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Abstract
In recent years, the global emphasis on environmental protection issues has gradually increased. The existing literature has been
divided on whether environmental regulation promotes or inhibits industrial development. Can the innovation-driven strategy
proposed by China achieve a win-win situation for both? This paper attempts to investigate the technology innovation of China’s
three major economic zones in dual environmental regulation effect on industrial structure upgrade. The research was conducted
based on Intermediary Effect Model and employing the technique of Image Analysis, panel data of 30 Chinese provincial from in
2005 to 2017 were selected and analyzed. The results demonstrate that the direct effect of formal environmental regulations (ER)
on industrial upgrading is an inverted “U” shape, and it is positively affecting industrial upgrading through technological
innovation strategies. However, the mediating role of technological innovation under the informal environmental regulation
(IER) is negative. The effect of the innovation-driven strategy has regional heterogeneity, and marketization is conducive to
industrial upgrading, but increasing dependence on foreign trade is not conducive to industrial upgrading. The research above
politically suggests that China should further strengthen formal and informal environmental regulations, the informal environ-
mental regulation system should be improved, and feedback mechanisms such as laws should be established. Meanwhile, the
government should carry out innovation-driven strategies based on local conditions, improve the innovation mechanism, and
enhance the diffusion of technological innovation.

Keywords Formal environmental regulation . Informal environmental regulation . Industrial upgrading . Technological
innovation .Mediation effect

Introduction

The economic growth of China was seen by the world ever
since the opening-up policy was proposed by the government,
which allows China to become the world’s second largest
economy and achieved a “Chinese miracle” that attracted
worldwide attention. In terms of the ecological environment,
according to the data retrieved from 338 cities by the Ministry
of Ecology and Environment, only 121 could meet the air
quality standards, occupying less than 40% of the country’s
total. In addition, China was only ranked 120th among

emerging economies, as reported in the 2018 environmental
performance index of 2018.The disadvantages of the factor
input-driven growth model and its destructiveness to the en-
vironment are increasingly apparent (Deng et al. 2019).
Environmental protection has been widely concerned by pol-
icy makers. In the past 2 years, China has implemented a
series of strict environmental regulation policies to curb the
deterioration of the environment: the Environmental
Protection Tax Law and the Water Pollution Prevention Law
began to be implemented nationwide in January 2018. This is
the first time that the Chinese government has imposed an
environmental protection tax on polluting enterprises. From
January 1, 2018, the “Reform Plan of Ecological Environment
Damage Compensation System” issued by the General Office
of the State Council will try out the ecological environment
damage compensation system nationwide. On January 21,
2019, the general office of the State Council issued the
“Circular of the General Office of the State Council on
Issuing the Pilot Work Plan for the Construction of Waste-
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free Cities.” On March 6, 2019, the National Development
and Reform Commission and other ministries jointly issued
the “Green Industry Guidance Catalogue (2019 Edition),” the
introduction of which provided “green” judgment criteria for
departments to formulate relevant policies and measures. On
April 1, 2019, the Ministry of Agriculture and Rural Affairs
and others jointly issued the “Implementation Plan for
Groundwater Pollution Prevention” and on May 30, the
Ministry of Agriculture and Rural Affairs issued the “Notice
on Doing a Good Job in Monitoring Agro-ecological
Environment.” Supporters of environmental regulation policy
believe that the current environmental regulation policy is a
necessary measure to protect the environment (Wang et al.
2019). Research has found that modern agricultural technolo-
gy innovation is related to implementations of environmental
protection, and at the same time, it can improve management
and profitability (Nikolova 2015). Opponents believe that
strict regulation will lead to heavier burden on enterprises,
thus hindering the development of the industry (Becker
2011; Teeter and Sanberg 2017). Many regions are
confronted with a balancing between industrial develop-
ment and environmental protection. Innovation strategy
has become an important means to stimulate economic de-
velopment and promote the transformation and upgrading
of industry. The technological innovation effect of environ-
mental regulation is of great significance to realize long-
term economic development. At the same time, to promote
the transformation and upgrading of industrial structure, it is
necessary to improve the support of scientific and techno-
logical innovation. From this, we can see that there is an
internal connection between the three, so is technological
innovation an effective way to achieve a win-win situation
between environmental protect ion and industr ial
upgrading? At the present stage, the pollution has attracted
the attention of public groups that have participated in en-
vironmental protection, and the exposure of major pollution
events through media was also blamed for having negative-
ly affected the corporate reputation building and social im-
age of the company. Such informal environmental regula-
tions are also playing an increasingly important role in en-
vironmental protection, attracting more and more attention
from scholars (Langpap and Shimshack 2010; Xie et al.
2017; Ren et al. 2018). Compared with the government’s
formal environmental regulation, informal environmental
regulation differs greatly in terms of functionary mecha-
nism and extent of effect; therefore, it has different impacts
on the technological innovation behavior of enterprises. The
existing research perspective seldom deals with the impact
of environmental regulation on industrial upgrading. Based
on this, this paper uses the mediation effect model to exam-
ine the direct impact of formal and informal environmental
regulations on industrial upgrading and the indirect impact
of the intermediary effect of technological innovation.

The rest of this paper is arranged as follows: the second part
reviews the previous scholars’ studies. The third part is the
mathematical derivation of environmental regulation promot-
ing industrial upgrading at the micro level. In the fourth part,
we introduce the mediating effect model and index construc-
tion. The fifth part carries on the total sample and the empirical
analysis by region. Finally, the sixth part completes the sum-
mary and the policy enlightenment.

Literature review

The current literature on the relationship among environmen-
tal regulation, technological innovation, and upgrading of in-
dustrial structure can be divided into four directions:

First is the environmental regulation and technological in-
novation. The conclusions drawn from the research regarding
the two aspects can be divided into the following three points
of view. (i) Inhibition effect: environmental regulation in-
creases the production cost of manufacturers, weakens tech-
nological innovation, and supports the “compliance cost” the-
ory (Jaffe et al. 1995; Chintrakarn 2008; Ramanathan et al.
2010). To achieve the environmental standards, the major ap-
proach adopted by enterprises is upgrading the pollution con-
trol equipment and production equipment, rather than through
technological innovation (Zhang and Lv 2018). (ii) Promoting
effect: Porter and Linde (1995) first proposed the “Potter hy-
pothesis” believing that reasonable environmental regulation
would promote innovation and enhance the competitiveness
of enterprises. Many scholars have found that environmental
regulation could to some extent promote technological inno-
vation of enterprises (Brunnermeier and Cohen 2003;
Hamamoto 2006; Yang et al. 2012). Reasonable environmen-
tal regulation will encourage enterprises to carry out techno-
logical innovation (Kammerer 2009; Lanoie et al. 2011; Song
et al. 2019). (iii)There is a non-linear relationship between the
two. Some scholars used provincial panel data to study the
role of environmental regulation on green technology innova-
tion and concluded that the relationship of them could be
represented in a diagram with a pattern of “U” (Yuan et al.
2017). Only when the environmental regulation intensity
crosses the threshold value can it promote technological inno-
vation (Yuan and Li 2018).

Second, some studies have found that technological inno-
vation helps to optimize the industrial structure (Verbano and
Crema 2016). Innovation activities can promote different in-
dustries into high-productivity growth industries, thus opti-
mizing the entire industrial structure (Varum et al. 2009;
Zhang and Gallagher 2016). Some scholars believe that the
transformation of manufacturing industry must be driven by
innovation (Lager 2016). The change of demand structure
brought by innovation and the improvement of labor
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productivity are the main reasons driving the upgrading of
industrial structure (Tao and Peng 2017).

Third is environmental regulation and industrial structure
upgrading. Some scholars point out that when the technical
effect of environmental regulation is stronger than the distor-
tion effect of resource allocation, environmental regulation
will promote the upgrading of industrial structure (Liu et al.
2016). Other scholars use theoretical models to describe the
mechanism of environmental regulation on industrial transfor-
mation and upgrading (Berman and Bui 2001). Environmental
regulation has significantly forced polluting enterprises to
transform and upgrade their industries, but only for non-
state-owned enterprises, and it is difficult for state-owned en-
terprises to transform and upgrade (Greunz 2004). However,
the existing literature overwhelmingly stresses on focus on the
impact of environmental regulation on productivity; therefore,
the strengthening of the environmental regulation was be-
lieved to be an effective approach to an increased productivity
(Berman and Bui 2001). Another view is that, although envi-
ronmental regulation can help the development of environ-
mentally friendly technologies, the benefits cannot offset the
burden of increased production costs. Pollution costs will
crowd out production costs and reduce productivity levels
(Gray and Shadbegian 2003), when environmental regulations
are stricter, and in order to produce more products at the same
level of pollution per product, enterprises will have to upgrade
the facilitates in order for an increased production, or increase
technological research and development of relevant alterna-
tive energy, thus hindering the industrial upgrading of the
whole economic system (Feichtinger et al. 2005). Different
from former conclusions, some scholars have concluded that
the impact of environmental regulation intensity on industrial
transformation and upgrading depends on the relative size of
economic output of pollution-intensive industries and clean
industries, thus concluding that environmental regulation
and industrial upgrading have j-shaped characteristics (Tong
et al. 2016). Other studies have concluded that there is an
inverted u-shaped relationship between environmental regula-
tory intensity and environmental total factor productivity
(Wang and Shen 2016).

Fourth, researches on technological innovation, environ-
mental regulation, and industrial structure upgrading exhibit
that only when technological innovation crosses the threshold
can the synergistic effect of environmental regulation and
technological innovation positively promote industrial struc-
ture upgrading (Maochu Zhong et al. 2015). However, the
literature that gives insights into industrial structure upgrading
was rare, and the aspects addressed within the most relevant
articles were mainly industrial ecological efficiency and in-
dustrial performance (Baolong Yuan et al. 2017; Korhonen
et al. 2015).

Most of the previous studies focus on the relationship be-
tween the two and use threshold model to study the

appropriate range of environmental regulation. The existing
empirical research conclusions on environmental regulation,
technological innovation, and environmental regulation are
quite different, which may be caused by the following aspects.
First of all, different countries and different regions have dif-
ferent environmental regulatory objectives and tools at differ-
ent times, and the policy impacts analyzed based on them are
certainly different. Second, there is a large gap between dif-
ferent regions in economic development level, industrial
structure, resource endowment, and factor input structure
among enterprises and industries, which determines the huge
difference in environmental regulation’s impact on industrial
structure adjustment among different regions. Finally, the in-
dex selection and model selection of environmental regulation
usually have individual subjective tendency of researchers. In
recent years, informal environmental regulations with the pub-
lic, media, and environmental protection organizations as the
main body play an increasingly important role in environmen-
tal protection. Some scholars simply added the interaction
item between environmental regulation and technological in-
novation and concluded that innovation did indeed play a
regulating role in environmental regulation and industrial
structure adjustment but did not deeply analyze the difference
and reasons of intermediary role in technological innovation
in different regions.

Theoretical analysis and transmission
mechanism

Theoretical analysis

The influence of environmental regulation on industry is to
influence the production decision-making behavior by affect-
ing the prices of different production factors of enterprises.
Under different environmental regulations, the production fac-
tor costs of the same manufacturer producing clean products
and polluting products are affected differently. Reference
Withers (1980), the method of assuming that A and B both
have totally the same vendors, including one of vendors only
product polluting production and cleaning products, the price
of factors of production is w and n. The selling prices of
polluting products are P1 and P2 respectively in regions A
and B. The sales volume of these two products is Q1 and
Q2respectively. The selling price of cleaning products is L
and the sales volume is S. Suppose that the input of other
factors (labor, capital, etc.) is k,α is the distribution coefficient
of factor input into polluting products, with a value of 0 to 1.
Since the products from region A to region B will incur inev-
itable transportation, loss and other costs, set a cost adjustment
factor which is γ, then when the selling price of polluting
products in region A is P1, then the selling price in region B
is γP1,
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The profit of the manufacturer is

π ¼ p1⋅Q1 þ γ⋅p2⋅Q2 þ L⋅S− wαþ n 1−αð Þ½ �K ð1Þ
When there is a difference in the degree of environmental

regulation between A and B, let us assume that A is stricter. In
this case, clean products are not affected much, and the price
of production factors of polluting enterprises becomes W1. If
the manufacturer does not take any measures, the profit be-
comes

π ¼ p1⋅Q1 þ γ⋅p2⋅Q2 þ L⋅S− w1αþ n 1−αð Þ½ �K ð2Þ

If the enterprise decides to change its production strategy
and put more productionmaterials into the production of clean
products, this is the enterprise’s behavior of pursuing profits,
but it has virtually promoted the upgrading of the entire in-
dustrial structure. The distribution coefficient of the enterprise
after the change of production strategy is denoted as α1, and
α1 is smaller than α, because the input of production means of
polluting products is reduced due to the influence of environ-
mental regulations. At this point, the sales volume of polluting

products and cleaning products becomes Q
0
1 and Q

0
2 respec-

tively. The sales volume of cleaning products is S', and the
profit of the manufacturer is

π ¼ p1⋅Q
0
1 þ γ⋅p2⋅Q

0
2 þ L

0
⋅S’− w1α

0 þ n 1−α
0

� �h i
K ð3Þ

According to the profit maximization principle, if the man-
ufacturer wants the profit after the optimized production to be
larger than the profit before the adjustment, the following
equation can be obtained:

W1 > nþ p1 Q
0
1−Q1

� �þ γP2 Q
0
2−Q2

� �þ L S
0
−S

� �
K α0−αð Þ ð4Þ

If the price of polluting production factors after strengthen-
ing the degree of environmental regulation meets the above
equation, enterprises will increase their profits by investing
more production resources in cleaning products, and it is a more
reasonable choice to reduce the production of polluting products.
Product upgrading not only improves the profit of enterprises, but
also virtually promotes the upgrading of the entire industrial
structure.

Transmission mechanism

Environmental regulation and industrial structure upgrading

The direct influence of environmental regulation on industrial
structure is upgrading. When environmental regulation is less
effective within a society, the power of it in supervising the in-
dustry could be limited. In the early stage of regulation, enter-
prises have to bear negative external social costs caused by

environmental pollution, resulting in increased production costs,
reduced competitiveness, and decreased production
efficiency(Albrizio et al. 2017). High environmental regulations
even can cause the “revenge” production of polluting industries,
stimulate the high pollution industry to expand production scale,
“small, dirty, scattered and disorderly” companies expect the ben-
efits increased by enlarging production scale, or pass the cost on
to consumers, to offset the environmental regulation cost in-
crease; this kind of circumstance of environmental regulation is
of limited beneficial to upgrade of industrial structure (Yuan and
Xie 2014). As the degree of environmental regulation improves,
the supervision of various parties will be stricter, and the produc-
tion environment standard of enterprises will be improved
(Ollinger and Fernandez-cornejo 1998). At this time, the effect
of “survival of the fittest”will be generated. Strict environmental
regulation is an effective reverse mechanism to force the optimi-
zation and upgrading of industrial structure. On the one hand,
higher environmental standards are equivalent to a green entry
barrier, increasing the sunk cost of polluting enterprises to enter
(Blairb and Hite 2005;Rubashkina and Galeotti 2015). On the
other hand, under strict environmental regulations, the compara-
tive advantages of clean industries are obvious. With the support
of the government, more material capital and human capital from
the society will be attracted to them, and the number of enter-
prises in clean industries represented by the service industry will
be increased (Zheng 2018;Teeter and Sandberg 2017), which is
conducive to the upgrading of industrial structure.

Environmental regulation and technological innovation

In the early stage, when the government formulated environmen-
tal regulation policies were newly formulated, the regulation in-
tensity was less strong owing to the influence of regional eco-
nomic development status, policy perfection and other factors,
and the cost increase for enterprises was lower than the research
and development investment needed for technological innova-
tion. Based on cost-benefit principle, enterprises choose to pay
sewage charges or terminal treatment.At this time, environmental
regulations not only fail to stimulate enterprise innovation but
also increase the social cost of enterprises and crowd out the
funds for technology research and development, which is not
conducive to enterprise innovation (Li and Mu 2013). On the
other hand, as environmental regulations gradually become
stricter, the impact of environmental regulations has changed
from “compliance cost effects” to “innovation compensation ef-
fects.”Along with more strict environmental regulation intensity,
enterprises face the cost of the pollution treatment approaches or
exceed the cost of the technology research and development,
innovation has become profitable, enterprise’s response to envi-
ronmental regulation gradually from obedience to active innova-
tion (Liu 2016), high intensity of environmental regulation to
promote enterprise-independent research and development at this
time or the introduction of new technology, to ensure its
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sustainable development (Porter and Linde 1995). At the same
time, after the early accumulation and positive innovation behav-
ior, the “innovation compensation” effect has gradually emerged
(Marco et al. 2017). Technological innovation is an important
driving force for the upgrading of industrial structure. When the
new technology emerges, it can effectively eliminate the back-
ward production capacity within the industry, and when it is put
into application, it can promote the emergence of new technolo-
gies, products, and processes in the external-related industries. On
the other hand, the emergence of new technology has improved
the quality of required raw materials, forcing all relevant indus-
tries to develop to a higher level. No matter whether other factors
change or not, the improvement of technological innovation level
can effectively promote the transformation of industrial structure
(Shi and Zhao 2018).

According to previous relevant studies, some other factors
also have a significant impact on the upgrading of industrial
structure:

1. Marketization helps to improve the efficiency of resource
allocation and provides a good external environment for
the upgrading of industrial structure.

2. Foreign direct investment. The advanced production tech-
nology and management experience brought by foreign
direct investment promotes the upgrading of domestic in-
dustrial technology and contribute to the progress of in-
dustrial structure.

3. Urbanization intends to accelerate industrial agglomera-
tion and factor agglomeration, deepen industrial
restructuring and division of labor, improve industrial
technology complexity and innovation level, and lead to
changes in industrial structure through affecting employ-
ment structure.

Research methods, models, and data

Mediating effect

Mediating variable is the medium through which independent
variable influences dependent variable. If X influences Y
through variableM, thenM is the mediating variable between
them. Mediating effect refers to the degree to which indepen-
dent variable influences dependent variable throughmediating
variable:

Y ¼ cX þ e1 ð5Þ
M ¼ aX þ e2 ð6Þ
Y ¼ c

0
X þ bM þ e3 ð7Þ

The coefficient C in Eq. (5) is the total effect of indepen-
dent variable X on dependent variable Y, the coefficient a in
Eq. (6) is the effect of independent variableX on the mediating
variableM, the coefficient b in Eq. (7) is the effect of mediat-
ing variableM on dependent variable Y after controlling inde-
pendent variable, and the coefficient C' is the direct effect of
independent variable X on dependent variable Y. The method
of stepwise regression coefficient is commonly used to test the
mediating effect.

Research model

Based on the above theoretical analysis and the mediating
effect method, according to the previous analysis, it can be
found that environmental regulation may have a non-linear
relationship between technological innovation and industrial
upgrading, so we introduce the quadratic term of environmen-
tal regulation into the model (Chen et al. 2019). And consid-
ering the environmental regulation, technological innovation,
market opening index, foreign investment, and urbanization
rate, the mediating effect equation of technological innovation
is set as follows:

Ind ¼ ∂þ ∂1Erit þ ∂2 Eritð Þ2 þ ∂3Mdiit þ ∂4Fdiit

þ ∂5U rbanit þ δit ð8Þ
RD ¼ ∂þ ∂1Erit þ ∂2 Eritð Þ2 þ ∂3Mdiit þ ∂4Fdiit

þ ∂5U rbanit þ βit ð9Þ
Ind ¼ ηþ η1Erit þ η2 Eritð Þ2 þ η3RDþ η4Mdiit

þ η5Fdiit þ η6U rbanit þ μit ð10Þ

Variable definition and data sources

Explained variable: industrial structure index (IND)

Industrial structure adjustment means that the government ra-
tionalizes and elevates the industrial structure through corre-
sponding industrial policies. Advanced industrial structure—
the performance of industrial structure upgrading in the na-
tional economy is that the industrial proportion is gradually
transferred in the order of primary industry, secondary indus-
try, and tertiary industry. At present, the service trend of eco-
nomic structure has become one of the important manifesta-
tions of industrial structure upgrading.

Based on the ideas of Yuan Yijun and Xie Ronghui (Yuan
and Xie 2014), this paper chooses “the ratio of the added value
of the tertiary industry to the added value of the secondary
industry” to reflect the upgrading status of China’s industrial
structure.
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Explanatory variables: formal ER and IER

Formal environmental regulation (ER). At present, there is no
unified standard for the measurement of formal environmental
regulation. This paper uses the construction of environmental
regulation evaluation index method (Jiang and Zhao 2019),
which not only includes the actual investment of industrial
pollution control in each province but also removes the devi-
ation caused by regional industrial structure factors. The con-
struction process is as follows:

COSTi:t ¼ Investit
Industryit

ð11Þ

COSTi. t represents the pollution control cost in each prov-
ince of China, i = 1, ..., 30 indexes provinces in China,t =
2005, ..., 2017 indexes time. Investit indexes investment in
industrial pollution control. Investit represents the industrial
output value of province i in year t. Without considering the
differences in industrial structure between regions, the calcu-
lated pollution control cost of industrial output will overesti-
mate the environmental regulation intensity of pollution-
intensive provinces and correspondingly underestimate the
environmental regulation intensity of non-pollution-intensive
provinces. Therefore, it needs to be revised according to the
proportion of the total industrial value of each region in the
GDP of each region:

ERi:t ¼ COSTi:t

Proit
ð12Þ

Proit represents the ratio of the total industrial production
value divided by the total regional production value. COSTi. t
represents the pollution control cost in each province of
China.

Informal environmental regulation (IER) was first pro-
posed by Pargal and Wheeler (1996), which refers to ne-
gotiations or consultations between the public, media, and
social groups and polluting enterprises in order to achieve
pollution reduction and environmental protection, includ-
ing issuing a lawsuit and complaints of residents and pro-
tests against polluting enterprises, which is an effective
supplement to formal environmental regulation.
Referring to the method of Pargal and Wheeler (1996),
select three dimensions of income level, education level,
and population density in each province to measure infor-
mal environmental regulation. (i) Per-capita income: In
general, the higher the income of people, the higher the
attention they pay to the quality of local living environ-
ment, and the higher the demand for high-quality sur-
rounding environment. (ii) Education level: According to
the number of higher education students per 100,000 pop-
ulation, people with higher education level are more sen-
sitive to environmental pollution problems, and local

enterprises will adopt more communication channels
when environmental problems arise, which is more con-
ducive to local environmental governance. (iii) Population
density: The number of people at the end of the year
divided by the area of each province is selected to mea-
sure it. When environmental pollution problems occur in
local enterprises, the more people involved in the sur-
rounding population, the stronger the environmental
awareness of people’s unity and resistance (Tables 1).

Technique for Order Preference by Similarity to an Ideal
Solution (TOPSIS) is used to assign corresponding weights to
individual indexes of informal environmental regulation, and
the index is constituted as the comprehensive evaluation index
of environmental regulation. The specific treatment method is
as follows:

1. Normalization of index matrix. The indicators in this pa-
per are all positive indicators. Then, conduct standardized
treatment:

X
0
ij ¼

xij−min xij
� �

max xij
� �

−min xij
� �

where xij and x’ij denote the informal environmental regulation

measurement index of province i and dimension j before and
after standardization respectively.

2. Determining information entropy:

pij ¼ X
0
ij= ∑

n

i¼1
X

0
ij

and

H j ¼ ln
1

n
∑
n

i¼1
pij*lnpij

� �

where pij denotes the characteristic weight of dimension j in
province i.

3. Weight of measuring indicators:

W j ¼ 1−H j
� �

= ∑
m

j¼1
1−H j
� �

4. Calculate the comprehensive score of each sample:
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si ¼ ∑
m

j¼1
wj*xij

Intermediary variable: technological innovation (R&D)

Previous studies mostly used the number of patent applica-
tions or R&D investment (Baolong Yuan and Chen Li,2018)
as an indicator of the level of technological innovation. This
paper used the logarithm of the number of patent grants in
various regions as an indicator of technological innovation.

Other control variables: marketization degree (MDI) is
expressed by marketization index. Foreign direct investment
(FDI) is expressed by the ratio of the value of foreign direct
investment of each province to the gross regional product.
Urbanization (URBAN) level is measured by the proportion
of urban population in the total population of each province.

Data sources and descriptive statistics

Due to the availability of data, this paper selected the remain-
ing 30 provinces, autonomous regions, and municipalities ex-
cept Tibet autonomous region, Hong Kong, Macao, and
Taiwan regions of China for empirical testing. In addition,
the data retrieved were existing records in China statistical
yearbook, China statistical yearbook of industrial economy,
China environmental yearbook, China environmental statisti-
cal yearbook, China statistical yearbook of science and tech-
nology, and China energy yearbook from 2005 to 2017. The
marketability index data from 2005 to 2007 were obtained
from China marketization index—relative progress of market-
ization in each region 2011 report by Fan Gang, Wang Xiaolu,
and Zhu Hengpeng, and the data from 2008 to 2016 were
obtained from China marketization index report by provinces
(2018), and the missing data were filled in by interpolation.
According to the division of China’s real estate development,
investment, and sales in 2016 released by the statistics bureau
in January 2017, the eastern region includes 11 provinces
(cities) including Beijing, Tianjin, Hebei, Liaoning,
Shanghai,Jiangsu, Zhejiang, Fujian, Shandong, Guangdong,
and Hainan. The central region includes eight provinces:
Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei,
and Hunan. The western region includes 12 provinces (mu-
nicipalities and autonomous regions) of Inner Mongolia,

Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Xizang,
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. Table 2 is
the descriptive statistics on variables.

Empirical analysis

Overall regression analysis

In Table 3, Eq. (1) tests the overall effect of formal environ-
mental regulation on industrial structure upgrading. The coef-
ficients of the primary and secondary terms of formal environ-
mental regulation intensity in the model are positive (0.179)
and negative (− 0.0213), respectively. It shows that with the
increase of the intensity of formal environmental regulation,
the impact on the upgrading of industrial structure presents an
inverted U shape, contrary to the results of some scholars
(Wang and Shen 2016; Liu et al. 2016). The reason for the
different research results may be that there are many tools for
environmental regulation, different scholars have a subjective
tendency in constructing environmental regulation indicators,
and the effects of environmental regulation in different regions
are also different. Kong and Zhang (2017) also obtained an
inverted U-shaped relationship when they used the proportion
of pollution control investment as the environmental regula-
tion index to analyze the impact on industrial upgrading.
Equation (2) is the influence of formal environmental regula-
tion on technological innovation as an intermediary variable.
The coefficients of the primary and secondary terms are neg-
ative (− 0.146) and positive (0.0151), respectively. In other
words, the influence of formal environmental regulation on
technological innovation shows a U shape, which is first

Table 1 Weight of indicators of
informal environmental
regulation

Variable Context Weight

Per capita
income

The average salary of employees employed by urban units in various regions 0.160

Education level Per 100,000 population of students in higher education 0.193

Population
density

The ratio of the total number of people to the area of each province at the end of
the year

0.647

Table 2 Descriptive statistics

Variable Obs Mean Sd. Min Max

IND 390 0.986 0.540 0.500 4.237

IER 390 2.527 159.039 1.994 10.537

ER 390 1.122 104.710 1.4.57 7.926

R&D 390 9.185 1.613 4.369 12.715

MDI 390 6.355 1.813 2.330 10.920

FDI 390 0.024 0.019 0.010 0.082

URBAN 390 52.941 13.966 26.870 89.600
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inhibited and then promoted. The early stages of the environ-
mental regulationwill have technology innovation; “crowding
out” is not conducive to technological innovation, but with the
increase of degree of environmental regulation, enterprises
will realize that only through innovation can they achieve
environmental standards to meet the market conditions, and
the innovation of power is increased, but the secondary coef-
ficient is not significant, and formal environmental regulation
on technical innovation of “porter hypothesis” needs to show
up under certain constraints. In Eq. (3), the regression coeffi-
cients of formal environmental regulation and technological
innovation passed the significance test at 1%, indicating that
there was a partial intermediary effect. It is concluded that
formal environmental regulation has a direct impact on indus-
trial structure upgrading and an indirect impact through tech-
nological innovation variables.

In Table 3, Eq. (4) examines the overall effect of informal
environmental regulation on industrial structure upgrading,
and it can be seen that the coefficients of the primary and
secondary terms of informal environmental regulation are
negative (− 0.127) and positive (0.0115), respectively, indicat-
ing a U type relationship. When the intensity of informal en-
vironment regulation is weak, companies are under less exter-
nal pressure, but when regulation intensity continues to in-
crease, the pressure from regulators such as media and the
public prompts companies to reform or innovate, thereby pro-
moting industrial upgrading. Equation (5) tests the regression
results of informal environmental regulation on technological
innovation as an intermediary variable. The result shows that

the coefficients of the primary and secondary terms of infor-
mal environmental regulation are positive (0.729) and nega-
tive (− 0.0297), respectively, and they are in an inverted U-
type relationship. In the early days of informal environmental
regulation, the masses mainly promoted the technological
transformation and innovation of enterprises through verbal
reflection, negotiation, and other means. As the later stage
became stricter, the cost of the enterprise rose sharply, affected
the enterprise normal production gradually, and some smaller,
low-innovation ability of enterprise’s survival is affected and
even bankruptcy. The extreme interpretation of environmental
pollution events by the media seriously damages the social
credibility and image of enterprises. It can be seen that mod-
erate informal environmental regulation can promote enter-
prises’ innovation, but after a certain peak, it will hinder en-
terprises’ innovation and even affect their survival. According
to the regression results of control variables, the market index
has a positive effect on industrial structure upgrading and
innovation. The higher the market index is, the more effective
the market will be in resource allocation. Good market devel-
opment atmosphere is conducive to industrial upgrading and
technological innovation. And opening up to the level of tech-
nological innovation and upgrading of industrial structure are
the influences of the negative effect, more shows in the foreign
trade in our country at present stage is the role of processing
chain, still mainly processing is given priority to, the scale of
trade mode, high pollution, high energy consumption, foreign
companies entering the inhibition of the upgrading of indus-
trial structure in our country; this conclusion supports the

Table 3 Regression results of mediating effect

Formal environmental regulation Informal environmental regulation

(1) (2) (3) (4) (5) (6)
Variables IND R&D IND IND R&D IND

ER 0.179*** (0.0279) − 0.146**
(0.0644)

0.185*** (0.0273)

ER2 − 0.0213***
(0.00438)

0.0151 (0.0102) − 0.0219***
(0.00427)

IER − 0.127*** (0.0388) 0.729*** (0.0767) 0.160*** (0.0424)

IER2 0.0115*** (0.00320) − 0.0297***
(0.00632)

0.0104***
(0.00324)

R&D 0.105*** (0.0252) − 0.0501* (0.0265)

MDI 0.0677*** (0.0145) 0.0926***
(0.0327)

0.0628*** (0.0143) 0.0731*** (0.0130) 0.0963*** (0.0259) 0.0773*** (0.0131)

FDI − 4.491*** (1.055) − 13.54***
(2.362)

− 3.546*** (1.059) − 2.016** (0.929) − 2.980 (1.858) − 2.129** (0.928)

URBAN 0.0172*** (0.00218) 0.125***
(0.00477)

0.00208 (0.00418) − 0.00900**
(0.00386)

0.0697*** (0.00755) − 0.00511
(0.00438)

Constant − 0.396*** (0.152) 2.410*** (0.307) − 0.560*** (0.157) 0.624*** (0.155) 3.377*** (0.294) 0.780*** (0.176)

Observations 390 390 390 390 390 390

Number of
ID

30 30 30 30 30 30

Standard errors in parentheses: ***p < 0.01; **p < 0.05; *p < 0.1
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“pollution haven” hypothesis. According to Eqs. (2) and (5), it
is found that foreign investment hinders technological inno-
vation, and foreign investment produces “crowding out effect”
and “technology control effect,” With advanced technology,
enterprises from market abroad obtain great market share in a
fairly short time and monopolized some critical industries.
Foreign enterprises controlling shares and technological ad-
vantages in domestic enterprises hinder domestic enterprises’
technological research and development. Urbanization rate
has no significant impact on the upgrading of industrial struc-
ture, but it can promote technological innovation. This is be-
cause the improvement of urbanization will bring about the
spatial agglomeration of production factors, and the agglom-
eration of factors will lead to the phenomenon of technology
spillover, which is conducive to independent innovation. The
impact of the urbanization rate on the upgrading of the indus-
trial structure is not significant. It may exert impact on indus-
trial structure upgrade in both positive and negative ways. As
impetus, urbanization can provide high-end production factor
supply, demand orientation, and improvement over service
(Michaels et al. 2008). As resistance, the process of urbaniza-
tion leads to dis-economy of scale and urban disease problem.
Some developing countries promote the process of urbaniza-
tion with extensive development methods, hindering the
upgrading of national industrial structure (Farhana et al.
2014). So, the eventual impact should be judged on the basis
of considering both influence of impetus effect and resistance
effect.

Figure 1 depicts the trajectory of the total effect and direct
effect of formal environmental regulations on industrial
upgrading. Since the longitudinal intercept term does not af-
fect the opening and shape of the image of the equation, the
two images are shifted up equidistant to facilitate observation.
The mediating effect is the remainder of the total effect minus
the direct effect, so it will not be affected. The scale of total
effect and direct effect is based on the left primary axis, and

the scale of intermediate effect is based on the right sub-axis.
Under formal environmental regulation of the same degree,
the total effect is higher than the direct effect. Under formal
environmental regulation, the intermediate effect of techno-
logical innovation is positive. It shows that formal environ-
mental regulation can force enterprises to carry out technolog-
ical innovation, and the two can achieve benign interaction.
Enterprises have the motivation to carry out technological
innovation and transformation of achievements, and at the
same time, the industry will transform to green and advanced.

Figure 2 depicts the informal environmental regulation af-
fects the total effect of industrial upgrading and the trajectory
direct effect; the total effect of informal environmental regu-
lation is less than the direct effect, which leads to negative
mediation effect; and informal environmental regulation and
technology innovation could not form the benign interaction
and have a negative impact on industrial upgrading, while the
public’s environmental awareness has increased, but the pres-
ent stage of informal channels of environmental regulation
feedback mechanism is not perfect, and informal environmen-
tal regulation is very difficult to work effectively.

Regional regression analysis

Equations (1)–(6) in Table 4 are the regression results of
innovation mediation effects under formal and informal
environmental regulations in the eastern region, and Eqs.
(7)–(12) are the regression results in the central region.
The mediating effect of environmental regulation on in-
dustrial upgrading in these two regions is both valid.
Under formal environmental regulation, the mediating ef-
fect of technological innovation is positive, while under
informal environmental regulation, the mediating effect of
technological innovation is negative.

According to zhe results from Figs. 3, 4, 5 and 6.
Figure 7 compares the direct effects of technological
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innovation in the east and the middle of China. The inter-
mediary effect of technological innovation in the east is
significantly higher than that in the middle of China, and
the improvement speed is obviously accelerated when the
environmental regulation intensity reaches a certain
threshold. Technology innovation is the core of the devel-
opment of emerging industries, but without technology
diffusion, innovation cannot have an economic impact.
In the eastern region, infrastructure is relatively sound,
innovation mechanism is more sound, and the spillover
effect of technology innovation is more obvious, and its
positive promoting effect is more obvious.

Figure 8 shows the mediating effect of technological
innovation in China, the eastern region, and the central
region under the informal environmental regulation.
From the space category of the central region to the whole
country and then to the eastern region, the negative me-
diating effect of technological innovation decreases

gradually and has the trend of rising to be positive. It
shows that although China’s informal environmental reg-
ulation fails to promote industrial upgrading through tech-
nological innovation at the present stage, with the im-
provement of social legal mechanism, the increase of in-
formal environmental regulation channels, and the estab-
lishment of feedback mechanism, the intermediary effect
of technological innovation is gradually changing.

Table 5 is the intermediary effect test results of western
region, in a formal environmental regulation under environ-
mental regulation on industrial structure upgrade failed to pass
the test of significance of regression coefficient and the total
effect inspection did not pass, and formal environmental reg-
ulation on technical innovation of regression coefficients were
not significant, too, that a formal environmental regulation in
the western region under the mediation effect, and informal
environmental regulation of the regression coefficient of tech-
nology innovation is not significant.
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Robustness test

Data robustness test

In order to investigate the stability of the estimated results, this
paper replaced the number of invention patent authorizations
with the investment of R&D funds as the index of innovation
investment and tested the relationship among environmental
regulation, technological innovation, and industrial structure
upgrading again. The results obtained were basically consis-
tent with the direction and size of the coefficient obtained
above (Tables 6 and 7).

Model robustness test

Considering the actual economic development, the variables
have different degrees of correlation, the main variables in this
article may also have a two-way causality. In addition, chang-
es in industrial structure often have inherent inertia. The early
adjustment will have a certain impact on the later period. The
existence of a lag period of the explanatory variables in the
model will also cause the explanatory variables to be related to
the disturbance term. Because the system generalized moment
estimation (SYS-GMM) can effectively solve the endogenous

problem of the model variables, this method is used in this
paper for model robustness testing. The results show that the
change trend of the main variables is consistent with the pre-
vious conclusions. The p value results of the Sargan test indi-
cate that the original hypothesis of “all instrumental variables
are valid” is accepted; the p values of AR (1) are all less than
0.1, indicating that “no first-order autocorrelation” is rejected
at a significance level of 10%. The original hypothesis indi-
cates that there is a first-order autocorrelation between the
variables. The p values of AR (2) are all greater than 0.1,
which means that the original hypothesis that “there is no
second-order autocorrelation” is accepted. Sargan’s test of
the p value and the p values of AR (1) and AR (2) show that
the selected instrument variables are reasonable, and the mod-
el identification is effective. The significance and sign of the
main explanatory variables have not changed, and the direc-
tion of the mediation effect has not changed.

Conclusions and policy implications

Conclusions

In this paper, environmental factors affected by environmental
regulations are introduced into the production function, and
the impact mechanism of environmental regulations and tech-
nological innovation on industrial structure upgrading is ana-
lyzed. Panel data of 30 provinces in China from 2005 to 2017
are used to investigate the relationship between heterogeneous
environmental regulations, technological innovation, and in-
dustrial structure upgrading with the help of an intermediary
model. The conclusions drawn by the research are as follows.

The influence of formal environmental regulations on tech-
nological innovation presents a u-shaped relationship, which
would to some extent support the porter hypothesis. Formal
environmental regulation has an inverted u-shaped relation-
ship with industrial structure upgrading, which indicates that
the excessive formal regulation is less likely to contribute
industrial upgrading. Informal environmental regulation pre-
sents an inverted U-shaped relation to technological innova-
tion and a U-shaped relation to industrial structure upgrading.
Under formal and informal environmental regulations, the
mediating effect of technological innovation is positive and
negative respectively. With the increase of formal environ-
mental regulations, the mediating effect in eastern China
grows faster after passing the lowest point, which is higher
than the mediating effect in central China. The coefficient of
formal environmental regulation on technological innovation
and industrial structure upgrading in western China is not
significant. Although the effect of informal environmental
regulation on industrial structure upgrading is u-shaped, its
effect on technological innovation is not significant and the
mediating effect of innovation in western China is not
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established. The market index has a positive effect on indus-
trial structure upgrading and innovation. It is shown that the
higher the market index is, the more effective the market will
be in resource allocation. The level of opening to the outside
world has a negative effect on the upgrading of industrial
structure and technological innovation. Urbanization rate has
no significant impact on industrial structure upgrading, but it
can promote technological innovation.

Policy implications

Properly enhancing the environmental regulation intensity can
not only improve the technological innovation ability of en-
terprises but also promote the upgrading of industrial struc-
ture. At present, the degree of formal environmental regula-
tion in most provinces and cities of China is still in the left side
of the U curve of innovation and is in the left side of the

Table 6 Robustness test 1

Formal environmental regulation Informal environmental regulation

(1) (2) (3) (4) (5) (6)
Variables IND R&D IND IND R&D IND

ER 0.179*** (0.0279) − 0.0605 (0.0444) 0.184*** (0.0276)

ER2 − 0.0213***
(0.00438)

0.0110 (0.00697) − 0.0222***
(0.00434)

IER 0.127*** (0.0388) 0.389*** (0.0556) 0.194*** (0.0407)

IER2 0.0115*** (0.00320) − 0.00445
(0.00458)

0.0100***
(0.00314)

R&D 0.0916*** (0.0319) − 0.147***
(0.0332)

MDI 0.0677*** (0.0145) − 0.0336 (0.0232) 0.0715*** (0.0144) 0.0731*** (0.0130) − 0.0411**
(0.0183)

0.0694*** (0.0127)

FDI − 4.491*** (1.055) − 8.543***
(1.684)

− 3.726*** (1.080) − 2.016** (0.929) − 2.857** (1.312) − 2.499*** (0.913)

URBAN 0.0172*** (0.00218) 0.116***
(0.00348)

0.00636 (0.00431) − 0.00900**
(0.00386)

0.0775***
(0.00560)

0.00130 (0.00444)

Constant − 0.306*** (0.152) − 0.831***
(0.244)

− 0.317** (0.155) 0.624*** (0.155) 0.154 (0.242) 0.676*** (0.153)

Observations 390 390 390 390 390 390

Number of
ID

30 30 30 30 30 30

Standard errors in parentheses ***p < 0.01; **p < 0.05; *p < 0.1

Table 5 Regression results of mediating effect in western China

Formal environmental regulation Informal environmental regulation

(1) (2) (3) (4) (5) (6)
Variables IND R&D IND IND R&D IND

ER 0.0581 (0.0403) − 0.140 (0.165) 0.0798* (0.0411)

ER2 − 0.00877 (0.00571) 0.000757 (0.0224) − 0.00895 (0.00585)

IER − 0.115 (0.106) 0.477 (0.265) − 0.0454 (0.109)

IER2 0.111*** (0.0346) − 0.139 (0.0924) 0.107*** (0.0302)

R&D 0.0528*** (0.0173) − 0.0394** (0.0184)

FDI − 8.475*** (2.641) − 18.08 (11.25) − 8.081*** (2.730) − 1.614 (2.078) − 5.646 (4.600) − 5.549*** (1.947)

MDI 0.0561*** (0.0177) 0.352*** (0.0865) 0.0121 (0.0219) 0.00246 (0.0238) 0.0683 (0.0678) 0.0231 (0.0206)

URBAN 0.00350 (0.00271) 0.118*** (0.0121) − 0.00323 (0.00267) − 0.0230*** (0.00592) 0.157*** (0.0204) − 0.0272*** (0.00362)
Constant 0.500*** (0.162) 1.888*** (0.733) 0.518*** (0.163) 1.641*** (0.294) 0.859 (1.013) 1.963*** (0.200)

Observations 104 104 104 104 104 104

Number of id 8 8 8 8 8 8

Standard errors in parentheses ***p < 0.01; **p < 0.05; *p < 0.1
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inverted U curve of industrial structure upgrading. The degree
of informal environmental regulation is on the left side of the
U curve of industrial upgrading, and on the left side of the
peak of technological innovation curve. At this time, the de-
gree of informal environmental regulation is relatively weak.
At present, there is no positive interaction between China’s
informal environmental regulation and technological innova-
tion and industrial upgrading.

The final effect of technological innovation not only de-
pends on the innovation itself, but also depends on a desired
technology diffusion environment; the intermediate effect of
technological innovation in the east and the middle of China is
positive, but the intermediate effect value in the east is higher.
The reason may be that the eastern region has a better inno-
vation mechanism, a stronger diffusion capacity of technolog-
ical innovation, and a higher efficiency of benign interaction
among the three. Therefore, in order to maximize the final
results of technological innovation, a guarantee system with
reasonable structure and perfect functions should be
established in an all-round way to achieve more efficient in-
teraction among various innovation subjects, more sound
technology transfer mechanism, and more effective diffusion
of technological achievements.

The development tasks of each region should be for-
mulated according to its actual developmental situations.
The eastern region in China has a relatively good founda-
tion and should give full play to its advantages to actively
carry out “sophisticated” technological innovation and
promote industrial upgrading. The central region is locat-
ed in the connecting zone between the east and the west
of China. Compared with the western region, the infra-
structure construction is somewhat improved, but the
mechanism of technological innovation diffusion is still
slightly inadequate compared with the eastern region. It
is necessary to establish a friendly environment for tech-
nological innovation diffusion. It includes feedback mech-
anism, fiscal and tax incentive mechanism, talent incen-
tive mechanism, and resource integration mechanism to
make the technology diffusion effect more obvious.
Speeding up the construction of infrastructure and im-
proving the infrastructure network are still the key points
for the development of the western region. However, eco-
logical environmental protection needs to be placed in an
important position in the development of the western re-
gion so as to coordinate economic and social development
with resources and environment.

Table 7 Robustness test 2

Formal environmental regulation Informal environmental regulation

VARIABLES IND R&D IND IND R&D IND

ER 0.0490*** (0.00301) − 0.0303***
(0.00757)

0.0491*** (0.00263)

ER2 − 0.00491***
(0.000312)

0.00349***
(0.000889)

− 0.00500***
(0.000254)

IER 0.0371***
(0.00694)

0.0703*** (0.0165) 0.0336***
(0.00735)

IER2 0.00733***
(0.000991)

− 0.00888***
(0.00333)

0.00724***
(0.00101)

R&D 0.0652*** (0.00803) − 0.0154***
(0.00471)

MDI 0.0185*** (0.00123) − 0.0257***
(0.00407)

0.0205*** (0.00196) 0.0419***
(0.00201)

− 0.0431***
(0.00635)

0.0398***
(0.00288)

FDI − 2.778*** (0.399) − 4.844* (2.612) − 1.887*** (0.490) − 1.767*** (0.282) − 5.587*** (1.950) − 1.773*** (0.436)
URBAN 0.0121***

(0.000910)
0.0263***

(0.00344)
0.000697 (0.00121) − 0.000243

(0.000528)
0.0320***

(0.00307)
− 0.00306***

(0.00107)

L.IND 0.765*** (0.00549) 0.763*** (0.00804) 0.652*** (0.00809) 0.664*** (0.00995)

L.R&D 0.764*** (0.0207) 0.754*** (0.0236)

Constant − 0.484*** (0.0525) 1.240*** (0.215) − 0.527*** (0.0430) − 0.0126 (0.0216) 1.240*** (0.132) 0.000152 (0.0462)

AR(1) − 3.3839 (0.0007) − 3.1243 (0.0018) − 3.4688 (0.0005) − 3.1135 (0.0018) − 3.1382 (0.0017) − 3.1673 (0.0015)
AR(2) − 0.35333 (0.7238) 0.3413 (0.7329) − 0.43407 (0.6642) 1.1243 (0.2609) 0.29811 (0.7656) 1.1148 (0.2649)

Sargan. (p
value)

0.5099 0.4249 0.5780 0.4720 0.4351 0.5037

Sargan test results are over-recognized test values, AR (1) and AR (2) respectively represent the first-order and second-order difference residual
sequences of the Arellano-Bond autocorrelation test

Standard errors in parentheses ***p < 0.01; **p < 0.05; *p < 0.1
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