(corresponding actual value) (820)
Single-threshold inspection 877 11.68 14.15 11.83 6.20
Chengdu-— & P (0.3933) (0.1900) (0.1600) (0.1833) (0.6167)
Chonggqing City Dual-threshold inspection - - - - -
Group Threshold values (yq) ) } ) ) )

(corresponding actual value)

Note: (1) The data in the table are F-statistic values, and the corresponding p-values are presented in in parentheses;
**, and * indicate significance at 5%, and 10% confidence levels, respectively. (2) The bootstrap sampling number
is 300. (3) - indicates omission, no data.
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Table 8. Regression results of the effect of environmental regulation on industrial agglomeration.

Variable Cofficient Prob.

C 0.224626 0.0005

LQ(-1) 0.713787 0.0000

ERC 0.026772 0.0093

ERM 0.561149 0.0367

TRAN 0.134464 0.0001

EO 0.012062 0.2103

PRO —0.004193 0.6840

BA 0.087433 0.2681
R-squared 0.982243
Adjusted R-squared 0.979411
F-statistic 346.8382
Prob (F-statistic) 0.000000

Policy and institutional factors, factor factors, spatial factors, and foreign trade fac-
tors, among others, primarily influence industrial concentration. Additionally, industry
profitability and enterprise entry barriers are crucial reference indicators that influence in-
dustrial concentration. On this basis, the level of industrial concentration (LQ) was selected
as the explanatory variable, and the intensity of environmental regulation (ERC/ERM) was
selected as the explanatory variable. Meanwhile, the state of transportation infrastructure
construction (TRAN), the degree of economic openness (EO), industry profitability (PRO),
and entry barriers (BA) were chosen as control variables. The lag term of the dependent
variable was added to the regression. The results are displayed in Table 8 below. The coeffi-
cient for the explanatory variable environmental regulation intensity is positive, indicating
that environmental regulation promotes industrial agglomeration. The intensification of en-
vironmental regulation policies has prompted some companies to relocate to regions where
environmental regulation is lax in order to cut costs. At the same time, as environmental
regulations become more stringent, some enterprises that want to reduce costs through
technological innovation are attracted to industrial parks for their superior technological
and human capital.

The regression results indicate that industrial agglomeration harms technological
innovation, likely due to China’s current high industrial agglomeration level. The sharing
of resources among enterprises may lead to “cognitive distance lock”, “free-riding”, and
the “lemon phenomenon”, diminishing technological innovation to some degree. As a
result, the interest in technological innovation has diminished.

The absolute values of the regression coefficients for industrial agglomeration in Ta-
ble 9 are greater than those in Table 10, indicating that environmental regulation mitigates
the negative effects of industrial agglomeration on eco-innovation. Finally, regressions were
conducted with ecological innovation performance as the dependent variable and environ-
mental regulation intensity and industrial agglomeration as the independent variables, the
results of which are presented in Table 11. At the 5% significance level, the regression results
indicate that environmental regulation intensity and industrial agglomeration level signifi-
cantly affect technological innovation. Consequently, industrial agglomeration partially
mediates the environmental regulation process influencing technological innovation.

While encouraging industrial agglomeration, the empirical results indicate that regions
should not pursue the degree of industrial agglomeration with a broad brush. In industrial
agglomeration areas, the protection of intellectual property rights should be strengthened
to avoid “free-riding” and the “lemon phenomenon” to effectively increase enterprises’
enthusiasm for technological innovation. This includes strengthening the management of
patented technologies, improving the supporting system for intellectual property rights,
and strengthening the environment for intellectual property rights protection.
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Table 9. Regression results of the effect of industrial agglomeration on eco-innovation performance.

Variable Cofficient Prob.

C —11.83417 0.0000

LQ —0.558971 0.0215

HCI 1.117242 0.4781

EO 37.88712 0.0000

RGDP 1.498992 0.0367

PRO —0.053620 0.4220

SIZE 0.429312 0.0002
R-squared 0.984579
Adjusted R-squared 0.982534
F-statistic 481.5717
Prob (F-statistic) 0.00000

Table 10. Regression results of the effect of environmental regulation and industrial agglomeration

on eco-innovation performance.

Variable Cofficient Prob.
C —12.16398 0.0000
ERM 0.130238 0.0203
LQ —0.512816 0.0155
ERC 1.355343 0.4008
RD 36.45062 0.0000
RGDP 1.540402 0.0000
PRO —0.061813 0.3627
SIZE 0.418076 0.0003
R-squared 0.984313
Adjusted R-squared 0.982165
F-statistic 468.3895
Prob (F-statistic) 0.000000
Table 11. Robustness test results.
TSLS TSLS TSLS TSLS GMM GMM
73.48 ** —253,277
ERCit (38.81) (1.73)
ERC 0,090 -2, 337.42
it (0.057)
(1457.59)
947.98 **
ERM;¢ (273.53)
—236,754.8 —129,751.3
ERMIZt *%% EE
(75,004.8) (43,061.9)
LAHCL 36.31 *** 37.6833 *** 33.24 *** 34.44 *** 33.48 *** 32.67 ***
it (8.33) (8.55) (8.98) (8.87) (7.92) (8.25)
FO. 0.0001 *** 0.0001 *** 0.0001 *** 0.0001 *** 0.0001 *** 0.0001 ***
it (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
ES. 46.17 * 0.66 ** 0.59 * 0.63 ** 0.58 *** 0.54 **
it (24.56) (0.31) (0.32) (0.31) (0.28) (0.29)
Indus —15.11**  —12.86 ***  —12.02 **  —12.35 *** —9.65 *** —9.56 ***
(2.94) (2.42) (2.42) (2.39) (2.30) (2.25)
_Cons 2011.48 **  2017.07 **  2013.74 ***  2014.62 ***  2013.85 **  2013.91 ***
(1.08) (2.38) (2.17) (2.08) (1.90) (1.90)
N 270 270 270 270 270 270
R? 0.25 0.24 0.22 0.22 0.22 0.18
F 15.32 13.85 15.53 14.53
P 0.00 0.00 0.00 0.00 0.00 0.00
No weak No weak No weak No weak
Wald test knowl- knowl- knowl- knowl-
edge edge edge edge

Note: ***, ** and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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4.4. Robustness Test

In this paper, we used the two-stage least squares estimation (TSLS) method for
correction, selecting the posterior period environmental regulation as the instrumental
variable, and tested the validity of the instrumental variable using the lone identification
and weak identification tests to examine the stability of the regression results. The results
are presented in Table 11 alongside a GMM method robustness test. The empirical results
indicate that the quadratic and primary coefficients are positive and negative, respectively,
which contradicts the findings of Brandt et al. (2019) [52]; Lu and Tao (2020) [53].

5. Conclusions and Policy Suggestions

According to the bottleneck constraints of resources and environment in the manufac-
turing industry, China’s manufacturing industry is faced with the objective requirement of
eco-innovation as the driver to maintain both economic growth and environmental quality,
thereby increasing the demand for the manufacturing industry’s ability to implement
eco-innovation. The relationship between environmental regulation and manufacturing
eco-innovation performance was examined, and the hypotheses were theoretically analysed
and empirically examined to determine their plausibility. After a summary of previous
research, several policy implications are drawn.

5.1. Conclusions

Based on the input-output perspective, a manufacturing eco-innovation performance
evaluation index system was developed. Furthermore, the accelerated genetic algorithm of
the projection tracing model was utilised to evaluate the eco-innovation performance of
28 industries in China’s manufacturing industry from 2011 to 2020. On this basis, the impact
of environmental regulation on manufacturing eco-innovation performance was proposed,
an econometric model was developed to test the impact of environmental regulation
on China’s manufacturing eco-innovation performance, and the following conclusions
are drawn:

(1) From 2011 to 2020, the value of China’s manufacturing industry’s eco-innovation
performance was not exceptionally high, but it does exceed 1, with a fluctuating up-
ward trend.

(2) Directive and market-based environmental regulatory instruments have a “U’-
shaped relationship with the eco-innovation performance of Chinese manufacturing firms.
Unfortunately, the intensity of directive environmental regulation in China is currently low
and still on the left side of the inflection point. At the same time, the current level of market-
based regulation does not exceed the inflection point and is still in the range of inhibiting
eco-innovation performance enough to stimulate firms’ interest in eco-innovation.

(3) Industrial agglomeration has a mediating effect and a partial mediating effect on
the environmental regulation process affecting technological innovation, as determined by
a mediating effects model.

5.2. Policy Suggestions

To improve the eco-innovation performance of Chinese manufacturing companies, we
make the following recommendations.

First, the Chinese government should continue to improve environmental regulations
and strictly enforce them so that green becomes the colour of “economic recovery” [54],
that is, strengthen fines or increase incentives.

Secondly, scientific and reasonable environmental regulation policies should be for-
mulated according to local conditions. Scientific and reasonable environmental regulatory
policies are conducive to promoting technological innovation and economic expansion of
enterprises [55]. In the central region, market-based environmental regulation is the main
focus, and in the western region, command-based regulations should be the focus.

Thirdly, Chinese enterprises should increase their R&D expenditures. In the long
run, firms should maximise the ‘compensatory effect’ of technological innovation [56].
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Therefore, the government should provide greater loan subsidies to enterprises with high
eco-innovation performance in order to support them in increasing their R&D expenditures.

Fourthly, the Chinese government needs to optimise the industrial layout and support
mechanisms. The role of industrial agglomeration in technological innovation should be
actively exploited [57,58].

5.3. Dicussion

In this paper, we innovatively proposes a win—win evaluation index of corporate eco-
innovation performance for both environment and economy. On this basis, we empirically
tested the relationship between different types of environmental regulatory policies and
corporate eco-innovation performance, as well as whether there is industry heterogeneity
and geographical heterogeneity in different environmental regulatory instruments, as well
as the mediating effect of the two.

However, the reality is that the various types of resources at the disposal of enterprises
are limited. With current technological innovation having reached a certain level, how
to use limited resources to improve the eco-innovation performance of enterprises is the
focus of research, which was not examined in this paper; however, in the future, scholars
can conduct research in this area. In other words, from the perspective of resource-based
constraints, we explored the possibility of improving the level of enterprise eco-innovation
by reconstructing the evaluation system of enterprise eco-innovation performance against
the background of certain resource constraints and proposed corresponding management
countermeasures for the improvement of enterprise eco-innovation performance.
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