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The Porter hypothesis suggests that well-designed environmental regulation can trigger
regional technological innovation that helps gain competitiveness. Little attention has been
paid to whether China’s urban environmental legislation supports Porter hypothesis (PH).
An empirical test was conducted based on panel data of 218 prefecture-level cities during
2003–2017 to examine the effects of urban environmental legislation on innovation and
green total factor productivity (green TFP). The findings reveal that the urban environmental
legislation increased the number of local green patents, which means that the weak Porter
hypothesis was established. However, the urban environmental legislation did not lead to
an increase in green TFP so that the strong version of PH did not hold. Further analysis
showed that the urban environmental legislation led to the decline of green TFP and the
increase of green patents in the west of China, but in the east and central cities, the
changes were not visible. Besides, the legislation did not promote green TFP improvement
through green innovation in the short term, which means it did not realize process
compensation.
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1 INTRODUCTION

The green innovation is necessary for sustainable economic development (Peng et al., 2020a; Zhao
et al., 2020). Due to the high investment, high risk, and significant externality of green innovation, it
is necessary to stimulate green innovation through environmental regulation (Peng et al., 2019c; Tu
et al., 2019; Zhong et al., 2020; Peng et al., 2021a). Environmental legislation -the most direct and
effective means of environmental regulation-is gradually favored by policymakers. In recent years, to
prevent environmental pollution and improve the ecological environment, the Chinese government
has been continuously improving its environmental legal system (Fowlie et al., 2012; Gu et al., 2020;
Zhang et al., 2020; Zhong et al., 2021). In particular, after the implementation of the Legislation Law
of the People’s Republic of China (2015 Amendment), local governments (municipalities with
districts established) are allowed to exercise greater legislative power than before, especially in the
realm of environmental regulation, marking a new starting point on China’s environmental
regulation dynamics (Wang et al., 2019a; Wang et al., 2019b; Wang et al., 2021). In general,
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from the Amendment of the Legislative Law in 2015 to the end of
December 2017, a total of 206 prefecture-level cities promulgated
398 local laws, with an average of 14.74 issued by provinces and
autonomous regions. The provinces with the highest number of
such regulations are Shandong (38 pieces), Anhui (36 pieces),
Jiangsu (33 pieces), Guangdong (28 pieces), Henan, Hubei,
Zhejiang (27 pieces each), and Hunan, Sichuan (23 pieces
each), accounting for 65.8% of the national total.

As an essential part of local governance, the relationship
between local environmental regulations and enterprise
decision-making behavior has received widespread attention in
academia (Milani, 2017). Existing literature that discussed local
environmental regulations and enterprise decision-making
behaviors mainly focused on the innovative behavior and
relocation behavior of enterprises (Zheng et al., 2020; Elahi
et al., 2021b; Elahi et al., 2022a). There are two popular
theories: Pollution Haven Hypothesis and Porter Hypothesis.
The Pollution Haven Hypothesis (PHH) holds that in an open
economy, companies of pollution-intensive industries will move
to countries or regions with less strict environmental policies
(Sheng et al., 2019; Peng et al., 2021b; Wang et al., 2021), and
these countries will become a Haven for pollution (Copeland and
Taylor, 1994; Levinson and Taylor, 2008; Dincer et al., 2018). The
Porter Hypothesis (PH) believes that the impact of environmental
regulations on enterprises is dynamic because environmental
regulations can stimulate enterprises to innovate (Porter, 1991;
Porter and Linde, 1995). Although environmental regulations can
increase the production and operation costs of enterprises,
products can be more competitive through innovation (Peng
et al., 2018; Peng et al., 2019b; Peng et al., 2021c). Jaffe and Palmer
(1997) divided the PH into three levels, namely Weak Porter
Hypothesis, Strong Porter Hypothesis, and Narrow Porter
Hypothesis. The weak version of PH implies that stricter
environmental policies will stimulate innovation, while the
strong PH is that environmental policy can increase the
overall productivity of enterprises. The narrow PH states that
under the specific environmental policy, such as flexible and
market-based tools, productivity improvements and changes in
the direction of innovation are more likely to be achieved.

This paper used the panel data of 218 prefecture-level cities in
China from 2003 to 2017 to systematically evaluate the PH of
local environmental legislation and explore its mechanism as
much as possible. Compared with previous literature, the main
innovations can be written as: 1) Based on the implementation of
national environmental legislation after 2015, the virtual variables
of urban environmental legislation are set to characterize
environmental decentralization, and DID model is used to
evaluate the impact of environmental decentralization on
green innovation. 2) This paper explores the impact of
environmental decentralization on green innovation from the
perspectives of green patent and green TFP, and avoids the
phenomenon of “pseudo innovation” in environmental
decentralization.

The remainder of the paper is organized as follows. Section 2
belongs to the literature review. Section 3 presents models,
variables, and data descriptions. Section 4 includes the
analysis of benchmark results, the robustness test, and the

extensibility analysis. Section 5 is related to the analysis of the
mechanism. Section 6 presents the conclusion and discussion.

2 LITERATURE REVIEW

To prevent environmental pollution, the government has
continuously improved the construction of the environmental
legislation system, of which local environmental legislation is an
important element and the most basic institutional arrangement
(Gu et al., 2019). Environmental legislation affects enterprise
production, technology, and environmental management
decisions through incentive and restraint mechanisms.
Environmental legislation mainly restricts the enterprise’s
pollution behavior through the establishment of environmental
quality standards, pollution discharge standards, environmental
monitoring systems, and approval systems for issuing pollution
permits (Peng et al., 2019a; Shen et al., 2019; Tu et al., 2020). It
also regulated the production and discharge of enterprises
through a phase-out system for polluting equipment and a
new cleaner production system. Cleaner production is
imperative for the sustainability of services, in the industrial,
and agricultural sectors (Elahi et al., 2019c; Elahi et al., 2020; Elahi
et al., 2022b).

2.1 The Impact of Environmental Legislation
on the Economy
Existing literature on environmental legislationmainly focuses on
the impact of environmental legislation on productivity. Some
studies have found that environmental legislation increased
productivity. For example, Albrizio et al. (2017) focused on
the changes in environmental policy stringency. They found
that a tightening environmental policy could motivate
industry-level productivity to grow in the short term.
However, only the most productive firms experienced a
temporary boost in the short term. Song et al. (2018) adopted
the green TFP instead of the TFP and found that only appropriate
fiscal decentralization could stimulate green TFP growth with the
panel data of 11 provinces in the Yangtze River economic belt
from 2000 to 2015.

Other studies have found that environmental legislation hurts
productivity. Lanoie et al. (2008) tested the PH in the Quebec
manufacturing sector and found a negative influence on
contemporary productivity. Tombe and Winter (2015)
demonstrated that environmental policies created distortions
and then enterprises and sectors misallocated investment in
pollution and cleaning inputs, thereby reducing productivity.
Hancevic (2016) discovered that the 1990 Clean Air Act
Amendments had a negative influence on the productivity of
coal-fired boilers in the U.S. Wang et al. (2018) found that water
quality regulations had no statistically significant effects on
surviving firms’ productivity but could reduce their output
values and their COD emissions. Li et al. (2019) found that
the Clean Air Action resulted in a decrease in production in the
provinces of Hebei and Tianjin between 2013–2017, with no
significant impact on Beijing. Lange and Redlinger (2019) found
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that new oil regulations had no manifest effect on drilling and
production rates, but some of the small operators reduced
production and exited the market.

Previous studies found that environmental regulation has an
essential impact on the performance of enterprises; however, the
specific effect is inconclusive. The underlying reasons are the data
and the stringency of law enforcement in different regions.

2.2 The Impact of Environmental Legislation
on Green Innovation
Research on green innovation started with driving eco-innovation by
Fussier (1996). Green innovation is based on innovation and can be
characterized by novelty, value, and the ability to save resources and
protect the environment (Elahi et al., 2019a). With the advancement
of research, the measurement and interpretation of green innovation
have received a great deal of attention from scholars. The
measurement of corporate innovation usually depends on R&D
expenditure and the number of patents. Brunnermeier and Cohen
(2003) analyzed the data of 146 manufacturing industries in the
United States from 1983 to 1992. They found that firms will only
innovate when spending on pollution abatement increases, regardless
of the increase in existing regulations and enforcement activity, and
innovation is more likely to occur in internationally competitive
industries. A study of Japanesemanufacturing industries showed that
pollution control expenditures had a positive relationship with the
R&D expenditures and a negative relationship with the average age of
capital stock. Simultaneously, the increase in R&D investment,
stimulated by the regulatory stringency, could contribute to total
factor productivity growth (Hamamoto, 2006). As well as Yang et al.
(2012) who researched Taiwan industries from 1997 to 2003, found a
similar conclusion that a positive relationship existed between stricter
environmental enforcement and R&D expenditure, and the increased
R&D expenditure furthermore positively affected the productivity.
However, this relationship is not statistically significant. Endres and
Friehe (2011) argued that if technological change reduces the
marginal abatement costs at all levels, then it is socially optimal
for polluters with advanced abatement technologies to be incentive by
law to diffuse their technologies under strict liability. However, if
technological change reduces (increases) the marginal costs of low
(high) levels of abatement, negligent behavior may give rise to better
incentives for diffusion than a strict legal liability. A more stringent
environmental regulation provided a positive effect on increasing
investments in advanced technological equipment and innovative
products (Testa et al., 2011).

However, the literature showed that the environmental legislation
in other regions has not promoted innovation in most local
enterprises (Peng et al., 2020b; Huang et al., 2021; Zhao et al.,
2022). Kneller and Manderson (2012) analyzed data from the UK
manufacturing industry to show that environmental regulation does
not have a positive effect on total R&D or total capital accumulation,
and environmental R&D may crowd out non-environmental R&D.
de Miguel and Pazo (2017) found that environmental regulations in
Spain positively affected process innovation in large firms, but
product innovation only occurred in small firms (up to 200
workers). Qiu et al. (2018) revisited the PH in monopolistic
competition and found only innovation investment by high-

capacity firms grows. Shi et al. (2018) found that China’s Carbon
Emissions and Trading Pilot (CCETP) would significantly reduce
enterprise innovation, and it even had a significant effect on non-
regulated enterprises and other enterprises in the local region. Zhang
et al. (2019) found a positive relationship between green patenting
and the performance of state-owned enterprises. This kind of
relationship mainly existed after 2006 when the government
began formal legislative support to the green industry.

Previous researches provide us with ideas for analyzing the
relationship between environmental legislation, productivity, and
green innovation. However, there are still several deficiencies as
follows: Firstly, previous studies mainly focused on pollution
charges and marketable pollution permits. However, these
indicators have a rough understanding of policy characteristics
and lack consideration of environmental legal constraints and
legal enforcement. Secondly, most of the existing studies found
the impact of environmental legislation on traditional
productivity and ignored undesired outputs and inputs.
Thirdly, most of the existing literature only discussed the
impact of environmental regulation on economic effects, but
does not distinguish between the strong PH and the weak PH.

3 MATERIAL AND METHODS

3.1 Source of Data
From 2003 to 2017, the panel data was collected from 218 cities in
China. The data were collected from the China City Statistical
Yearbook (2004–2017). The number of environmental
regulations enacted by prefecture-level cities and municipalities
each year comes from CNKI. Patent and green patent data comes
from the World Intellectual Property Organization (WIPO). All
price-based indicators are current prices. To eliminate the impact
of inflation, we used the provincial-level GDP index (2003 = 100)
for deflation. The GDP index of each province was collected from
the China Statistical Yearbook (2004–2017). The actual use of
foreign direct investment has been adjusted to be denominated in
RMB after the exchange rate adjustment, and the exchange rate is
found on the website of the National Bureau of Statistics.

3.2 Statistical Model
After the implementation of the new Legislative Law of the People’s
Republic of China in 2015, prefecture-levelmunicipalities are allowed
to exercise greater legislative power than before. However, there were
some differences in the announcement and implementation of
environmental regulations by each city, which creates an
opportunity to evaluate the effect of prefecture-level urban
environmental legislation on green innovation using the
difference-in-difference (DID) method. According to the regional
and temporal differences of environmental law enactments by cities,
we empirically test the impact of urban environmental legislation on
green innovation by constructing the following models:

GMit � f1(treatitppostit, treatit, postit, Zit) + μit + eit (1)

GPit � f1(treatitppostit, treatit, postit, Zit) + μit + eit (2)
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As shown in Eqs 1, 2, GMit represents the growth rate of green
TFP of the city i at time t, and GPit represents the green
innovation of city i at time t. treatit is a city dummy variable.
The city implementing environmental regulations in year t has a
value of one; otherwise 0. postit is a time dummy variable. After
the implementation of urban environmental regulations, the
value is one and 0 and vice versa. Interaction term tratit*postit
represents urban dummy variables after the implementation of
environmental legislation in cities. Its estimated coefficient is the
difference between the impact of urban environmental legislation
on the treatment group and the control group. μit is the individual
fixed effect, and eit is the error term which is assumed to be
normally distributed at zero mean value and constant variance
(Elahi et al., 2018; Elahi et al., 2019b; Elahi et al., 2021a).

This paper divides the impact of urban environmental legislation on
green innovation into strong PH testing (impact on green productivity)
andweak PH testing (impact on the number of green patents granted).
The significance of the distinction between the strong-weak PH is that
the impact of urban environmental legislation on green productivity
and green patents is different. Porter’s Hypothesis believes that strict
and proper environmental regulations can force companies to engage
in green innovation research because companies can reduce their
environmental management cost through technological innovation
(Porter et al., 1995).

Besides, the Pollution Haven Hypothesis and the Porter
hypothesis, two seemingly independent theories of environmental
regulation affecting corporate decision-making behavior, are
intrinsically linked. Most existing studies have ignored that for
polluting companies, local innovation and relocation are choices
for reducing environmental management costs. It can be
considered that the decision of local innovation and offsite transfer
of an enterprise depends on the relative environmental regulation cost.
In terms of green productivity at the city level, the reduction of
pollution from energy-intensive and pollution-intensive enterprises
(referred to as the double-intensive enterprises), whether using local
innovation or relocation, may contribute to green productivity growth
at the city level. On the one hand, if the “double-intensive” enterprises
choose the alternative of local innovation, their green patents and
green productivity may increase at the same time. Based on data from
Japan’s rapid industrialization from 1960 to 1970, Hamamoto (2006)
found that strict environmental regulations were conducive to
research and development capabilities improvement and further
realized productivity improvements. On the other hand, if the
“double-intensive” enterprises are relocated, energy consumption
and bad output will be reduced, which will improve green
productivity. However, relocation does not increase local green
patent output. To conduct a comparative study, we also considered
the equations of the traditional productivity and non-green patent in
which the dependent variables are not energy-environment factors.

3.3 Variables
3.3.1 Green Total Factor Productivity
Similar to the method of Song et al. (2018), this paper used the
slacks-based measure (SBM) method to measure the growth rate
of green total factor productivity. The input includes 1) Labor, the
number of employees (10,000 people) at the end of the year. 2)
Capital1. For the estimation of the capital stock at constant prices,
we used the actual investment amount divided by the sum of the
urban economic growth rate and depreciation rate to estimate the
capital stock at the beginning of the period. It used the price index
to deflate to the constant price of 2003 (10,000 yuan). 3) Energy.
We used prefecture-level cities’ electricity consumption data as an
indicator of energy consumption (10,000 kWh). The output
includes 4) Expected output, GDP of prefecture-level cities
with constant prices in 2003 (10,000 yuan). 5) Fume,
industrial fume emissions (tonnes). 6) Sulfur dioxide,
industrial sulfur dioxide emissions (tonnes). 6) Wastewater,
industrial wastewater discharge (10,000 tons).

3.3.2 Green Innovation
Green innovation is difficult to measure directly. There are two
general categories of indicators: the first is research and
development input (R&D) which measures green innovation
investment; the second is the number of patent approvals that
measure the output of green innovation. However, of these
indicators, only patent data can provide sufficient green and
non-green technology information. Therefore, we choose the
number of green patents granted as the proxy indicator of
green innovation. To develop a comparative analysis, we also
analyze the results of the model with the number of patents
granted as the dependent variable.

The World Intellectual Property Organization2 (WIPO)
launched an online tool the Green List of International Patent
Classifications, designed to facilitate the retrieval of
environmentally-friendly patents in 2010. There are seven major
categories: transportation, waste management, energy conservation,
alternative energy production, administrative supervision and
design, agriculture and forestry, and nuclear power.

3.3.3 Urban Environmental Legislation
Many previous studies used environmental pollution charges and
pollution permits to describe the stringency of environmental

TABLE 1 | Classification of cities.

Year Special cities (52) General cities Treatment
group (22)

Control group (196)

2003–2014 Implemented Not promulgated Not promulgated
2015–2017 Implemented Promulgated & Implemented Not promulgated/Not implemented

1Since the China Urban Statistical Yearbook (2018) does not count the amount of
fixed asset investment. We estimated the fixed asset investment in each city in 2017
based on the average annual growth rate of fixed asset investment in each city from
2014 to 2016 and the fixed asset investment in each city in 2016.
2https://www.wipo.int/classifications/ipc/en/green_inventory/.
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regulation. Some studies also selected some indirect indicators as
proxy variables, such as the relative discharge of pollutants, the
amount of environmental pollution treatment investment per
capita, and the operating costs of treatment facilities. These
indicators have a rough description of environmental
regulations and lack legal binding power. Based on this, this
study intends to use the implementation of environmental
legislation by prefecture-level municipalities to characterize
environmental legislation. The annual environmental laws
enacted and implemented by each prefecture-level city and
municipality directly under the central government were
obtained from the CNKI. The detailed steps were as follows:
based on the advanced search of the CNKI, first, we use Python to
crawl all the law-related links, and then crawl the data such as
their titles, publication dates, validity levels, and author
institutions and keywords one by one. According to the
crawled data, we manually collated and formed a panel data of
the number of environmental laws and regulations of each
prefecture-level city and municipality under the Central
Government.

As shown in Table 1, the research object is 218 general
prefecture-level cities. The treatment group consists of 22
cities that had implemented environmental laws from 2015 to
2017, and their value of urban environmental legislation is 1. The
control group was 196 cities that had not implemented
environmental laws, and whose value of urban environmental
legislation was 0. We also found that 52 special cities had
implemented urban environmental regulations before 2015,
including four directly-controlled provinces, four special
economic zones, 18 provincial capital cities, and 26 megacities
designated by the State Council.

Environmental legislation refers to the number of
environmental regulations promulgated and implemented by
local prefecture-level municipalities. It differs from national
and provincial environmental laws. First, environmental
regulations at the city level must be consistent with laws of
the higher level. Second, city-level regulations are often more
specific than national and provincial laws. For example,
according to the city-level regulations on water pollution, the
sewage treatment methods of residents and enterprises are clearly
defined. The penalties for different levels of offense are clear.
Most importantly, urban environmental regulations can adapt to
regional characteristics. If the city is a heavily metal polluted area,
it is more likely to enact regulations for heavy metal pollution.

3.3.4 Control Variables
1) Government fiscal expenditure level. Facing the failure of
market mechanisms, the government’s financial leverage
provides companies with material and financial support for
green innovation. We used the ratio of local fiscal expenditure
to local GDP to represent the level of local government fiscal
expenditure. 2) Industrial structure. The optimization and
upgrading of the industrial structure are conducive to the
improvement of green innovation. The ratio of the output
value of the secondary industry to regional GDP represents
the industrial structure in each region. 3) Degree of openness.
The greater its degree of openness to the world, the more intense

the competition, and the more urgent the desire to increase
investment in science and technology to improve the green
innovation capabilities. Besides, in the process of opening to
the world, each city absorbed advanced technologies to improve
its green innovation capabilities. The proportion of foreign direct
investment in regional GDP is used to indicate regional openness.
4) Regional economic development level. The higher the level of
regional economic development, the less capital pressure
companies face in green innovation. GDP per capita is used to
represent the level of economic development in the region. 5) The
number of provincial and national environmental legislation. We
used the number of environmental laws enacted by provincial and
national people’s congresses and standing committees to
represent provincial and national environmental legislation.
The summary of descriptive statistics is given in Table 2.

4 RESULTS AND DISCUSSION

4.1 Benchmark Regression
Table 3 reports the benchmark regression results, where column
1 is the regression result with traditional TFP as the explanatory
variable, column 2 is the regression result with green TFP as the
explanatory variable, and column 3 is the regression result with
the traditional patent grant as the explanatory variable, and
column 4 is the regression result with the green patent grant
as the explanatory variable.

Results found that urban environmental legislation had a
significant negative impact on green TFP at the level of 1%,
that is, urban environmental legislation reduced local green
productivity. The result is basically consistent with the
conclusion of Xie et al. (2017). They argued that
notwithstanding the improvements in energy efficiency and
environmental efficiency of the manufacturing industry enticed
by environmental regulation, the emergence of rebound effect
leads to increased energy consumption and aggravated
environmental damage and thus green TFP is significantly
restrained. Furthermore, current environmental legislations in
China are not systematic and comprehensive so that they cannot
work together to energize green development of the
manufacturing industry. Although environmental quality has
improved, it is not conducive to technological progress, thus
inhibiting green TFP (Yuan and Xiang, 2018).

Urban environmental legislation had a significantly positive
impact on green patents; that is, urban environmental legislation
increased the number of green patents in a region. The result is
consistent with the conclusion of Kesidou andWu (2020). They find
that firms, located in provinces with stricter pollution targets,
produced a higher volume and intensity of green patents. The
possible reason was that environmental regulations stimulated
polluters to innovate. Specifically, under the increasingly complete
environmental legislation system, enterprises may be forced to
improve production technology and reduce pollution. Otherwise,
polluting enterprises would face the risk of fines or other penalties.
Whether it is innovative or not, the cost of the business would rise in
a short term, because under the stricter environmental regulations, a
company has to choose whether to invest more in discharge
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reduction technology or relocate, or be fined for pollution (Peng et
al., 2022a; Peng et al., 2022b; Wu et al., 2021; Zhao et al., 2021).
Environmental regulations may stimulate companies’
environmental R&D expenditures, replacing non-environmental
R&D expenditures. Environmental regulations would not lead to
a decline in overall R&D levels. This increased environmental R&D
was applied and resulted inmore patent applications. The increase in
patent activity may come from two different processes. On the one
hand, it can be entirely attributed to green patents. For example, if
environmental innovation requires more patents than overall
innovation, it will promote green patent research work. On the
other hand, the shift of R&D activities to green innovation may
indeed encourage companies to overcome inertia and increase non-
green innovation (Rassier and Earnhart, 2015; Rubashkina et al.,

2015). The urban environmental legislation can promote the
establishment of the weak PH, but the strong PH is not valid in
a short time.

4.2 Robustness Test
4.2.1 Propensity Score
Matching-Difference-in-Difference Model
Heterogeneity among cities may be significant, and they may not
have the same time effect. Therefore, to eliminate sample
selection bias, Propensity Score Matching (PSM) was used to
select a group of non-legislative cities as the control group whose
characteristics were similar to those of the treatment group. The
kernel density function curve was drawn after matching the
propensity scores of the treatment group and the control

TABLE 2 | Descriptive statistics of the main variables.

Variables Definition Mean Standard
deviation

TFP Productivity growth rate without consideration of energy and environmental factors (labor and capital as
inputs; GDP as output)

0.936 0.210

Green TFP The growth rate of productivity considering energy and environmental factors (labor, capital and energy as
inputs; GDP, fume, sulfur dioxide, waste water as output)

1.041 0.279

Green patent Number of green patents retrieved according to the International List of Green Patent Classifications (unit:
piece)

47.212 111.148

Non-green patent Number of non-green patents (unit: piece) 743.998 1843.303
Urban environmental
legislation

Whether the city implements local environmental laws (1 = yes; 0 = no) 0.110 0.313

Government expenditures Government fiscal expenditure as a percentage of regional GDP (%) 20.072 23.349
Industrial structure The output value of the secondary industry as a percentage of the regional GDP (%) 48.668 11.658
Foreign capital dependence The actual amount of foreign capital utilized in that year as a percentage of regional GDP (%) 1.921 2.767
GDP per capita GDP per capita (Unit: 10,000 yuan, 2003 price) 3.204 11.486
National environmental law Number of national environmental laws implemented in the year 1.533 1.258
Provincial environmental law Number of provincial environmental laws implemented in the year 1.379 1.629

TABLE 3 | Results of benchmark regression.

Variables TFP Green TFP Non-green patent Green patent

Urban environmental legislation −0.0434 −0.1203*** 1571.0105** 113.2856***
(0.0411) (0.0404) (639.6923) (42.1988)

Government expenditures 0.0053*** 0.0073*** −7.9927** −0.5939***
(0.0011) (0.0013) (3.4518) (0.2240)

Industrial structure 0.0006 0.0026 −37.6901*** −2.4423***
(0.0014) (0.0019) (11.4358) (0.6861)

Foreign capital dependence 0.0052 −0.0050 −75.9218*** −4.6778***
(0.0059) (0.0042) (28.2584) (1.7061)

GDP per capita −0.0004*** 0.0002 0.0302 −0.0119
(0.0001) (0.0001) (1.6838) (0.1210)

National environmental law −0.3958*** −0.0118 −1116.263*** −80.8947***
(0.0633) (0.0672) (185.6192) (11.2675)

Provincial environmental law 0.0002 0.0030 6.3912 0.9050
(0.0021) (0.0031) (23.0281) (1.4420)

Constant 1.2563*** 0.8186*** 6673.0788*** 465.0209***
(0.0793) (0.0853) (1153.4696) (70.0402)

Year fixed effect yes yes yes yes
City fixed effect yes yes yes yes
N 3052 3052 3270 3270
R-squared 0.2506 0.3401 0.2726 0.3222

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.
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group (Figure 1). Before the kernel matching, there was a specific
difference in the probability density distribution of the propensity
scores of the two groups of samples. If they were not matched, a
direct comparison of the differences between the two groups of
sample cities would result in estimation bias. After the nearest
neighbor matching was completed, the probability density
distribution of the two groups of samples tended to be
consistent, and the selectivity bias of the samples was
eliminated. In this study, the impact of urban environmental
legislation on green productivity and green innovation was re-
estimated using the PSM-DID. The estimation results were
consistent with the benchmark results (Table 4).

4.2.2 Grouped Sample
The promulgation of laws generally means that relevant voting
procedures are passed, and the news is announced to the public, but
the laws do not necessarily take effect. Therefore, some cities have
enacted relevant urban environmental legislation, but it will not be
formally implemented until next year.When the law is introduced, it
will have an impact on the productivity and innovation activities of
enterprises or cities, even if they are not implemented yet. Therefore,
the control group and treatment group were set again based on the
introduction time, and the regression results were consistent with the
benchmark results (Table 5).

4.2.3 Counterfactual Estimation
The comparison between the control group and the treatment
group is a hypothetical prerequisite for analyzing the impact of

urban environmental legislation on green innovation. If the fact
that urban legislation does not exist, the green innovation
between the treatment group and the control group would not
change over time. Therefore, this hypothesis is tested empirically
using the counterfactual test. We selected the cities from 2015 to
2017 that had not promulgated environmental legislation.
Assume that they were cities with environmental legislation,
and test them based on the benchmark regression. The
benchmark results lead to the placebo effect with the change
of the control group, thus explaining the robustness of the
benchmark results (Table 6).

4.2.4 Set Policy Timing
Following Shaw et al. (2014), we selected 31 December 2016, as
the urban environmental legislation implement node for city
cluster construction, and took cities that have implemented local
environmental laws before 31 December 2016, as the treatment
group. Because some cities also implemented environmental laws
after 1 January 2017, we removed those cities from the control
group. The results of common policy points were consistent with
the benchmark results (Table 7).

4.3 Heterogeneity Analysis
4.3.1 Discussion by Region
The impact of urban environmental legislation on green
productivity and innovation varies from region to region.
Hering et al. (2014) considered the differences in location
characteristics in the empirical analysis. Regardless of TCZ

FIGURE 1 | Kernel density distribution of the tendency scores.

TABLE 4 | Results of PSM-DID.

Variables TFP Green TFP Non-green patent Green patent

Urban environmental legislation −0.0104 −0.0805** 1433.8838** 104.5866**
(0.0404) (0.0310) (637.8361) (41.7182)

Control variables Yes Yes Yes Yes
Constant 1.2954*** 0.7916*** 8399.1342*** 577.2680***

(0.0745) (0.0654) (1563.7763) (92.0704)
N 2995 2995 3213 3213
R-square 0.2205 0.1626 0.2893 0.3401

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.
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policy, differences in location characteristics may lead to higher
demand for clean environments in TCZ cities. They found that in
the inland provinces where labor and land factors were cheaper,
more businesses have been relocated or established. Polluting
companies may find less developed areas more attractive as there
may be fewer concerns about environmental damage.

The economic gap between different regions of China is large. In
2017, eight of China’s top ten GDP per capita cities were in the east
and only two in themiddle.Moreover, income affects environmental
legislation and innovation to a certain extent. The higher the income,
the stronger will be demand for a clean environment, and the more
likely it is to stimulate corporate innovation. Polluters may be forced
to relocate for environmental reasons. Different regions have
different industrial structures and environmental pollution. The
tertiary industry has the largest share in eastern regions. The
secondary industry causes pollution enormously, which has a
more complex distribution. For example, the textile and clothing
industry clusters aremainly distributed in the eastern coastal regions,
while the machinery manufacturing industry is mainly concentrated
in the central regions. To further analyze the situation in different

regions, we divided China into eastern, central, and western regions
and performed regression analysis. The results are given in Table 8.

Table 8 reports the regression results for the sub-region
samples. The impact of urban environmental regulations on
green TFP in western cities was significantly negative, but not
significant in the eastern and central regions. Urban
environmental legislation had a significant impact on green
patents in the western region but had no significant impact on
green patents in the eastern and central regions. The possible
reason was that the polluting industries in the eastern and central
regions were transferred to the western region, so the impact of
local environmental regulations on their green productivity and
patents was not significant. As a result of undertaking the
industrial transfer from the eastern and central regions, local
environmental legislation in western regions would be
strengthened and green patents would be stimulated. However,
industries in the western region could not move to the central and
eastern regions where environmental regulations were stricter
and land and labor prices were higher, so the green productivity
declined.

TABLE 5 | Estimated results based on the time of introduction.

Variables TFP Green TFP Non-green patent Green patent

Urban environmental legislation −0.0089 −0.0736*** 1363.0785** 101.9562***
(0.0344) (0.0269) (575.9438) (38.8113)

Control variables yes yes yes yes
Constant 1.2956*** 0.7924*** 8416.3229*** 577.9549***

(0.0743) (0.0651) (1566.1399) (92.1629)
N 2995 2995 3213 3213
R-square 0.2205 0.1626 0.2899 0.3416

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.

TABLE 6 | Counterfactual test.

TFP Green TFP Non-green patent Green patent

Urban environmental legislation −0.0488 −0.0913* −118.9754 −0.1751
(0.0364) (0.0533) (280.5396) (19.2499)

Control variables yes yes yes yes
Constant 1.2625*** 0.8374*** 7088.5138*** 487.6648***

(0.0768) (0.0834) (1271.7227) (77.5787)
N 3052 3052 3270 3270
R-square 0.2517 0.3413 0.2605 0.3066

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.

TABLE 7 | Results of policy timing when 2016 is the common policy time point.

TFP Green TFP Non-green patent Green patent

Urban environmental legislation −0.0460*** 0.0063 1325.5183** 88.3300**
(0.0176) (0.0247) (615.0889) (42.2909)

Control variables yes yes yes yes
Constant 1.3058*** 0.7864*** 8185.9087*** 556.5817***

(0.0763) (0.0671) (1598.6608) (93.6446)
N 2974 2974 3192 3192
R-square 0.2170 0.1651 0.2729 0.3169

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.
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4.3.2 Impact of Different Types of Environmental
Legislation
Local environmental legislation has various forms, including
general environmental legislation such as the Environmental
Protection Regulations of each province, and different types of
environmental legislation for specific pollutants, such as the
Water Pollution Prevention Regulations, Regulations on the
Prevention and Control of Air Pollution, and Regulations on
the Prevention and Control of Environmental Pollution by Solid

Waste. We collected and organized information from policies and
regulations published on the websites of regional environmental
protection bureaus, and selected environmental legislation related
to water pollution and air pollution to examine the impact of
different types of environmental legislation on green TFP and
green patents. Table 9 reports the impact of different types of
environmental legislation on green TFP and green patents.
Moreover, it is found that the regression results of different
types of environmental legislation are similar to the
benchmark results (Table 9).

5 MECHANISM ANALYSIS

5.1 Mediation Effect
A potentially important channel for environmental policies to
affect companies is innovation. Increased innovation activities
may lead to increased efficiency and productivity (Albrizio et al.,
2017). To test the impact mechanism of urban environmental
regulations on green productivity, we introduced a model of
intermediary mechanisms.

This paper used green patents as the mediation and
constructed the mediation effect model as follows:

GMit � f1(treatitppostit, treatit, postit, Zit) + μit + eit (3)

TABLE 8 | Regression results by region samples.

Variables The eastern region The central region The western region

Green TFP Green patent Green TFP Green patent Green TFP Green patent

Urban environmental legislation 0.0081 37.7621 −0.1393 −0.4525 −0.2871** 27.415***
(0.0325) (63.8230) (0.0866) (15.9739) (0.1125) (8.8020)

Control variables yes yes yes yes yes yes
Constant 0.8539*** 788.89*** 0.8559*** 53.6934 0.51*** 140.57***

(0.0790) (258.18) (0.2433) (40.5936) (0.1772) (23.1988)
Year fixed effect yes yes yes yes yes yes
City fixed effect yes yes yes yes yes yes
N 938 1005 1176 1260 938 1005
R-square 0.1946 0.4798 0.5569 0.4611 0.2412 0.4859

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.

TABLE 9 | Impact of different types of environmental legislation on green innovation.

Variables Environmental legislation related to water
pollution

Environmental legislation related to air
pollution

Green TFP Green patent Green TFP Green patent

Urban environmental legislation −0.0495 90.3272** −0.1441** 230.3955**
(0.0517) (42.2471) (0.0678) (114.3627)

Control variables yes yes yes yes
Constant 0.8390*** 478.6495*** 0.8324*** 477.9144***

(0.0841) (74.1902) (0.0841) (70.3653)
Year fixed effect yes yes yes yes
City fixed effect yes yes yes yes
N 3052 3052 3052 3270
R-square 0.3383 0.3391 0.3391 0.3261

Standard errors are given in parentheses. *, **, and *** represent level of significance of parameters at 10, 5, and 1%, respectively.

TABLE 10 | Regression results of the intermediary effect.

Variables Green TFP Green patent Green patent

Urban environmental legislation −0.1203*** 113.2856*** −0.1233***
(0.0404) (42.1988) (0.0400)

Green patent —— —— 0.0001
—— —— (0.0001)

Control variables yes yes yes
Constant 0.8186*** 465.0209*** 0.8200***

(0.0853) (70.0402) (0.0851)
Year fixed effect yes yes yes
City fixed effect yes yes yes
N 3052 3270 3052
R-squared 0.3401 0.3222 0.3401

Standard errors are given in parentheses. *, **, and *** represent level of significance of
parameters at 10, 5, and 1%, respectively.
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GPit � f1(treatitppostit, treatit, postit, Zit) + μit + eit (4)

GMit � f1(treatitppostit, GPit, treatit, postit, Zit) + μit + eit

(5)
GMit is the green total factor productivity, GPit is the number of
green patent authorization, Zit is a series of control variable
vectors, μit is the individual fixed effect, and eit is the residual.
According to the principle of the mediation effect model (Pessoa,
2005), if the regression coefficients of treatitppostit in Eqs 3, 4,
and the regression coefficients GPit of Eq. 5 are all significant, it
indicates the existence of the intermediary effect (Table 10).

The study found that urban environmental legislation could
significantly promote green innovation. However, the number of
green patent grants had no significant impact on green
productivity and traditional productivity. It indicates that
urban legislation has promoted green innovation and formed
product compensation. However, innovation has not yet
contributed to green TFP, and the intermediary effect was not
significant. Therefore, urban legislation has not improved green
TFP through green innovation.

The possible reason for this phenomenon is that some green
patents are not invented or applied by enterprises but by non-
enterprise, such as universities. According to the China Green
Patent Statistics Report (2014–2017), among the top 20 green
patent applicants in China from 2014 to 2017, 16 were domestic
universities and only four were domestic enterprises. It shows that
most of the domestic green patents are contributed by universities
instead of enterprises, but universities alone cannot complete the
transformation of inventions into production, thus, the relationship
between green patents and green TFP is not distinctive.

5.1.1 Testing of Hypothesis
Another possible reason that green innovation has not
contributed to green productivity is that the effect of
environmental policy may have a time lag. The process from
policy incentives to innovative research and development, the
implementation of innovative technologies, the application of
patents, and the adoption of economic effects will take many
years (Andrews et al., 2014). Therefore, we used the lagging term

of green innovation to make further tests, and respectively put the
lagging term of green innovation into one period, two periods,
and three periods, and combined it with the mediation effect
model to analyze whether environmental legislation affects green
productivity through the lagging term of green innovation.
Results of Table 11 show the regression results of Eq. 5 in the
mediation effect model. The results show that green innovation
has no significant effect on green productivity, no matter how
many lag periods have been taken into consideration. Therefore,
process compensation has not been implemented yet.

Standard errors are given in parentheses. *, **, and ***
represent level of significance of parameters at 10, 5, and 1%,
respectively.

6 CONCLUSION AND POLICY
IMPLICATIONS

6.1 Conclusion
In recent years, environmental protection has become a major
concern for policymakers and academia. Environmental
legislation is considered to be the most direct and effective
means of environmental protection. The public starts to
wonder whether the increasingly perfect environmental legal
system would help to induce the regional Porter effect. Based
on the panel data of 218 prefecture-level cities, we used DID
model to estimate the impact of environmental legislation on
green TFP and green innovation. The result showed that urban
environmental regulations have facilitated the increase in the
number of green patents and formed product compensation; and
therefore, the weak PH was established. However, urban
environmental regulations lead to a decline in green TFP in
the short term. Robustness tests were performed. Besides, the
urban environmental regulations have different impacts on the
eastern, central, and western regions. Environmental legislation
has a significant impact on green TFP and green patents in the
western region, but not a significant impact on the central and
eastern regions. Through the analysis of the intermediary
mechanism, there is no intermediary mechanism between
urban environmental regulations, green innovation, and green
productivity. The legislation encourages companies to innovate,

TABLE 11 | Regression results of the hypotheses.

Variables Green TFP

One phase lag Two phases lag Three phases lag

Urban environmental legislation −0.124*** −0.120*** −0.123***
(0.0361) (0.0355) (0.0358)

The lag of Green patent 6.62e-05 2.45e-05 5.04e-05
(7.65e-05) (9.47e-05) (0.000111)

Control variables yes yes yes
Constant 0.816*** 0.774*** 0.795***

(0.0857) (0.0960) (0.105)
Year fixed effect yes yes yes
City fixed effect yes yes yes
N 3,052 2,834 2,616
R-squared 0.340 0.357 0.366
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so the costs of enterprises rise in the short term, which would lead
to a decline in productivity. Besides, the role of green innovation
in increasing green productivity has not been significant.

6.2 Policy Implications
We examined the relationship between prefecture-level
environmental legislation and green TFP. The result showed
that green innovation would not only help coordinate the
relationship between environmental legislation and green
innovation but also help achieve a win-win situation for
economic development and environmental protection. Based
on the study findings, we propose the following policy
implications.

Firstly, improve environmental laws to stimulate regional
green innovation. Environmental legislation can effectively
promote regional green innovation. However, regional
environmental legislation in China is in the beginning phase.
Therefore, local people’s congresses and governments should
actively conduct the formulation and revision of
environmental laws based on the local environmental
characteristics and economic development phase of the region
to achieve a win-win situation for both economic and
environmental benefit.

Secondly, utilize green patents for the green economy effect.
The intermediary effect results in this study showed that the green
patents have not improved the green economy as expected.
Therefore, the government should encourage universities and

enterprises to cooperate and turn green patents into a green
economy.
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