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Abstract: As an important driver of green technology innovation, the impact of environmental
regulation on the diffusion of green technology remains controversial. Taking China’s Yangtze River
Delta (YRD) urban agglomeration, as an example, and using green patents transfer to measure green
technology diffusion, this paper analyzes the effect of environmental regulation on green technology
diffusion by revealing the temporal and spatial characteristics of green technology diffusion in the
YRD. The results show that: (1) Green technology transfer activities in the YRD mainly take place
in Shanghai, Hangzhou, Nanjing, Suzhou, and other cities. (2) Green building technology is the
most demanded technology in the green technology transfer market in the YRD. (3) The direction of
green technology diffusion in the YRD has changed significantly over time. In the early stage, green
technologies mainly flowed to developed cities such as Shanghai, Suzhou, and Nanjing. However, in
the later stage, green technologies mainly flowed from developed cities such as Shanghai, Suzhou, and
Nanjing to cities with lower economic development levels (mostly located in Anhui Province). (4) The
consistency of environmental regulation among cities plays an important role in promoting green
technology transfer within the YRD, which is precisely what the YRD ecological green integrated
development strategy emphasizes, breaking the administrative barriers between cities in the YRD
and accelerating the flow of green technology between cities.
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1. Introduction

In the face of problems such as global climate change, deterioration of the ecological
environment system, and resource and environmental stress, sustainable development
supported by responsible innovation or green technology innovation has become a global
economic development strategy [1-3]. However, green technology innovation activities or
the applicants for green patents are highly concentrated in a few developed countries (the
United States, Japan, Germany, etc.) and even in a few large multinational companies. The
distribution of countries in green patent cooperation treaty (PCT) applications, released
by the World Intellectual Property Organization (WIPO) in 2019, showed that the first
countries to apply for green energy patents accounted for more than 76% of the total global
green energy patent applications in 2019 [4]. Therefore, the collaborative development and
sharing of green technologies among countries, regions, cities, and enterprises is considered
as a key measure to deal with global climate change and reduce environmental pollution
and ecological damage [5,6]. As shown in in the report Innovation and Diffusion of Green
Technologies: The Role of Intellectual Property and Other Enabling Factors, launched by the
WIPO during a side event at UNFCCC’s Bonn Climate Change Conference in June 2015, due
to several market failures and other factors, the innovation and diffusion of environmental
technologies pose particular problems that require a range of policy interventions. A range
of policy interventions are needed to accelerate the process of green technology transfer
from developed to developing countries, from developed to developing regions, and from
large multinational corporations to SMEs.
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From the “Beijing Declaration” to the construction of “two-oriented society”, and the
ecological civilization, green development, and construction of “beautiful China”, China
has become a great contributor and leader of global sustainable development, which can be
verified by the rapidly growing number of green PCT applications in China [2]. However,
the distribution of green technologies within China is extremely uneven, with a high
concentration in a few cities along the eastern coast. Based on the above background, it has
become a national strategic decision to build a market-oriented green technology innovation
system that accelerates the process of green technology diffusion among regions and cities.
In 2017, in order to promote the diffusion of scientific and technological achievements,
the State Council of China issued the “National Technology Transfer System Construction
Plan”. In 2019, China’s National Development and Reform Commission and Ministry
of Science and Technology jointly issued the “Guiding Opinions on Building a Market-
Oriented Green Technology Innovation System”. However, due to institutional obstacles,
especially the differences in environmental regulations between regions or cities, there are
still many challenges in the free flow of green technology between regions or cities.

The relationship between environmental regulation and green technology diffusion is
a central topic in environmental economics, innovation economics, and science and technol-
ogy management. Unlike the clear positive relationship between environmental regulation
and green technology innovation, there is no consensus in the academic community on
the impact of environmental regulation on green technology diffusion. As highlighted by
technology gap theory, some scholars believe that regions with strong environmental regu-
lations can stimulate the flow of green technologies from regions with weak environmental
regulations to them [7]. Other scholars argue that inter-regional environmental regula-
tion intensity differences are similar to those emphasized by multidimensional proximity
theory. The more similar the environmental regulation intensity between regions is, the
stronger the green technology flows between them [8]. The reason for this contradiction
may be that different scholars have adopted different methods in measuring the intensity
of environmental regulation and the flow of green technology, though it may also be due
to the different analysis cases adopted by scholars. Just as research into enterprise green
technology innovation has found, due to differences in scale, knowledge base, etc., enter-
prises also have great differences in the degree of adopting green technology in response to
government environmental regulations [7-10].

In response to the above debate, this paper takes the Yangtze River Delta of China as a
case area to explore the relationship between environmental regulation and the diffusion
of green technologies. The aim of this paper is to verify the influence mechanism of the
consistency of intercity environmental regulations on the flow of intercity green technology,
based on revealing the spatial-temporal characteristics of intercity green technology flow
in the Yangtze River Delta. The contributions of this paper are mainly two aspects. One
is to measure the intercity green technology flow through intercity green patent trans-
fer, the other is to further verify the importance of environmental regulation on green
technology diffusion.

The rest of the paper is organized as follows: Section 2 reviews the relevant literature,
Section 3 introduces the data sources and methods, Section 4 presents the green technology
diffusion pattern and data simulation results in the YRD, and Section 5 gives the conclusions
of the paper.

2. Theoretical Framework

Since the 1960s, as the contradiction between economic growth and environmental
degradation has become increasingly prominent, research on green technology innovation
has gradually emerged. Similar to general technology diffusion, green technology diffusion
can maximize the application value of eco-innovation R&D results. At the same time,
green innovation diffusion also has practical significance for improving the environmental
benefits of society, practicing national ecological strategies, and achieving sustainable
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development. In other words, the diffusion of green technology is even more important
than the green technology itself.

A number of in-depth studies on the influencing factors of green technology diffu-
sion with different perspectives have been conducted by scholars from different fields,
including innovation theory, stakeholder theory, the resource-based view, etc. In general,
the factors influencing green technology diffusion are green technology attributes (supply
push), innovator capabilities, adopter capabilities (demand pull), and environmental reg-
ulations (regulatory push/pull) [11]. First of all, the attributes of green technologies can
significantly impact the speed of their adoption, and, therefore, complex green technologies
may spread more slowly. Secondly, innovators’ capabilities also play an essential role in
the diffusion of technology. Firms are usually more efficient in technology diffusion than
universities, research institutions, or individuals [12]. Third, the adopters’ resources and
capabilities also have an effect on the diffusion of green technology, and weak production
and manufacturing capabilities can prevent firms or other institutions from adopting green
technologies [13].

As a driver of green innovation diffusion, environmental regulation has received the
most attention. Green innovation is characterized by a double externality, implying that
adopters of green technologies need to internalize the cost of reducing environmental
hazards, which makes environmental regulation strongly influence the diffusion process
of green innovation [14]. There are three major perspectives on the relationship between
environmental regulations and green technology diffusion. Some scholars argue that strict
environmental regulations at the inflow site inhibit the diffusion of green technologies,
which is based on the theory of neoclassical economics that environmental regulations
such as energy policies and taxes increase the cost burden of firms, stimulating the green
effect paradox and inhibiting firms’ incentives to adopt green technologies [15]. In addition,
green technologies are usually initially developed, which means, compared with other
investments, they are riskier, more uncertain, and do not yield the same corresponding
benefits in the short term as existing non-green technologies [16]. At the same time,
environmental standards and regulations make companies less motivated to make an
effort regarding green innovation. When faced with meeting environmental standards or
regulatory requirements, companies have no motivation to develop or adopt new green
technologies to reduce pollution [17].

It has also been argued that environmental regulations can promote the diffusion
of green technology. First, well-designed environmental regulations can stimulate the
innovation compensation effect, which can positively affect green technology diffusion
by compensating firms for the increased compliance costs of developing and adopting
green technologies [18]; this is the famous Porter hypothesis, which has been verified by
many subsequent studies [19,20]. At the same time, market-based instruments such as
innovation subsidies and permits can provide a cost-effective response to environmental
problems. Based on characteristics, firms can choose the most efficient way to improve
their environmental performance [9]. Moreover, strict environmental regulations provide
new technological opportunities and create a huge demand for green innovation. For
example, some studies have found that top researchers prefer to develop environment-
related offshore innovation activities in host countries with strict environmental regulation
policies, as such stringent environmental regulations motivate them to localize their green
innovation activities [7].

Contrary to the above two perspectives, other scholars argue that the stringency of en-
vironmental regulations does not affect the flow of green technology. Similar environment
regulations between the inflowing country and the outflowing region will increase the
number of green technology transfers. Dechesleprétre analyzed data on vehicle emission
standards and nonresident patents for 72 countries from 1992-2007 and found that when
the regulatory standards in the inflowing region are more similar to those in the inventing
country, more green technologies would flow into those countries [8].
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All the above studies focus on micro- (institutions, companies) or macrolevel (coun-
tries), and microlevel studies often collect data by distributing questionnaires to companies,
using the adoption rate of green energy efficient technologies [21] or the adoption of green
energy technologies [8,9] as a measure of green technology flows. Macrolevel studies,
on the other hand, often use cross-border patent application data as a measure of green
technology flows [22]. Studies on the spatial diffusion of green technologies at the city
scale are not common. This paper uses the number of green patent transfers to measure
urban green technology flows. Since technology transfer is the key to innovation diffu-
sion [23], a multilevel perspective of technology transfer studies is becoming one of the
popular themes.

Patent data have higher reliability and broader coverage than questionnaire data.
In addition, with the development of networks, the diffusion of green technology has
shown complex network characteristics [24]. It has become a future research trend to
adopt complex network theory to analyze green technology diffusion [25]. China has the
largest green technology market, and, notably, the YRD is the pioneering region of green
technology in China. Therefore, this paper analyzes the spatial and temporal patterns of
green technology transfer in the YRD using social network analysis, which analyzes the
impact of environmental regulation on green technology transfer, based on triangular green
technology transfer data, and uses Quadratic Assignment Procedure (QAP) regression. The
results help to clarify the following research questions:

How does the environmental requlation affect the inter-regional diffusion of green tech-
nologies in the context of regional leading markets? In what spatial pattern is the diffusion
process of green technologies organized?

3. Data and Methods
3.1. Study Area

The YRD region is the intersection of the Yangtze River Economic Belt and the east-
ern coastal development belt, which includes Jiangsu, Zhejiang, and Anhui provinces
and Shanghai, with a total of 41 cities. It is the most representative urban agglomeration
in China and the top priority for China’s economic development. In 2020, the YRD re-
gion generated USD 24.47 trillion in regional GDP, accounting for 24.1% of China’s GDP,
though the region covers only 3.6% of China’s land area. Meanwhile, ecological green
development has been the leading direction of economic development in the YRD region.
In December 2019, the State Council of China issued the “Outline of the YRD Regional
Integrated Development Plan”, which explicitly proposes to strengthen the construction
of a collaborative innovation industry system and strengthen the common protection and
joint management of the ecological environment. Innovation-driven and green develop-
ment have become the leading directions of economic development in the YRD region. In
2022, Jiangsu, Zhejiang, and Shanghai jointly issued “Several Policy Measures on Further
Supporting the High-Quality Development of the YRD Ecological and Green Integrated
Development Demonstration Zone”, to further promote high-quality development of the
YRD ecological and green integration. Under this background, remarkable achievements
have been made in environmental governance, and technology transfer activities are very
active in the Yangtze River Delta region, which makes the YRD region a pioneer of China’s
green technology. In 2020, 4868 green patents were intercity-transferred in the YRD region,
accounting for 24.5% of the national total. Nationwide, green patents were transferred with
the participation of cities in the YRD, accounting for 65.3% of the total.

3.2. Data Sources and Processing

Green patents are direct evidence of innovation-driven sustainable development, and
its transfer reflects the flow and sharing of green innovation knowledge between regions.
Meanwhile, patent transfer has a specific commercial value and may about to be used
for commercial purposes. Patent transfer can also analyze the direction and spatial scope
of innovation diffusion from the transferor to the transferee. Therefore, this paper uses
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green patent transfer to measure green technology flow. Firstly, the data of Chinese patent
transfer in 2010, 2015, and 2020 were retrieved from the Patent Information Service Platform
of Intellectual Property Press (http://search.cnipr.com/, accessed on 13 January 2022),
containing information such as patent application number, main classification number,
registration effective date, rights holder before change, rights holder after change, address
of rights holder before change, and address of rights holder after change. Secondly, the
green patent identification system was constructed by the IPC patent classification number
(including clean energy technology, greenhouse gas treatment technology, green trans-
portation technology, green building technology, environmental management technology,
and green water technology) [26], and the green patent transfer data are selected from the
complete sample data. Finally, based on the information of “the address of the rights holder
before the change” and “the address of the rights holder after the change,” the cities of the
rights holder before the transfer of green patents and the cities of the rights holder after the
transfer are identified, and the green patent transfer data related to 41 cities in the YRD are
screened. The processed information of cities before and after patent transfer is used as the
basic information of directional relationship nodes, and ArcGIS is used for visualization.

3.3. Methods
3.3.1. Network Construction

With cities as nodes and the number of green patents transferred between cities as
edges, the weighted directed green technology diffusion network in the YRD is constructed.
The green technology diffusion network mainly portrays the intercity technology transfer
relationship. All nodes in the network are cities within the YRD, and its network boundary
is its administrative boundary.

3.3.2. Variables Selection

The explained variable of this paper is the number of green patents that transfer
from one city to another. The central explanatory variable in this paper is the intensity of
environmental regulation. The established literature quantifies environmental regulation
in four main ways. One is to measure environmental regulation in terms of environmental
governance expenditures, such as government incentives to invest in policies [27]. The
second is to measure environmental regulation in terms of pollutant emission levels or
treatment levels, such as pollutant emissions or pollutant treatment rates [28]. The third is
the establishment of a comprehensive evaluation system of environmental regulation to
create comprehensive indicators in three dimensions: input, process, and outcome [29]. The
last method is to use alternative indicators to measure environmental regulation, which is to
prevent environmental regulation from being too complex [30]. Comparing the above four
methods, the most reasonable method is to construct a comprehensive evaluation system
of environmental regulation. However, it is difficult to apply this to city-scale studies due
to data availability. In addition, it is difficult to obtain data on pollutant emission reduction
expenditures at the urban scale level in China. However, official statistics on pollutant
emission levels are available. Based on previous studies [28], three indicators are used in
this paper, namely general industrial solid waste comprehensive utilization rate, domestic
sewage treatment rate, and domestic waste harmless treatment rate, and entropy value
method is used to construct the urban environmental regulation intensity index.

The study of drivers in green technology diffusion in enterprises provides a reference
for selecting the control variables of intercity green technology diffusion influence factors in
this paper [31]. Knowledge base theory suggests that the knowledge base of a subject largely
determines its ability to acquire external knowledge [32]. In terms of green technology
diffusion in enterprises, enterprises” existing green technology innovation capacity is
often used as the basic variable, which determines their ability to absorb and supply
green technology. Meanwhile, technology gap theory suggests that technology gaps can
induce technology transfer, such as the technology transfer from developed to developing
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countries [33]. Previous studies have also shown that technology gap is one of the drivers
of intercity technology diffusion in China.

Environmental economics theory suggests that firm’s attribute plays an important
role in green technology diffusion. In intercity green technology diffusion, there will be
differences in green technology diffusion due to cities” different essential characteristics.
Economic development drives the transformation and upgrading of urban industrial
structure, which determines what type of green technology output is high and what
type of green technology is in high demand in cities. Usually, cities with mainly dominant
secondary industries tend to have a higher demand for green technologies in the production
and emission stages than cities with mainly dominant primary or tertiary sectors.

The government’s scientific and technological support are equally important in the
diffusion of green technologies. The local government’s support for scientific research
and education can, on the one hand, play a guiding demonstration role and, on the other
hand, can reduce the pressure and risk of the enterprises’ initial investment. Therefore,
government support in scientific research and education can stimulate intercity green
technology transfer. Human capital is key to developing green innovation capacity in cities,
and it can help to improve their green innovation capacity. Meanwhile, the higher the level
of human capital is, the higher the feasibility of green technology and the lower the upfront
risk that enterprises take to adopt green technology.

In this paper, five control variables are constructed, which are selected from economic
development level, industrial structure, human capital, knowledge base, and government
support. Economic development level is measured by GDP; the industrial structure is
measured by the proportion of tertiary industry to GDP; human capital is measured by
the number of full-time teachers in general higher education institutions; the knowledge
base is measured by the number of green technology applications in cities; and government
support is measured by the scale of R&D funding investment. All of the above data are
derived from the China City Statistical Yearbook.

3.3.3. Quadratic Assignment Procedure

In this paper, the impact of environmental regulation on green technology diffusion
in the YRD is analyzed through the QAP regression method, which examines the relation-
ship between the matrix of dependent variables and the matrix of multiple independent
variables. The method takes relational data as the research object and has no strict require-
ments for independence between variables, and the regression results are more robust than
conventional methods [34]. The QAP model was developed as follows.

R = (ERR, IND, GDP, HUM, SRE, KNO) 1)

where R is the dependent variable, which represents the green patent transfer matrix, ERR,
IND, GDP, HUM, SRE, and KNO are independent variables, which represent the envi-
ronmental regulation, industrial structure, economic linkage, human capital, government
support, and knowledge base, respectively.

3.3.4. Gravity Model-Based City Correlation Measurement

The green patent transfer network constructed in this paper is a directed network,
i.e., the green technology diffusion between cities is differentiated and directional. Likewise,
the contributions of the two cities to the spatial correlation of influencing factors such as
environmental regulation and economic linkages between them are also different. It has
been generally revealed that green technology innovation between cities or regions has
significant spatial correlation characteristics, and the intensity of environmental regulation
between cities or regions also shows similar characteristics of spatial proximity. Therefore,
this paper uses a modified gravity model considering the geographic distance between
cities to measure the spatial correlation degree of each factor of green technology diffusion
between cities in the YRD, as in Equation (2).
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where 77;; denotes the spatial correlation degree of city i to city j on the k factor, X denotes
the driving factor of each city, Geo;; denotes the geographic distance between two cities, v;;
is the modified empirical constant, and X contains the six driving factors selected above.
Meanwhile, due to the different units of measurement of different matrices, this paper also
adopts the Z-value method to standardize each influence factor network matrix, so that the
mean value of each driver matrix is 0 and the standard deviation is 1. The specific variables
and measurement methods are shown in Table 1.

Table 1. Variable descriptions.

Variable Name

Variable Symbols Measurement

Spatial relevance of
environmental regulation

Economic linkage spatial
relevance

Spatial correlation of
industrial structure

Spatial correlation of
human capital

Government support
spatial relevance

Knowledge base spatial
relevance

The three indicators of general industrial solid waste comprehensive
utilization rate, domestic sewage treatment rate, and domestic garbage
harmless treatment rate are selected to construct the urban environmental

ERRj regulation intensity index using the entropy value method, and the spatial
correlation from city i to city j in environmental regulation is measured using
Equation (2).
Use city GDP to represent the level of economic development of cities and use
GDP;_,; Equation (2) to measure the spatial correlation from city i to city j in terms of

economic development.
Use the ratio of tertiary industry output value of cities to represent the
IND; ; industrial structure of cities, and use Equation (2) to measure the spatial
correlation from city i to city j in terms of industrial structure.
The number of university faculty in the city is used to represent the human
HUM;,; capital of the city, and the spatial correlation from city 7 on city j in terms of
human capital is measured using Equation (2).
Using the scale of city R&D expenditure to represent the city government
SRE;_; financial support, and using Equation (2) to measure the spatial correlation
from city i to city j, in terms of government support.
Use the city green patent applications to represent the city knowledge base,
KNO; and use Equation (2) to measure the spatial correlation from city i to city j in
the knowledge base.

4. Results
4.1. Mapping the the Diffusion of Green Technology in YRD

From 2010 to 2020, the number of green patents transferred in the YRD region increased
rapidly, from 101 in 2010 to 4868 in 2020. The number of cities participating in green
technology transfer in the area also increased from 28 to 41. Over the past 10 years, the
pattern of green technology transfer in the YRD has developed from point-like scattering to
forming a network in the east and spreading to the west and north. The flow of patents
has shifted from clustering in the east to spreading from the east to the central and western
regions (Figure 1 and Table 2).
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Figure 1. Green technology diffusion in YRD from 2010 to 2020. Data source: Patent Information
Service Platform of Intellectual Property Press. Available online: http:/ /search.cnipr.com/pages!
advSearch.action (accessed on 13 January 2022).
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Table 2. Top 10 intercity links of green technology transfer in YRD.

ord 2010 2015 2020
rder
Transfer Out Transfer In Number Transfer Out Transfer In Number Transfer Out Transfer In Number

1 Suzhou Shanghai 10 Suzhou Shanghai 34 Shanghai Hangzhou 209
2 Shanghai Suzhou 10 Hangzhou Suzhou 33 Shanghai Taizhou 198
3 Changzhou Wuxi 7 Shanghai Suzhou 22 Shanghai Suzhou 130
4 Shanghai Jiaxing City 5 Zhenjiang Shanghai 15 Shanghai Huzhou City 51
5 Jinhua Taizhou 5 Changzhou Shanghai 14 Nanjing Changzhou 50
6 Ningbo Shanghai 4 Wuxi Shanghai 13 Shanghai Jiaxing City 50
7 Millipore Ma’anshan City 4 Changzhou Nanjing 13 Nanjing Suzhou 49
8 Wenzhou Suzhou 3 Hangzhou Jiaxing City 13 Suzhou Shanghai 48
9 Taizhou City Suzhou 3 Ma’anshan City Hefei 13 Hangzhou Jiaxing City 47
10 Shanghai Hangzhou 3 Wenzhou Hangzhou 13 Hangzhou Huzhou City 46

Data source: Patent Information Service Platform of Intellectual Property Press. Available online: http://search.
cnipr.com/pages!advSearch.action (accessed on 13 January 2022).

In 2010, the volume of green technology transfer and the number of participating
cities in the YRD region were 101 and 28, respectively, with 19 cities transferring out of
green technology, 18 cities transferring into green technology, and 16 cities absorbing and
spreading out green technology. In 2015, the volume of green technology transfer and
the number of participating cities in the YRD region were 711 and 40, respectively, with
38 cities transferring out of green technology, 39 cities transferring into green technology,
and 37 cities absorbing green technology as well as spreading it outward. In 2020, the
number of green technology transfers soared to 4868, and all 41 cities in the YRD region
participated in green technology transfers.

In terms of green technology transfer volume, Shanghai, Suzhou, Hangzhou, Nan-
jing, and Wuxi occupied the top five positions in 2010, with Shanghai ranking first with
39 green patents transferred (22 transferred out and 12 transferred in); Suzhou ranked
second with 29 green patents transferred (10 transferred out and 19 transferred in); and
Hangzhou ranked third with 20 green patents transferred (12 transferred out and 8 trans-
ferred in). In 2015, the top 10 positions were occupied by Shanghai and cities in Zhe-
jlang and Jiangsu provinces. Shanghai ranked first, with 207 transferred green patents
(94 transferred out and 113 transferred in); Suzhou ranked second with 150 transferred
green patents (71 transferred out and 79 transferred in); and Hangzhou ranked third with
140 transferred green patents (92 transferred out and 48 transferred in). In 2020, 9 of
the top 10 positions were taken by cities in Shanghai, Zhejiang, and Jiangsu. Shanghai
ranked first, with 1157 transferred green patents (865 transferred out and 292 transferred
in); Hangzhou overtook Suzhou and ranked second with 816 transferred green patents
(447 transferred out and 369 transferred in); Suzhou ranked third with 796 transferred
green patents (341 transferred out and 455 transferred in); and Hefei, in Anhui province,
ranked first with 392 transferred green patents (270 transferred out and 122 transferred in).
In 2010 and 2015, Shanghai, Hangzhou, and Suzhou occupied the core position of intercity
green technology transfer in the YRD, with the volume of green technology transfer in these
three cities accounting for more than 70% of the total intercity green technology transfer in
the YRD. In 2020, Shanghai became the sole core of the network, accounting for 23.8% of
the total green technology transfer volume in the YRD.

In terms of intercity green technology transfer relationship, in 2010, the strength of in-
novation linkage between cities was generally weak, and the strongest linkage was between
Shanghai and Suzhou, with 10 of the 22 green patents transferred from Shanghai being
transferred to Suzhou, and all 10 green patents transferred from Suzhou were transferred
to Shanghai. This was followed by Changzhou and Wuxi, with 7 of the 10 green patents
transferred from Changzhou being transferred to Wuxi. In 2015, Suzhou had a strong
relationship with Shanghai and Hangzhou. Overall, 34 of the 71 green patents transferred
from Suzhou were transferred to Shanghai, 33 of the 92 green patents transferred from
Hangzhou were transferred to Suzhou, and 22 of the 94 green patents transferred from
Shanghai were transferred to Suzhou. In addition, five pairs of cities, in the top 10 intercity
links of green technology transfer in the YRD region, are cities in Shanghai and Jiangsu
provinces, indicating that the links between Shanghai and Jiangsu Province in the YRD
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region are closer, and the green ecological integration of the YRD is yet to be further devel-
oped. In 2020, 209 of the 865 green patents transferred from Shanghai were transferred to
Hangzhou, 198 were transferred to Taizhou, and 130 were transferred to Suzhou, which
is also in the top three intercity links of green technology transfer in the YRD region. In
addition, four pairs of cities, in the top 10 intercity links in the YRD region, are cities in
Shanghai and Zhejiang Province, and two pairs are cities in Shanghai and Jiangsu Province,
indicating that Shanghai is still the core of green technology transfer in the YRD region.
However, compared with 2015, the relationship between Shanghai and Zhejiang Province
is stronger. The closeness with Jiangsu Province has slightly decreased, and the green
ecological integration in the YRD still needs further development.

In terms of spatial distribution, in 2010, the amount of intraregional green technology
transfer in the YRD was small, and the network was sparse. In 2015, firstly, the network
of green technology transfer in the eastern part of the YRD began to form a network.
Secondly, the dominant position of YRD intraregional green technology transfer was
occupied by Shanghai, Suzhou, and Hangzhou, and among 209 pairs of intraregional
green technology transfer relationships, 86 pairs involved three cities, namely Shanghai,
Suzhou, and Hangzhou. In addition, intraregional green technology transfer at this stage
mostly showed clustering to the east in terms of direction. By 2020, the eastern YRD green
technology diffusion network continued to grow and dominated the whole YRD region, but
the intercity green technology transfer in this stage was opposite to that in 2015, showing
patterns from east to west and from east to south, which were mainly transfers of green
patents from Shanghai, Nanjing, Suzhou, and other cities to the west. In general, cities
with higher innovation linkage intensity in these three years are basically centered on
Shanghai, Suzhou, Hangzhou, Nanjing, Ningbo, Jiaxing, and cities with higher economic
development levels. The intensity of green patent transfer linkage among cities generally
shows the characteristics of intensiveness in the southeast and sparseness in the northwest.
In addition, the direction of patent flow shifts from clustering in the east to spreading from
the east to the central and western regions.

4.2. Model Estimation Results

Since the number of green patent transfers in the YRD in 2010 was so small, which
would affect the robustness of the model, we only used the green patent data of 2015 and
2020 for regression. Table 3 shows the QAP regression results of the factors influencing
green technology diffusion in the YRD in 2015 and 2020. The coefficients of environmental
regulation are all positive and all significant at the 1% level, indicating that the stronger the
spatial linkage of environmental regulation is, the greater the amount of green technology
transfer between cities. In other words, our study shows that a high level of similarity in
environmental regulations can facilitate green technology transfer within the YRD region.
As the largest economic growth pole in China, the YRD region, which contains Shanghai,
Jiangsu, and Zhejiang provinces, as early as 2004, jointly issued the Declaration on Re-
gional Cooperation in the YRD to incorporate environmental cooperation into the regional
economic integration strategy and make full use of market instruments to improve and
develop environmental regulations. In 2007, 16 cities in the economically developed eastern
and southern YRD signed the YRD Regional Cities (Changzhou) Cooperation Agreement,
which established a general framework for the YRD to facilitate ecological compensation
mechanisms. In 2016, the three provinces and one city of the YRD jointly published the
Regional Linkage of Environmental Law Enforcement in the YRD Region Initiative to make
cooperation in supervising environmental violations involving water, air and hazardous
waste. In 2019, China issued the “Outline of the YRD Regional Integrated Development
Plan”, which prioritizes adherence to ecological and environmental protection and places
great importance on the protection and restoration of the ecological environment. It can be
understood that the environmental regulations in the YRD region are gradually improving,
given the two main environmental regulations of incentives and penalties. Since then, the
environmental regulations of the three provinces and one city in the YRD have a tendency
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toward integration, and the collaborative environmental management has become increas-
ingly effective, which also promotes the intraregional flow of green technologies in the
YRD, to a certain extent.

Table 3. QAP regression of influencing factors of green technology transfer in YRD.

2015 2020
Variables Unstandardized Standardized Unstandardized Standardized
Coefficient Coefficient Coefficient Coefficient
ERR 0.533281 *** 0.269436 *** 2.120452 *** 0.216643 ***
GDP 1.685275 *** 0.866144 *** 4.569788 *** 0.474893 ***
IND —(0.889848 *** —0.456892 *** —3.562693 *** —0.369811 ***
HUM 0.350277 *** 0.180017 *** 2.439780 *** 0.253540 ***
SRE —0.145534 ** —0.074759 ** 0.055620 0.005777
KNO —0.893463 *** —0.459295 ** —1.782901 *** —0.185294 ***

Note: **p < 0.1, ** p < 0.05.

In addition, we have some other findings. Urban economic development linkage
promotes green technology flow within the YRD region. The stronger the urban economic
development level linkages are, the more economic cooperation there is, which to a certain
extent widens the opportunities for intercity green technology exchange and cooperation,
thus promoting green technology transfer. Second, tertiary industry linkages did not
promote intercity green technology transfer, while they had a suppressive effect. The
possible reason is that green building technology is the most applied green patent category
in China, and, when analyzing the spatial and temporal pattern of green technology flow
in the YRD, we found that green building technology is the most popular technology in the
market, which is why the growth of tertiary industry, represented by the information and
communication industry and scientific research, does not promote green technology flow.

Third, human capital linkage can promote green technology transfer within the YRD
region. Talent is the engine of scientific and technological progress and plays a prominent
role in enhancing green technology innovation capacity. When educational human capital
accumulates to a certain level, especially when the technological innovation effect of
advanced educational human capital comes into play, human capital linkage would have
a positive impact on green technology transfer in the YRD. Fourth, the government’s
scientific research support has negative influence on green technology transfer in the
YRD region. The government’s financial support for education and scientific research
mainly promotes scientific research, rather than the specific application of green technology
results. Therefore, more government support for scientific research and education does not
necessarily facilitate green technology transfer. Fifth, there is a significant negative effect of
innovation capacity linkage on green technology in the YRD. After 2015, although the green
patent transfer among top cities, such as Shanghai and Suzhou, occupied the top position,
many cities with a low number of green patent applications also had technology transfers
with top cities. For example, in 2020, top cities such as Shanghai, Nanjing, Hangzhou,
and Wuxi mainly played the suppliers’ role in the patent transfer network, while cities
with weak knowledge bases such as Anging, Fuyang, and Bozhou obtained many green
patents from top cities. In this regard, innovation capacity linkage does not impede intercity
green technology transfer. This confirms the correctness of technology gap theory, which
induces technology transfer to occur, i.e., cities with strong green innovation capabilities
will transfer green technologies to cities with weaker green innovation capabilities.

5. Conclusions and Discussion

The relationship between environmental regulation and green technology diffusion
is currently a core research topic in the environmental innovation field. In this paper, we
measured the intercity green technology diffusion by the number of green patent transfers
and carved the spatial and temporal patterns of green technology flows in the YRD. Then,
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we analyzed the impact of environmental regulation on green technology transfer with the
help of the QAP model, from which we summarized the following findings.

First, from 2010 to 2020, green technology transfer in the YRD region mainly occurred
in Shanghai, Hangzhou, Shaoxing, Suzhou, and Nanjing. The intensity of the green patent
transfer linkage between cities generally shows the characteristics of intensiveness in the
southeast and sparseness in the northwest, while the direction of patent flow shifts from
clustering in the east to spreading from the east to the central and western regions. From
the perspective of green patents, the ecological green integration of the YRD has not yet
been realized and needs to be further developed [35]. Cities in the east and south lead
the development of green technology transfer in the YRD. Meanwhile, the western and
northern regions, such as Anhui Province, are the key “poverty alleviation” areas of green
technology integration in the YRD.

Second, the regression results show that environmental regulation facilitates green
technology diffusion within the YRD region. This is because the YRD region, as the leader
of green development in China, reached a regional environmental governance agreement
as early as 2004. Since then, environmental regulation regulations in the YRD region have
been gradually improved. In 2019, the integrated green regional development of the YRD
region was promoted to a national strategy. The YRD region has been at the forefront of
green development in China, and its relevant laws and regulations are more mature, which
is an important reason why environmental regulations play a strong role in promoting
green technology diffusion within the YRD region.

In addition, we have some other interesting findings. First, tertiary sector linkages
have a negative impact on the flow of intercity green technology. Green building technolo-
gies are the most dominant technologies in the market, so the growth of the tertiary sector,
represented by the information and communication industry and scientific research, does
not promote the flow of green technology. Secondly, human capital linkage has a facilitating
effect on green technology transfer within the YRD region, because, when educational hu-
man capital accumulates to a certain level, the technological innovation effect of advanced
educational human capital will, especially, come into play. Third, innovation capability
linkage shows a negative effect on green technology transfer in YRD, which confirms the
technology gap theory. Fourth, government research support has a negative effect on green
technology flow within the YRD region.

In response to the above findings, we offer some suggestions. Firstly, the Yangtze
River Delta region needs to increase green technology innovation investment collectively;
the top cities of green technology innovation, especially, should help cities with weaker
green technology innovation capacity through a multitype help mechanism, to narrow
the technology gap between cities, while enhancing cities” green technology absorption
and conversion capacity. Secondly, it is necessary to build the central role of Shanghai’s
green technology innovation in China by cultivating green technology innovation engine
enterprises, improving its green technology innovation potential, and enhancing the ra-
diation and driving ability of Shanghai on green technology innovation in the Yangtze
River Delta. Finally, it is crucial for the Yangtze River Delta region to tailor (dynamically
adjust) environmental regulations to local conditions. The Yangtze River Delta collaborative
governance system should be further improved to avoid the “race to the bottom” that is
caused by excessive differences in the intensity of environmental regulations between cities.

There are still some limitations in our study. First, it is, relatively, a single method
to measure the environmental regulation of cities from the perspective of pollutant treat-
ment, by synthesizing only the comprehensive utilization rate of general industrial solid
waste, domestic sewage treatment rate, and harmless domestic waste treatment rate into
comprehensive indicators, so building a richer environmental regulation evaluation index
system is a future direction to be explored. Secondly, although China’s green patents
has been classified into six types according to the existing literature, there are still some
environmental technologies that have not been taken into consideration, such as adsorp-
tion and cooling technology, advanced combustion technology, and emission reduction
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technology, so a broader green patent identification system should be established in the
future. Thirdly, enterprises have a dominant position in green technology innovation and
transfer. Combining enterprise heterogeneity (scale, industry, etc.) with the spatial and
temporal characteristics of green technology diffusion and analyzing the influence of envi-
ronmental regulation on the green technology transfer between enterprises and industries
of different scales is the next issue to be studied. Finally, although we have divided the
green technology categories, we have not explored the spatial and temporal characteristics
of green technology transfer in each category or the influence of environmental regulation
on the diffusion of green technology in different categories, which are also topics that needs
to be studied in the future.
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