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Abstract
The relationship between environmental regulation and innovation has long been a key 
issue of scholarly interest. The Porter hypothesis posits that environmental regulations 
can effectively promote innovation. However, with the rapid development of the Internet, 
the relationship between environmental regulation and innovation has changed. Through 
a  theoretical analysis, this paper finds that the development of the Internet can not only 
directly promote innovation but also inhibit innovation through environmental regulations. 
This paper uses Chinese city-level data from 2014 to 2016 to empirically test the relation-
ship among the Internet, environmental regulation, and innovation. The study finds that (1) 
the increase in the Internet level and in the intensity of environmental regulations promotes 
innovation, and the results remain stable after the replacement of the Internet level metrics, 
(2) the increase in the Internet level inhibits the positive effect of environmental regulations 
on innovation, but its inhibitory effect is lower than the promotion effect of the Internet on 
innovation, and (3) the Internet and environmental regulations have a significant promotion 
effect on the application and acquisition of three types of patents, including invention pat-
ents, utility model patents and design patents, with the application and acquisition of utility 
model patents having the greatest promotion effect, and (4) the analysis of heterogeneity 
shows that environmental regulation has a greater effect on innovation in eastern and pro-
vincial capital cities, and the Internet has a greater effect on innovation in western and non-
provincial capital cities. Finally, this article puts forward policy recommendations based on 
three aspects: strengthening Internet construction, implementing environmental regulations 
and policies based on local conditions, and increasing support for R&D and innovation.
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1  Introduction

Since joining the World Trade Organization, China has achieved a comparative advan-
tage with low labor costs and low factor prices that have enabled it to achieve rapid eco-
nomic growth. However, the rapid growth of GDP and the acceleration of urbanization 
have affected China’s environmental quality. According to the “2020 Global Environmental 
Performance Index” survey report jointly issued by authoritative institutions, such as Yale 
University and Columbia University, China’s air quality ranks 120th among the 180 econo-
mies in the world, which is a relatively low ranking. In recent years, the Chinese govern-
ment has repeatedly emphasized high-quality development to implement new development 
concepts, build a new development pattern, and promote sustainable economic and social 
development. The government no longer aims to pursue GDP growth but gives more atten-
tion to environmental issues and emphasizes the harmonious coexistence of people and the 
environment. Therefore, it is of great significance to implement environmental regulations 
during economic development.

However, neoclassical economists believe that the implementation of strict environ-
mental regulations leads to an increase in production costs and, thus, to a decline in the 
international competitiveness of enterprises. This is especially true  in the present, as the 
advantage of low prices of production factors disappears and strict environmental regula-
tions affect the economy. Growth has a certain negative impact. However, since the Porter 
hypothesis was put forward in the 1990s, scholars have offered different views. Although 
the implementation of environmental regulations leads to an increase in enterprise-related 
expenses, it can also force enterprises to innovate. The benefits of innovation can partially 
or completely compensate for enterprises’ losses caused by environmental regulations and 
play a positive role in promoting social development. However, whether environmental 
regulations can promote innovation is still controversial.

At present, the rapid development of the Internet has brought new changes to the field 
of environmental regulation. The emergence of new industries and changes in business 
models have brought both great challenges and new opportunities to traditional enterprises. 
On the one hand, the Internet’s characteristics of not being restricted by time and space 
have provided great convenience to environmental supervision, and the supervision cost 
of government departments has been reduced. Moreover, the public can supervise pollut-
ing companies in real time, which improves the effectiveness of environmental regulations. 
On the other hand, the development of Internet technology has changed the production and 
operation process of enterprises. Enterprises can use Internet technology to transform their 
production processes and sales methods. The transformation of enterprises with the help 
of Internet technology can reduce production costs and promote an increase in corporate 
income. In addition, the internal and external communication methods of enterprises are 
gradually replaced by the more convenient Internet, which reduces the transaction costs of 
enterprises. Therefore, the characteristics of environmental regulation and innovation in 
the context of the Internet are a question worthy of discussion.

The innovation of this article is to study the relationship between environmental regu-
lation and innovation in the context of the Internet. This work has important theoretical 
significance in deepening the Porter hypothesis from the perspective of the Internet. How-
ever, the current literature mainly focuses on the relationship between environmental regu-
lation and innovation, without considering the influence of the Internet on the relationship 
between the two, and there is no systematic study of environmental regulation and innova-
tion in the context of the Internet. This article uses China’s urban data from 2014 to 2016 
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to study this issue. However, this article has some shortcomings. First, due to the difficulty 
of obtaining direct data on environmental regulations and the Internet, this article refers to 
the literature to construct environmental regulations with two single indicators: the sulfur 
dioxide removal rate and the industrial smoke and dust removal rate. The comprehensive 
index uses the city’s total telecommunications business or the number of Internet users to 
represent the city’s Internet development level. However, these variables can only partially 
reflect the intensity of urban environmental regulations and the level of Internet develop-
ment and fail to fully reflect the actual situation. Second, the city patent data of the China 
Research Data Service Platform (CNRDS) are provided only from 2014 to 2016, and some 
cities have not disclosed data on certain indicators. As a result, the data used in this article 
cover a short period and have certain deficiencies. These problems may lead to some biases 
in the conclusions of this article.

According to the research needs, the rest of this article is arranged as follows. The sec-
ond section of this article offers a literature review and theoretical analysis. The third sec-
tion presents the model construction and data explanation. The fourth section is the results 
analysis. The fifth section summarizes the research conclusions and research significance. 
Finally, the sixth section provides policy insights.

2 � Literature review and theoretical analysis

2.1 � Literature review

The literature on the influence of the Internet on innovation started relatively late, but it 
has become one of the hotspots of scholarly research in recent years, along with the link 
between environmental regulation and innovation. The current literature is rich in research 
content on environmental regulation and innovation. The following is a literature review of 
three aspects: the influence of the Internet on innovation, the influence of environmental 
regulation on innovation, and the mechanism of environmental regulation on innovation.

2.1.1 � The influence of the Internet on innovation

Innovation comes from the accumulation of internal knowledge within the enterprise and 
the spillover effect brought about by the overall development of external technology. Lucas 
(2009) believes that technological changes in enterprises originate from communication 
between people, and the exchange of knowledge and viewpoints through this communica-
tion generates new knowledge and brings innovation. The Internet offers advantages that 
improve the way that  companies communicate with the outside world and has changed the 
spread of new technologies and knowledge. Companies can quickly learn new knowledge 
to promote corporate innovation through the Internet (Bygstad & Aanby, 2010) because 
of its characteristics of transcending geographical and time–space restrictions. The con-
venience of Internet use can not only attract a large number of customers but also col-
lect frequent customer feedback. User feedback can help companies develop new products 
and services; especially with the current advanced instant messaging technology, compa-
nies can collect feedback and suggestions in real time through their own official platforms 
or other Internet means. Based on the corresponding feedback, the relevant software and 
hardware facilities can be improved through innovation to attract more customers, thereby 
increasing the company’s revenue (Cheng Liru, 2013). The study of Shahiduzzaman and 
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Alam (2014) in Australia found that Internet-related investment promotes technological 
progress, and a large part of the reason is the spillover effect created  by the development of 
information technology (IT). Kong et al. (2018) studied the impact of Google’s withdrawal 
from China on corporate innovation and found that companies that rely on foreign technol-
ogy continue to be negatively impacted in terms of the intensity and quality of innovation. 
Google’s refusal to provide search services in China significantly reduces the availability of 
corporate innovation information. The availability of information is regarded as one of the 
determinants of enterprise innovation, and its absence can reduce technology-dependent 
enterprise innovation. Goldfarb and Tucker (2019) believe that the development of Inter-
net technology has reduced the costs to enterprises in five aspects, including search, copy, 
transportation, tracking and verification costs. Among them, the reduction in search costs 
can improve the efficiency of information matching between two parties and increase the 
utilization of capital (Dana & Orlov, 2014) and the efficiency of information communica-
tion and organization (Agrawal & Goldfarb, 2008); the reduction in copy costs can improve 
the knowledge or experience of public goods supply (Brynjolfsson & Saunders, 2010; 
Lerner, 2006). In general, the Internet significantly reduces transaction, contract, agency 
and governance costs and innovation perception differences in the process of enterprise 
innovation, magnifies the positive effect of technical personnel and R&D investment on 
innovation, and reduces the level of corporate governance required for enterprise innova-
tion, thereby improving corporate innovation.

Internet use  not only directly affects a company’s R&D process but also promotes 
corporate R&D by increasing productivity and promoting efficiency. A study by Roller 
and Waverman (2001) estimated the micromodel and macroproduction function of tel-
ecom investment in OECD countries from 1970 to 1990. There is a strong causal rela-
tionship between telecommunications infrastructure and productivity that emerges only 
when telecommunications services reach a certain threshold close to the universal level. 
Koutroumpis (2009) estimates the impact of broadband infrastructure and productivity by 
incorporating broadband investment into the production function based on data from 22 
OECD countries from 2002 to 2007. The results show that there is a significant causal 
relationship between broadband investment and productivity. Wilson, 2009) uses a sample 
of 2,000 companies in 1998 to find that computer capital has a significant positive effect on 
total factor productivity. Atrostic and Nguyen (2005) use the data of approximately 30,000 
companies in 1999 to find that the labor productivity of companies that use the Internet is 
3.7–7.2% higher than that of companies that do not use the Internet. Bloom (2005) utilies 
the data of 7000 companies from 1995 to 2004 to find that IT has a significant positive 
impact on productivity.

The above studies show that the Internet directly promotes the improvement in enter-
prise R&D efficiency and indirectly affects R&D investment by promoting the increase in 
enterprise revenue. The reduction in transaction costs can not only lead to the decline in 
corporate R&D costs but also increase the probability of corporate innovation, and corpo-
rate performance increases with the use of the Internet. Therefore, the Internet can signifi-
cantly increase the probability of corporate innovation.

2.1.2 � The impact of environmental regulations on innovation

First, the impact of environmental regulations on innovation is still controversial in aca-
demic circles. The Porter hypothesis, the classic theory put forward by Porter in the 1990s, 
posits that appropriate environmental regulation can promote enterprise innovation; that is, 



13285Impacts of environmental regulation on innovation in the context…

1 3

environmental regulation has an "innovation compensation effect" (Poter, 1995). Among 
the scholars who support this view, some believe that there is a nonlinear relationship 
between environmental regulation and enterprise innovation (Iraldo et al., 2011; Lanjouw 
& Mody, 1996; Popp, 2006). Lei (2018) finds that in the short term, environmental regula-
tions have a depressing effect on carbon emissions and technological innovation. In the 
long term, environmental supervision can strengthen technological innovation and reduce 
the impact of carbon emissions. Overall, the impact of environmental regulations on tech-
nological innovation is not linear but nonlinear with fluctuations. Other scholars believe 
that there is a linear relationship between the two. He et al. (2021) indicate that environ-
mental regulatory policies mainly affect corporate productivity by reducing corporate inno-
vation capabilities, increasing intermediate costs, and weakening corporate financing con-
straints. Although the entry rate of companies in heavily polluting industries is declining 
and the exit rate is rising, these changes do not bring about the restructuring of the industry 
or the improvement in the efficiency of enterprise resource allocation.

However, some scholars believe that environmental regulations have not had a signifi-
cant impact on technological innovation. The reason is that various interfering factors, such 
as human capital, the enterprise scale, and the industrial structure, have a regulatory effect. 
Brunnermeier and Cohen (2003a, 2003b) conducted an empirical study on the relationship 
between environmental regulations and corporate innovation and found that environmen-
tal regulations have no positive impact on corporate innovation. Tong and Zhang (2012) 
revealed that environmental regulations did not significantly promote the innovation per-
formance of enterprises in the central and western regions of China. Cesaroni and Arduini 
(2001) empirically tested the Porter hypothesis and concluded that the capital expenditure 
of environmental regulations has no significant impact on corporate innovation. In addi-
tion, the increase in innovation input caused by environmental regulations has a significant 
impact on business performance and performance in general. The impact of environmental 
performance is not significant. Other studies have supported the finding that environmen-
tal regulation has no effect on innovation (Becker, 2011; Brunnermeier & Cohen, 2003a, 
2003b; Calel & Dechezleprêtre, 2012; Shadbegian & Gray, 2005). In addition, some schol-
ars have found a disincentive effect of environmental regulation on innovation. Scholars 
have also argued that cost and crowding-out effects from environmental regulation can be 
detrimental to innovation (Gray & Shadbegian, 2003; Greenstone et al., 2012; Hancevic, 
2016; Lanoie et al, 2008).

Based on the above review, most scholars agree that environmental regulations have an 
effect on corporate innovation. Only a small number of scholars hold objections because 
of the interference of other factors. Environmental regulatory policies can have both linear 
and nonlinear effects on enterprise innovation.

3 � Research on the mechanism of environmental regulation 
on innovation

The mechanism by which environmental regulation affects innovation can be roughly 
divided into the following two aspects.

First, environmental regulation affects the input of innovation resources. Bai and Song 
(2009) found that environmental regulations mainly impact the allocation of resources in 
the thermal power industry and increase investment in technological innovation, thereby 
increasing overall industry productivity. Ramakrishnan et al. (2017) argued, according to 
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the Porter hypothesis, that appropriate environmental regulations can increase investment 
in innovation, thereby increasing capital investment and stimulating the innovation com-
pensation effect to not only make up for the “compliance costs” of enterprises but also 
to increase their productivity and competitiveness. Zeng et al. (2016) identified a signifi-
cant positive correlation between the degree of environmental regulation and the amount 
of innovation capital investment. When the environmental regulation is stricter, it is more 
helpful in  increasing the level of innovation investment of polluting enterprises and pro-
moting the transformation of enterprises. Qi et  al. (2018) demonstrated that the Porter 
hypothesis is applicable in China. China’s pilot emission trading policy has induced green 
innovation activities among companies in polluting industries in the pilot areas compared 
with nonpilot areas and relative to clean industries. The effect referred mainly to green 
invention patents, not green utility model patents. Zhou et al. (2018) found that environ-
mental regulations have a significant role in promoting the R&D and innovation investment 
and innovation output of foreign-funded enterprises. Their impact on the R&D and innova-
tion of foreign-funded enterprises is not only immediate but also continuous; in addition, 
studies have found that there are differences in the impact of environmental regulations 
on the R&D and innovation of foreign-funded enterprises of different types of industries. 
Yu and Zhang (2019) suggest that collecting environmental taxes can be used to improve 
the resource allocation methods of enterprises. Environmental taxes can significantly pro-
mote the green innovation of enterprises, and the current environmental tax significantly 
improves the level of green innovation of enterprises in later periods.

Second, environmental regulatory policies affect the market environment. Meredith 
(2016) indicates that industry has undergone major changes due to the development, 
repeated verification and implementation of environmental regulatory policies. As a result, 
emission regulation has exacerbated the distortions related to the exercise of market power 
in the domestic cement market. To adapt to market changes as soon as possible, compa-
nies must accelerate the adjustment of resource allocation and enhance their innovation 
capabilities. Zhang and Yao (2018) believe that environmental regulations influence the 
technological innovation activities of enterprises to break the original laws of diminishing 
marginal utility and increasing marginal costs through value enhancement and to  realize 
increasing marginal utility and diminishing marginal cost. By influencing the supply and 
demand characteristics of technological innovation, environmental regulation reshapes the 
upper right sloping demand curve and the lower right sloping supply curve. The intersec-
tion of the supply and demand curves determines the equilibrium output of technological 
innovation. The adjustment changes the displacement of the supply and demand curves, 
which results in a new equilibrium point and demonstrates the evolutionary path of enter-
prise technological innovation under environmental regulation.

These results show that the research on environmental regulation and innovation is very 
rich. Although a few scholars believe that environmental regulations do not directly affect 
corporate innovation, most agree that there is a clear relationship between the two. Some 
scholars support the Porter hypothesis or follow its framework. However, others indicate 
that there is a linear relationship or a J-shaped relationship that changes the enterprise’s 
resource allocation and the external market environment.

3.1 � Theoretical analysis

The Porter hypothesis argues that the relationship between environmental protection and 
economic development cannot be simply dichotomized. Porter contends that appropriate 
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environmental regulation can lead firms to engage in more innovative activities and that 
these innovations will increase the productivity of firms, which offsetts the costs of envi-
ronmental protection. This paper continues to follow the analytical framework of Porter’s 
hypothesis and adds the Internet as an important influencing factor when analyzing the 
impact of environmental regulation on innovation. The theoretical analysis of this paper is 
divided into two parts: on the one hand, we analyze the mechanism of the Internet’s role in 
promoting innovation, and on the other hand, we analyze the interaction among the Inter-
net, environmental regulation and innovation.

3.1.1 � The theoretical mechanism of the Internet to promote innovation

The importance of innovation has been increasingly emphasized in the twenty-first century, 
and corporate innovation in the Internet era presents unique characteristics. The traditional 
R&D process generally relies on the R&D personnel of the enterprise itself or cooperative 
scientific research institutions, but the Internet has changed traditional innovation methods. 
New ideas and new technologies can be rapidly disseminated as they are produced, and 
various R&D entities support one another through exchanges. The external effects of inno-
vation behavior are more obvious, especially for the computer software industry, and the 
use of the Internet can form a scale effect, which greatly reduces R&D costs.

First, the emergence of the Internet has facilitated the diffusion of knowledge, and the 
probability of enterprises obtaining innovative knowledge has increased. Enterprise pro-
duction no longer simply involves the process of enterprise R&D, market promotion, and 
consumers’ choice of corresponding products. Upstream and downstream manufacturers 
and consumers can further participate in the production process, and customization has 
become a new manufacturing development trend. When enterprises use the Internet, con-
sumers can participate in customization while providing manufacturers with a wealth of 
innovative materials. The old model of unilateral innovation by manufacturers has been 
broken, and collaborative innovation and open innovation have become mainstream 
choices in the Internet era. The use of the Internet by various innovative entities not only 
increases the probability of obtaining outside knowledge and experience but also enables 
the real-time exchange of new ideas with the outside world and improves the ability to 
innovate. In addition, the diffusion rate of knowledge within the enterprise increases, and 
the knowledge stock of the enterprise  increases, which promotes enterprise innovation. 
Therefore, companies with a high degree of internetization are often more likely to achieve 
high-quality results.

Second, companies need to search to obtain innovative element resources, and the Inter-
net can significantly reduce search costs. The essence of the Internet is openness and shar-
ing, and companies can use low-cost or zero-cost search platforms or design software for 
R&D. A search platform can enhance the efficiency of a search for the required innova-
tion elements and reduce the verification cost of the enterprise. Moreover, the Internet can 
promote cooperation among corporations from different countries. Companies can allocate 
innovative resources on a global scale and aggregate innovative talent and capital and other 
elements, which is conducive to the construction of cooperative innovation networks (Hen-
kel, 2006). In addition, the development of applications such as big data and cloud comput-
ing facilitates the collection and processing of corporate information. These technologies 
permeate all aspects of enterprise R&D, production, sales, etc. and not only facilitate the 
collection of massive product operation data during the production and R&D process but 
also process and sort Internet-related feedback information after the product is sold so that 
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it can be more targeted, innovative, and improved. Enterprises, consumers, and external 
R&D institutions use the Internet to build new innovation networks. Process and product 
innovation based on Internet technology reduces the R&D timeand promotes performance 
improvement compared with traditional methods (Koellinger, 2008).

In general, companies’ Internet use  can increase their probability of acquiring the 
knowledge needed for innovation and can enhance their R&D capabilities. It can also pro-
mote innovation by reducing transaction costs in the process of enterprise innovation and 
by improving the efficiency of the allocation of related innovation resources. Based on this, 
this paper proposes Hypothesis 1.

Hypothesis 1  An increase in the Internet level has a significant positive effect on 
innovation.

3.1.2 � The Internet, environmental regulation and innovation

In the context of the Internet, the effect of environmental regulations on innovation is weak-
ened to a certain extent. On the one hand, the Internet strengthens the negative effect of 
environmental regulations on innovation. Environmental regulations influence innovation 
through positive and negative mechanisms. In the negative mechanism, environmental reg-
ulation policy restricts the negative externalities of enterprise production, and enterprises 
must deal with the pollutants produced before they can discharge them. For example, some 
environmental regulations and policies impose fines on companies that exceed pollutant 
discharge standards. In extreme cases, pollutants cannot be treated to achieve a state that 
meets the discharge standards, and a company may have to stop production. This shows 
that environmental regulations indeed increase the production costs of enterprises. On the 
other hand, strict environmental regulation policies force enterprises to innovate, and the 
main mechanisms are the effect on the innovation investment of enterprises and changes in 
the market environment. To reduce the pressure imposed by environmental regulations and 
policies, enterprises must adopt corresponding green technologies to reduce the pollution 
generated, which leads them to invest more funds in the innovation of new technologies 
and new processes. In addition, in regions that implement strict environmental regulations, 
the local government introduces appropriate fiscal policies or loan preferences to provide 
support to companies that need to innovate and give companies certain financial subsidies 
or low-interest loans to promote green technology innovations.

The development of Internet technology affects the impact of environmental regulations 
on innovation. On the one hand, the rapid advancement of Internet technology leaves pol-
luting companies nowhere to hide. The government can conduct all-weather monitoring of 
polluting companies at a low cost. Internet-based intelligent detection equipment in various 
regions can detect air quality anytime and anywhere, and the illegal discharge and super-
emission phenomena of certain companies can be effectively curbed, which leads to a cor-
responding increase in the cost of pollution control for the company. That is, an increase 
in the Internet level increases the negative effects of environmental regulation policies on 
innovation. On the other hand, the Internet greatly improves the resource allocation effect 
and management performance of enterprises. Although strict environmental regulation 
policies pressure companies to find ways to reduce production costs, the path to improve 
management or resource allocation is partially cut off. In the Internet era, an effective way 
for companies to respond to environmental regulations is to carry out green technologi-
cal innovation, but the reality is that the role of environmental regulations in promoting 
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green innovation is also partially replaced by the Internet; that is, the rising degree of Inter-
net penetration can inhibit the positive effect of environmental regulations and policies on 
enterprises.

Based on the above analysis, this paper proposes Hypotheses 2 and 3.

Hypothesis 2  Environmental regulation has both positive and negative effects on innova-
tion, but as a whole, the overall effect is positive.

Hypothesis 3  With the rise of the Internet, the effect of environmental regulations on 
innovation is inhibited to a certain extent, but the inhibiting effect is smaller than the pro-
moting effect of the Internet on innovation.

4 � Model construction and data description

4.1 � Empirical model

This article mainly studies the causal relationship between environmental regulation and 
innovation in the context of the Internet to verify the main conclusions drawn from the 
theoretical analysis. It adopts the dual fixed effects model to make recommendations, and 
the regression model is designed as follows:

where i, c, and t represent province, city, and time, respectively. Innovationict is an 
explained variable that represents the degree of innovation in province i and city c in year t, 
and follow-up empirical evidence is based on the number of patent applications or acquisi-
tions. ER

ict
and Internet

ict
 are the core explanatory variables that represent the intensity of 

environmental regulation and the development level of the Internet in province i and city c 
in year t  respectively, and Internet ict ∗ ERict is the interaction term between the two. Xc is 
the control variable, and �ict is the random disturbance term.

4.2 � Variables and data description

(1)	 The explained variable. The explained variable is innovation data at the city level. 
According to the common practice in the literature, this article uses the number of 
patent applications or acquisitions of cities as the explained variable of the benchmark 
regression. In the follow-up examination, this article further subdivides patents into 
utility model patents and design patents for further examination to examine whether 
environmental regulations in the context of the Internet have different effects on dif-
ferent patent types.

(2)	 Core explanatory variables. This article focuses on the impact of environmental regu-
lations and the Internet on urban innovation, so the core explanatory variables of this 
article are environmental regulations and the Internet. Because direct data on envi-
ronmental regulatory measures are difficult to obtain, studies have adopted a variety 
of alternative indicators to measure the intensity of environmental regulations. Early 
international scholars used quantitative indicators to measure the intensity of environ-
mental regulations. Among them, the most commonly used early methods are ① GDP 

Innovationict = �
0
+ �

1
Internet ict + �

2
ERict + �

3
Internet ict ∗ ERict + �

4
Xc + �ict
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per capita as an alternative indicator of environmental regulations, that is, as income 
levels continue to rise, environmental regulations become more stringent, and ② the 
emission intensity of corresponding pollutants, that is, when the intensity of certain 
pollution emissions is higher, the environmental regulatory measures are stricter. How-
ever, these indicators are relatively poor. This article mainly refers to the practice of Yin 
et al. (2017), adopts the linear weighted sum method, and builds the comprehensive 
environmental regulation index ERict . The process specifically includes three steps.

	   First, this article standardizes the two indicators of the sulfur dioxide removal rate 
and industrial smoke (dust) dust removal rate. The calculation formula is as follows:

	   Where PCcj represents the original value of pollutant j (removal rate of sulfur diox-
ide, industrial smoke (powder) dust removal rate) in city c, MIN(PCj) and MAX

(

PCj

)

 
are the minimum and maximum values of pollutant j (removal rate of sulfur dioxide, 
industrial smoke (powder) dust removal rate) in all cities, and PC1cj is the standard-
ized value of pollutant j (removal rate of sulfur dioxide, industrial smoke (dust) dust 
removal) in city c after standardized treatment.

	   Second, this paper further calculates the adjustment coefficient Tcj of these two 
indicators. The reason is that different urban development levels correspond to dif-
ferent industrial development conditions. Therefore, the proportions of sulfur dioxide 
and industrial smoke (dust) in different cities are different, so it is necessary to adjust 
each pollution emission index of a city to a different weight to accurately reflect the 
changes in the pollution emission control efforts of each city. The calculation method 
of the adjustment coefficient Tcj is as follows:

 where Tcj represents the ratio of the proportion of pollutant j emitted by city c to the 
proportion of pollutant j in the country to the proportion of city c’s GDP in the coun-
try’s GDP. The principle of using Tcj for adjustment is that if a certain pollutant emis-
sion in a city is relatively high, then the same pollution removal rate means a stronger 
degree of environmental regulation, and accordingly, a greater weight ratio is more 
reflective of the environmental regulation strength.

	   Finally, according to the calculated standardized values of the sulfur dioxide removal 
rate, the industrial smoke (dust) dust removal rate and the corresponding weight coef-
ficients, this paper finally obtains the environmental regulation degree ERtic of each 
province and city c. The calculation formula for the last step is as follows:

	   Given the data limitations, this article refers to the practice of Lu and Xu (2019) and 
uses the total number of urban telecommunication services and the number of Internet 
users to represent the city’s Internet development level.

(3)	 Control variables. There are many influencing variables for urban innovation. With 
reference to the literature, this article controls for the following variables.

PC1cj = [PCcj −MIN
(

PCj

)

]∕[MAX
(

PCj

)

−MIN
(

PCj

)

]

Tcj =
Pcj

∑

c

Pcj

∕
gdpc

∑

c

gdpc

ERict =
∑2

j=1
PC1cj ∗ Tcj∕2



13291Impacts of environmental regulation on innovation in the context…

1 3

①	 The level of regional economic development is expressed by GDP per capita. The 
innovation level of a region is closely related to local economic development.

②	 The level of foreign capital utilization is measured by the actual use of foreign 
investment measured in logarithm. Foreign investment may bring advanced tech-
nology and management experience and may have a certain impact on the local 
innovation level. In particular, the innovation and R&D process of foreign-funded 
enterprises is no longer confined to a country but rather integrates technical and 
human resources from all over the world to share technology, knowledge and infor-
mation to achieve complementary advantages and synergistically enhance corporate 
technological innovation. Thus, this article needs to control it.

③	 The fiscal budget accounts for a proportion of GDP, and part of the incentives for 
corporate innovation come from government subsidies. This impact on local innova-
tion cannot be ignored. Therefore, this article also needs to control the fiscal budget 
share of GDP.

④	 The level of financial development is expressed by the proportion of the balance 
of deposits and loans of financial institutions in GDP. Innovation requires financial 
support, and many enterprises need loans for innovation. Therefore, the level of 
local financial development has a certain impact on local innovation.

⑤	 Human capital is controlled for by the local population.

(4)	 Data source. The data used in this article come from two data platforms. One is the 
CNRDS, which mainly provides the explained variable for this article—urban pat-
ent applications and acquisitions. This platform includes the total number of patents 
applied for and obtained in major cities in China and the number of subdivided utility 
model patents and design patents each year. This article uses these data to measure 
the innovation level of the city. Due to the availability of data, the sample time span of 
this study is from 2014–2016. The data of the core explanatory variables and control 
variables are from the "China City Statistical Yearbook." This article directly derives 
the corresponding data from the EPS global statistical data/analysis platform and then 
matches the two. Then, based on the GDP index of the "China Regional Economic 
Statistics Yearbook," all price-type indicators are adjusted to the level of the first year 
(2014) to eliminate the influence of price factors. In addition, to eliminate the influence 
of possible extreme values on the regression results, this paper winsorizes the variables 
other than region and year.

4.3 � Descriptive statistics

The sample time span of this study was from 2014 to 2016 and contained 285 prefecture-
level cities, and the descriptive statistics of the relevant variables are reported in Table 1. 
As given in Table 1, the mean value of the number of invention patents obtained for the 
main explanatory variables in this study is 0.53, its minimum value is 0.014, the maximum 
value is 3.774, and the standard deviation is 0.961. From the standard deviation and the 
extreme value, it is found that there is a significant difference between the innovation level 
of core large cities (Shenzhen, Xi’an, etc.) and small cities in China, and there is a trend 
of concentration of patent acquisition. Meanwhile, indicators such as the number of utility 
model patents obtained in the same year and the number of design patents obtained in the 
same year also show the same situation. In addition, the highest application approval rate 
was for design patents, with an average of 955 design patents approved for every 1000 
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applications. The next highest rate is for utility model patents, with an average of 2295 
patents granted for every 2553 applications filed each year, which represents a pass rate of 
89.89%. The requirements for applying for invention patents are the most stringent, with a 
pass rate of only 23.94%.

In terms of the core explanatory variables, the mean value of environmental regula-
tion intensity in Chinese cities is approximately 1.11, the standard deviation is 0.53, the 
minimum value is 0.40, and the maximum value is 2.28. The maximum value is approxi-
mately 5 times the minimum value, which indicates that there are large differences in the 
degree of environmental regulation in different regions, mainly because the distribution of 
resource-based cities leads to large differences in the intensity of environmental regulation. 
In terms of the number of international Internet users and the total amount of telecommu-
nication services, there are also certain disparities among cities. Developed regions such 
as Beijing and Shanghai have a significantly higher number of international Internet users 
and total telecommunication services than the less developed areas in the central and west-
ern regions. However, unlike environmental regulation, the differences in the number of 
international Internet users and total telecom services are not within the distribution of 
resource-based cities, but are related more to the development level of each prefecture-level 
city. In addition, we report the basic information of the control variables such as the level 
of foreign capital utilization and the level of fiscal expenditures. The above data indicate 
that the data sample used in this study not only can better reflect the development status of 
each region in China but also contains rich variability and data dimensions and can provide 
better quality material for the ensuing analysis.

5 � Results analysis

5.1 � Benchmark regression results

Following the relevant literature, first, this research uses the fixed effects model. The fixed 
effects model can control unobservable individual effects and ensure the robustness of the 
regression results. The Hausman test is also conducted, and the test results show that it 
is appropriate to choose a fixed effects model. Second, considering the possible hetero-
scedasticity problem, this paper adopts robust standard errors with clustering adjustment 
according to the region. Table 2 reports the benchmark regression results obtained by using 
the fixed effects model in this article. Column (1) reports the results obtained without add-
ing control variables and controlling only provincial fixed effects and time fixed effects. 
The results show that every time the intensity of urban environmental regulation increases 
by one point, the number of invention patents obtained increases by 0.213 thousand, and 
Hypothesis 1 is therefore  supported. From the coefficient of the number of international 
Internet users, it can be seen that when the Internet level is higher, the city’s innovation 
ability is stronger; thus, Hypothesis 2 is supported. In addition, from the interaction coef-
ficient between the intensity of environmental regulations and the number of Internet users, 
it can be observed that the Internet has a negative impact on the innovative effects of envi-
ronmental regulations, and the above results are all significant at the 1% level. The rea-
son is that part of the path by which environmental regulations drive corporate innovation 
is replaced by the Internet. This result is consistent with the theoretical analysis of this 
article. However, the overall results show that environmental regulations and the Internet 
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indeed bring regional innovation, and the innovation effect brought by the Internet is gen-
erally positive; therefore, Hypothesis 3 is supported.

Columns (2)–(6) are the results of adding the  control variables in sequence. From 
the perspective of the coefficient of the regional economic development level, when the 
regional economic development level is higher, the regional innovation level is higher. A 
possible reason is that when an area is more economically developed, the environment is 
better for local enterprises to innovate, which effectively promotes the innovation of local 
enterprises. The coefficient of the level of utilization of foreign capital is significantly 
positive. A possible reason is that the entry of foreign capital brings advanced manage-
ment experience, which provides a certain boost to regional innovation. When the level 
of fiscal expenditure is  higher, the innovation capacity of the region is  stronger because 
of the mechanism of government subsidies to enterprises for innovation. When the fiscal 
expenditure is higher, there are more government subsidies, thereby promoting an increase 
in enterprise innovation. The coefficient of financial development is also significantly posi-
tive at the 1% level, which shows that when the financial development of a city is better, 
more invention patents are obtained. A possible reason for this result is that innovation 
requires financial support. When financial development is better, more loanable funds are 
in the local market, which promotes enterprise innovation. In addition, the coefficient of 
human capital is significantly positive. When there is more local talent, there is more abun-
dant human capital, which provides more basic elements for innovation and effectively 
improves the local innovation level. To ensure the robustness of the regression, this article 
further controls the urban fixed effects in column (7). From the results, it can be seen that 
the direction of the core variables remains unchanged, and the significance and coefficients 
are slightly reduced. This further indicates the robustness of the research results.

5.2 � Differences in patent types

From the application and acquisition of patents, it can be observed that patents are gener-
ally divided into three types: invention patents, utility model patents and design patents. 
This article further divides patents into two categories, namely,  application and acquisi-
tion, and conducts regressions to determine whether there are differences in the impact of 
environmental regulations on different types of innovation in the context of the Internet. 
Tables 3 and 4 report the impact of environmental regulations and the Internet on patent 
applications and patent acquisition, respectively. 

Table 3 shows that in the context of the Internet, environmental regulations have posi-
tive effects on the application of the three types of patents, and they are all significant at 
the 1% level. Among them, utility model patents have the largest coefficient, that is, the 
strongest effect. Each increase in the intensity of environmental regulation increases the 
number of utility model patents applied for each year by approximately 1.678 thousand. A 
possible reason for this is that compared with utility model patents, the cost required to file 
an invention patent application is higher and the required technology is of a higher level. 
Unlike utility model patents, which require only substantial progress and characteristics, 
invention patents must have outstanding characteristics and represent significant progress. 
This requirement makes it more difficult to apply for invention patents than utility model 
patents, which in turn leads to a lower number of applications. In addition, the influencing 
coefficient of environmental regulations on design patents is smaller than the influencing 
coefficient on invention patents. The reason is that the inverse effect of environmental regu-
lations has less influence on design patents. To deal with strict environmental regulations, 
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it is more convenient for enterprises to improve process and production technology, and 
these are usually more related to utility model patents and design patents, so the coefficient 
is only 0.609. When the Internet level is higher, the corresponding innovation promotion 
effect is greater, and the coefficient of the interaction term is consistent with the conclusion 
of the benchmark regression.

Table  4 shows the causality of the impact of environmental regulations on patent 
acquisition in the context of the Internet. In terms of coefficients, environmental regu-
lations also have the greatest impact on the acquisition of utility model patents. Com-
pared with the case of patent applications, the acquisition of invention patents is less 
strongly affected by environmental regulations in the context of the Internet. The reason 
is that the examination of invention patents is stricter, and the cycle is relatively long 
(invention patents require a second review). Therefore, compared with the three types of 
patent applications, the acquisition coefficient of invention patents is only 0.429. How-
ever, this result also indicates the robustness of the benchmark regression results. That 
is, in the context of the Internet, environmental regulations have a positive effect on 
innovation.

Table 2   Benchmark regression results

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1

Variables (1) (2) (3) (4) (5) (6) (7)
Invg Invg Invg Invg Invg Invg Invg

ER 0.213*** 0.454*** 0.513*** 0.470*** 0.420*** 0.429*** 0.177**
(0.063) (0.064) (0.074) (0.075) (0.074) (0.073) (0.078)

Internet_a 0.018*** 0.015*** 0.015*** 0.014*** 0.013*** 0.012*** 0.004***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

ER*Internet_a − 0.009*** − 0.007*** − 0.007*** − 0.007*** − 0.006*** − 0.007*** − 0.002**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

GDP 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

FDI 0.072*** 0.073*** 0.070*** 0.064*** 0.047***
(0.019) (0.019) (0.017) (0.017) (0.011)

FE 0.006* 0.001 0.001 − 0.003**
(0.003) (0.003) (0.003) (0.001)

Finance 0.215*** 0.225*** 0.017
(0.049) (0.050) (0.046)

People 0.000** 0.000
(0.000) (0.001)

Constant − 0.460*** − 1.274*** − 2.033*** − 2.156*** − 2.259*** − 2.349*** − 0.435
(0.086) (0.140) (0.220) (0.228) (0.215) (0.219) (0.442)

Regional fixed 
effect

Province Province Province Province Province Province City

Time fixed 
effect

Yes Yes Yes Yes Yes Yes Yes

Observations 810 810 759 758 758 758 749
R-squared 0.803 0.827 0.832 0.833 0.848 0.851 0.968
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5.3 � Robustness test: replacement of Internet development level indicators

The above analysis uses the number of international Internet users as a substitute vari-
able to measure the level of regional Internet development. In Tables 5 and 6, this paper 
utilizes the same fixed effects model to regress the total telecom business as a measure 
of the regional Internet development level. Tables 5 and 6 show that the coefficients of 
the core explanatory variables have the same direction as those in the results that use the 
number of Internet users as the measurement index. In general, the regression results are 
still robust after replacing the metrics of the Internet variables. 

5.4 � Analysis of heterogeneity

From the perspective of China’s development status, different regions correspond to 
different levels of economic development and different infrastructures. This arti-
cle divides companies into three groups according to their locations: eastern compa-
nies, western companies, and central companies. From the results in columns (1)–(3) 
of Table  7, it can be found that the Internet has a significant positive impact on the 
innovation of eastern, western, and central companies, and the improvement effect 
is greater in the central and western regions than in the eastern region. This may be 

Table 3   Impact of environmental 
regulations on patent applications 
in the context of the Internet

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, 
*p < 0.1

Variables (1) (2) (3)
Inva Uma Desa

ER 1.366*** 1.678*** 0.609**
(0.283) (0.324) (0.275)

Internet_a 0.047*** 0.052*** 0.021***
(0.006) (0.006) (0.005)

ER*Internet_a − 0.027*** − 0.027*** − 0.009**
(0.004) (0.005) (0.004)

GDP 0.000*** 0.000*** 0.000
(0.000) (0.000) (0.000)

FDI 0.194*** 0.191*** 0.018
(0.066) (0.065) (0.043)

FE 0.013 0.015 0.002
(0.013) (0.011) (0.009)

Finance 0.766*** 0.437** 0.143
(0.200) (0.209) (0.144)

People 0.001* 0.001 − 0.000
(0.001) (0.001) (0.001)

Constant − 8.056*** − 7.066*** − 1.411**
(0.956) (1.014) (0.707)

Regional fixed effect Province Province Province
Time fixed effect Yes Yes Yes
Observations 758 758 758
R-squared 0.837 0.865 0.762
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because the Internet level in the eastern region is relatively high. In the early periods of 
Internet development, enterprises in the eastern region of China partially absorbed the 
efficiency improvements from Internet development, while the Internet development in 
the central and western regions was slower, and enterprises’ access to the Internet was 
relatively delayed. The dividends brought by the Internet occur within a short period. 
Therefore, the coefficient is smaller  in the eastern region than in the less developed 
central and western regions. In addition, the effect of environmental regulations on 
innovation is more obvious in the eastern and central regions. The reason is that the 
development of the western region is relatively backward. The local governments of 
the western region give less attention to the protection of the local environment than 
the governments of other regions with better development because their main aim is to 
develop GDP growth. Therefore, the intensity of environmental regulation is relatively 
low, and the driving effect on innovation is insufficient.

Whether a city is a provincial capital city may also have an impact on the results. 
First, provincial capital cities have stronger policy advantages than nonprovincial capi-
tal cities; that is, provincial capital cities generally correspond to higher fiscal and tax 
incentives. Enterprises in provincial capitals can obtain higher innovation subsidies 
and other advantages brought about by agglomeration effects. Columns (4) and (5) of 
Table 7 present the results obtained by a group regression. From the perspective of the 

Table 4   The impact of 
environmental regulations on 
the acquisition of patents in the 
context of the Internet

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, 
*p < 0.1

Variables (1) (2) (3)
Invg Umg Desg

ER 0.429*** 1.516*** 0.674**
(0.073) (0.304) (0.269)

Internet_a 0.012*** 0.048*** 0.021***
(0.001) (0.006) (0.004)

ER*Internet_a − 0.007*** − 0.025*** − 0.009**
(0.001) (0.005) (0.004)

GDP 0.000*** 0.000*** 0.000
(0.000) (0.000) (0.000)

FDI 0.064*** 0.148** 0.012
(0.017) (0.058) (0.041)

FE 0.001 0.011 0.002
(0.003) (0.010) (0.009)

Finance 0.225*** 0.390** 0.095
(0.050) (0.192) (0.132)

People 0.000** 0.001 − 0.000
(0.000) (0.001) (0.001)

Constant − 2.349*** − 6.086*** − 1.293*
(0.219) (0.924) (0.679)

Regional fixed effect Province Province Province
Time fixed effect Yes Yes Yes
Observations 758 758 758
R-squared 0.851 0.863 0.772
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environmental regulation coefficient, provincial capitals are larger than nonprovincial 
capitals, but provincial capital cities are not statistically significant. It may be that pro-
vincial capitals have more high-tech companies and are less affected by environmen-
tal regulatory policies, so the coefficient is not significant. However, the direction of 
action is still consistent with that in the benchmark regression.

6 � Conclusion and research significance

6.1 � Conclusion

The main purpose of this article is to study the relationship between environmental regu-
lation and innovation in the context of the Internet. In terms of theoretical research, this 
article through a summary of the literature  identifies the ways in which the increase in 
the urban Internet level and the intensity of environmental regulations promote innova-
tion. Second, further analysis finds that the anti-driving effect of environmental regulations 
on innovation is inhibited by the rise of the Internet. In terms of an  empirical analysis, 
this paper uses city-level data from 2014 to 2016 to test the above theoretical mechanisms. 
First, the increase in the Internet level and the intensity of environmental regulations 

Table 5   Robustness test (1)

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, 
*p < 0.1

Variables (1) (2) (3)
Inva Uma Desa

ER 22.070*** 25.682*** 11.418***
(3.671) (4.237) (2.966)

Internet_b 2.849*** 3.447*** 1.608***
(0.456) (0.559) (0.412)

ER*Internet_b − 1.814*** − 2.090*** − 0.927***
(0.301) (0.348) (0.246)

GDP 0.000*** 0.000*** 0.000
(0.000) (0.000) (0.000)

FDI 0.233*** 0.229*** 0.025
(0.081) (0.073) (0.052)

FE 0.010 0.008 − 0.000
(0.017) (0.015) (0.010)

Finance 0.997*** 0.657*** 0.241
(0.258) (0.248) (0.159)

People 0.002*** 0.002** 0.000
(0.001) (0.001) (0.001)

Constant − 41.861*** − 47.633*** − 20.323***
(5.372) (6.485) (4.553)

Regional fixed effect Province Province Province
Time fixed effect Yes Yes Yes
Observations 749 749 749
R-squared 0.803 0.827 0.752
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promotes innovation, and the results remain stable after changing the measurement vari-
ables of the Internet development level. Second, the increase in the Internet development 
level inhibits the negative effect of environmental regulations, but its effect is lower than 
the impact of the Internet on innovation. Third, environmental regulations and the Inter-
net significantly promote the application and acquisition of the three types of patents, and 
they  have the greatest effect on the application and acquisition of utility model patents. 
Fourth, further analysis of heterogeneity shows that the effect of innovation and enhance-
ment created by environmental regulations has a greater impact on eastern and provincial 
capital cities, and the effect of innovation and enhancement caused by the Internet has a 
stronger promoting effect on western and nonprovincial capital cities.

6.2 � Research significance

This study has important research significance in studying innovation from the two dimen-
sions  of the Internet and environmental regulation. First, it enriches innovation theory. 
Although existing studies have more often studied innovation from a single perspective 
which is environmental regulation, this study further deepens innovation theory by examin-
ing both the Internet and environmental regulation. Second, this study finds a significant 
impact of the Internet on the relationship between environmental regulation and innovation. 

Table 6   Robustness test (2)

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, 
*p < 0.1

Variables (1) (2) (3)
Invg Umg Desg

ER 5.798*** 23.915*** 11.546***
(0.912) (3.904) (2.864)

Internet_b 0.697*** 3.187*** 1.620***
(0.104) (0.510) (0.396)

ER*Internet_b − 0.472*** − 1.946*** − 0.935***
(0.075) (0.320) (0.238)

GDP 0.000*** 0.000*** 0.000
(0.000) (0.000) (0.000)

FDI 0.076*** 0.185*** 0.020
(0.020) (0.069) (0.049)

FE 0.001 0.005 − 0.000
(0.004) (0.014) (0.009)

Finance 0.290*** 0.590** 0.186
(0.063) (0.231) (0.142)

People 0.001*** 0.002** 0.000
(0.000) (0.001) (0.001)

Constant − 10.674*** − 43.632*** − 20.316***
(1.220) (5.891) (4.372)

Regional fixed effect Province Province Province
Time fixed effect Yes Yes Yes
Observations 749 749 749
R-squared 0.815 0.826 0.762
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There is a lack of research in the literature that examines the relationship among the Inter-
net, environmental regulation, and innovation, and this study integrates all three into one 
research framework. Third, this study provides empirical evidence for government innova-
tion policy formulation. The findings of this study suggest that innovation is influenced not 
only by environmental regulation, but also by the level of Internet development. The gov-
ernment should promote Internet development as an important path to achieve innovation 
development.

7 � Policy insights

The research in this article has strong practical significance for the formulation of rele-
vant policies. To promote high-quality economic development and achieve the goal of not 
only “both green waters and green mountains but also golden mountains and silver moun-
tains,” the government needs to formulate policies in a targeted manner. First, the con-
struction of Internet infrastructure should be strengthened. The increasing level of Internet 

Table 7   Analysis of heterogeneity

Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1

Variables (1) (2) (3) (4) (5)
East West Central Province Nonprovince

Invg Invg Invg Invg Invg

ER 0.547*** 0.434*** 0.483*** 0.385 0.359***
(0.141) (0.063) (0.130) (0.561) (0.070)

Internet_a 0.009*** 0.022*** 0.016*** 0.007** 0.010***
(0.002) (0.002) (0.003) (0.003) (0.002)

ER*Internet_a − 0.006*** − 0.009*** − 0.010*** − 0.000 − 0.006***
(0.002) (0.002) (0.002) (0.002) (0.001)

GDP 0.000*** 0.000 0.000*** 0.000** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000)

FDI 0.108*** 0.013 0.039** − 0.072** 0.061***
(0.035) (0.015) (0.017) (0.032) (0.015)

FE − 0.006 0.010*** − 0.004 − 0.008 − 0.001
(0.005) (0.003) (0.006) (0.007) (0.002)

Finance 0.396*** − 0.057 0.055 0.420 0.249***
(0.078) (0.044) (0.069) (0.267) (0.048)

People 0.000 − 0.000 0.000** − 0.000 0.000
(0.000) (0.000) (0.000) (0.002) (0.000)

Constant − 3.343*** − 1.220*** − 1.609*** − 1.769 − 2.045***
(0.391) (0.266) (0.284) (2.817) (0.253)

Regional fixed effect Province Province Province Province Province
Time fixed effect Yes Yes Yes Yes Yes
Observations 287 116 355 80 676
R-squared 0.861 0.962 0.820 0.979 0.776
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infrastructure can not only enable the better supervision of polluting enterprises but also 
further promote enterprise innovation. The central government needs to direct fiscal funds 
to a certain extent to promote faster development in underdeveloped areas, especially in 
the central and western regions, where Internet infrastructure construction is relatively 
underdeveloped. Second, environmental regulatory policies should be implemented based 
on local conditions. The current development trend in China is changing daily. Especially 
in the face of trade protectionism and the novel coronavirus pandemic, the old path of eco-
nomic growth with environmental damage is absolutely unworkable. Economic transfor-
mation and industrial upgrading are the only ways to achieve high-quality development. 
The implementation of appropriate environmental regulations not only is conducive to 
the harmonious coexistence of the natural environment and people but also promotes the 
healthy and sustainable development of the economy. Therefore, the government needs to 
formulate environmental regulation policies in line with actual local conditions according 
to the economic development status, environmental pollution status and industrial structure 
of various regions, adopt appropriate environmental regulation tools to promote innova-
tion, and protect the environment while the economy develops. Third, increased support 
is needed for R&D and innovation. Environmental regulations occupy the R&D funds of 
enterprises to a certain extent, and the government should provide corresponding policy 
support and loan concessions. On the one hand, low-interest or even interest-free loans 
can be issued to suitable companies to promote R&D to prevent the pressure caused by 
environmental regulations and policies from causing damage to high-quality companies. 
On the other hand, it is necessary to provide corresponding tax incentives and more financ-
ing channels for enterprise innovation so that environmental regulations can be good for 
enterprises. A strong independent innovation ability can be a main support for the domestic 
big cycle, and the domestic and international double cycles can promote one other in a new 
development pattern.

This study has conducted in-depth research on environmental regulation and innovation 
from the perspective of the Internet, and it has drawn some useful conclusions, the research 
of this study is still not perfect and needs to be conducted in further depth in the future. 
In the context of the rapid development of the Internet, the scale of the digital economy 
continues to expand, and the future digital economy is the focus of global economic devel-
opment. Therefore, in future research, the focus will shift from the Internet to the digital 
economy and the impact of the development of the digital economy on innovation.

Acknowledgements  This study was financially supported by the Major Project of National Social Science 
Foundation of China (20ZDA047), the National Natural Science Foundation of China (71863015), the Sci-
ence and Technology Project of Jiangxi Education Department (GJJ200528), and the Graduate Student 
Innovation Project of Jiangxi Province (YC2019-B101).

Author’s contributions  Yuanbin Xu and Xin Zeng were involved in conceptualization; Xinmin Zhang and 
Haiqing Yu were responsible for methodology; Yuanbin Xu carried out investigation, acquired the funding, 
and took part in project administration; Xinmin Zhang was responsible for software; Xin Zeng and Haiqing 
Yu curated the data and wrote the original draft; Yuanbin Xu and Xinmin Zhang wrote the review and 
edited it; Xin Zeng contributed to supervision. All authors have read and agreed to the published version of 
the manuscript.

References

Agrawal, A., & Goldfarb, A. (2008). Restructuring research: Communication costs and the democratization 
of university innovation. American Economic Review, 98(4), 1578–1590.



13302	 Y. Xu et al.

1 3

Atrostic, B. K., & Nguyen, S. V. (2005). IT and productivity in US manufacturing: Do computer nert-
works matters? Economic Enquiry, 43(3), 493–506.

Becker, R. A. (2011). Local environmental regulation and plant-level productivity. Ecological Econom-
ics, 70(12), 2516–2522.

Bloom, N., Draca, M., & Van Reenen, J. (2005). IT productivity spillovers and investment: Evidence 
from a panel of UK firms. CEP Discussion Paper, 675.

Brunnermeier, S. B., & Cohen, M. A. (2003a). Determinants of environmental innovation in US manu-
facturing industries. Journal of Environmental Economics and Management, 45, 278–293.

Brunnermeier, S. B., & Cohen, M. A. (2003b). Determinants of environmental innovation in US manu-
facturing industries. Journal of Environmental Economics and Management, 45(2), 278–293.

Brynjolfsson, E., & Saunders, A. (2010). Wired for Innovation. MIT Press.
Bygstad, B., & Aanby, H. P. (2010). ICT infrastructure for innovation: A case study of the enterprise 

service bus approach. Information Systems Frontiers, 12(3), 257–265.
Calel, R., & Dechezleprêtre, A. (2012). Environmental policy and directed technological change: Evi-

dence from the European carbon market. Social Science Electronic Publishing, 42(1), 551–574.
Cesaroni, F., & Arduini, R. (2001). Environmental technologies in the European chemical industry. LEM 

Working Paper.
Dana, J. D., Jr., & Orlov, E. (2014). Internet penetration and capacity utilization in the US airline indus-

try. American Economic Journal: Microeconomics, 6(4), 106–137.
Fowlie, M., Reguant, M., & Ryan, S. P. (2016). Market-based emissions regulatioon and industry 

dynamics. Journal of Political Economy, 124, 249–302.
Goldfarb, A., & Tucker, C. (2019). Digital economics. Journal of Economic Literature, 57(1), 3–43.
Gray, W. B., & Shadbegian, R. J. (2003). Plant vintage, technology, and environmental regulation. Jour-

nal of Environmental Economics and Management, 46(3), 384–402.
Greenstone, M., John, A. L., & Syverson, C. (2012). The effects of environmental regulation on the 

competitiveness of U.S. manufacturing. MIT Department of Economics Working Paper, pp. 12–24.
Guo, L., & Wang, Y. (2018). How does government environmental regulation “unlock” carbon emis-

sion effect?——evidence from China. Chinese Journal of Population, Resources and Environment, 
16(03), 232–241.

Hancevic, P. I. (2016). Environmental regulation and productivity: The case of electricity generation 
under the CAAA-1990. Energy Economics, 60, 131–143.

He, Y., Ding, X., & Yang, C. (2021). Do environmental regulations and financial constraints stimu-
late corporate technological innovation? Evidence from China. Journal of Asian Economics, 72, 
101265.

Henkel, J. (2006). Selective revealing in open innovation processes: The case of embedded linux. 
Research Policy, 35(7), 953–969.

Iraldo, F., Testa, F., Melis, M., & Frey, M. (2011). A Literature review on the links between environmen-
tal regulation and competitiveness. Environmental Policy & Governance, 21(3), 210–222.

Jingjing, Z., Zengyao, Z., & Weiwei, J. (2018). The impact of environmental constraints on the R&D 
and innovation of foreign direct investment enterprises: A study based on the PSM method. Science 
Research Management, 39(06), 131–140.

Koellinger, P. (2008). The relationship between technology, innovation, and firm performance—empiri-
cal evidence from E-business in Europe. Research Policy, 37(8), 1317–1328.

Kong, D., Lin, C., Wei, L., & Zhang, J. (2018). Information accessibility and corporate innovation. 
Working Paper, SSRN

Koutroumpis, P. (2009). The economic impact of broadband on growth: A simultaneous approach. Tel-
ecommunications Policy, 33(9), 471–485.

Lanjouw, J. O., & Mody, A. (1996). Stimulating innovation and the international diffusion of environ-
mental responsive technology. Research Policy, 25(4), 549–571.

Lanoie, P., Patry, M., & Lajeunesse, R. (2008). Environmental regulation and productivity: Testing the 
porter hypothesis. Journal of Productivity Analysis, 30(2), 121–128.

Lerner, J., Pathak, P. A., & Tirole, J. (2006). The dynamics of open-source contributors. American Eco-
nomic Review, 96(2), 114–118.

Lianchao, Yu., Weiguo, Z., & Qian, Bi. (2019). Research on the reverse effect of environmental taxes on the 
green transformation of enterprises. China Population, Resources and Environment, 29(07), 112–120.

Liru, C. (2013). Research on enterprise value network innovation under the internet economy. China 
Industrial Economics, 09, 82–94.

Lucas, R. E., Jr. (2009). Ideas and growth. Economica, 76, 1–19.



13303Impacts of environmental regulation on innovation in the context…

1 3

Popp, D. (2006). International innovation and diffusion of air pollution control technologies: The effects 
of NOx and SO2 regulation in the US, Japan, and Germany. Journal of Environmental Economics 
and Management, 51(1), 46–71.

Porter, M. E., & Linde, C. V. D. (1995). Toward a new conception of the environment-competitiveness rela-
tionship. Journal of Economic Perspectives, 9(4), 97–118.

Qian, Z., & Ping, Y. (2018). The impact of environmental regulations on the path and dynamic evolution of 
enterprise technological innovation under the framework of Porter’s hypothesis. Industrial Technology 
Economy, 37(08), 52–59.

Ramanathan, R., He, Q., Black, A., Ghobadian, A., & Gallear, D. (2017). Environmental regulations, 
innovation and firm performance: A revisit of the Porter hypothesis. Journal of Cleaner Production, 
155(Part 2), 79–92.

Roeller, L. H., & Waverman, L. (2001). Telecommunications infrastructure and economic development: A 
simultaneous approach. The American Economic Review, 91(4), 909–923.

Shadbegian, R. J., & Gray, W. B. (2005). Pollution abatement expenditures and plant-level productivity: A 
production function approach. Ecological Economics, 54(2–3), 196–208.

Shahiduzzaman, M., & Alam, K. (2014). Information technology and its changing roles to economic growth 
and productivity in Australia. Telecommunications Policy, 38(2), 125–135.

Shaozhou, Qi., Di, L., & Jingbo, C. (2018). Can the environmental rights trading market induce green inno-
vation? Evidence based on green patent data of listed companies in my country. Economic Research, 
53(12), 129–143.

Weiwei, T., & Jianmin, Z. (2012). Can Environmental regulations promote technological innovation—re-
examination based on the data of Chinese manufacturing enterprises. Finance and Economics, 11, 
66–74.

Wilson, D. J. (2009). It and beyond: The contribution of heterogeneous capital to productivity. Journal of 
Business & Economic Statistics, 27, 52–70.

Xuejie, B., & Ying, S. (2009). Environmental regulation, technological innovation and the efficiency 
improvement of China’s thermal power industry. China Industrial Economy, 08, 68–77.

Yi, Z., Zhanbin, F., & Qian, Z. (2016). Geographical location, environmental regulation and enterprise inno-
vation and transformation. Financial Research, 42(09), 87–98.

Yin, F., & Zhu, Y. (2017). The impact of environmental regulations on Chinese outward foreign direct 
investment-an empirical analysis based on inter-provincial dynamic panel data in China. Technology 
Economics, 36(09), 106–113.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is 
solely governed by the terms of such publishing agreement and applicable law.


	Impacts of environmental regulation on innovation in the context of the Internet
	Abstract
	1 Introduction
	2 Literature review and theoretical analysis
	2.1 Literature review
	2.1.1 The influence of the Internet on innovation
	2.1.2 The impact of environmental regulations on innovation


	3 Research on the mechanism of environmental regulation on innovation
	3.1 Theoretical analysis
	3.1.1 The theoretical mechanism of the Internet to promote innovation
	3.1.2 The Internet, environmental regulation and innovation


	4 Model construction and data description
	4.1 Empirical model
	4.2 Variables and data description
	4.3 Descriptive statistics

	5 Results analysis
	5.1 Benchmark regression results
	5.2 Differences in patent types
	5.3 Robustness test: replacement of Internet development level indicators
	5.4 Analysis of heterogeneity

	6 Conclusion and research significance
	6.1 Conclusion
	6.2 Research significance

	7 Policy insights
	Acknowledgements 
	References




