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Abstract: This paper analyzes the temporal and spatial characteristics of green invention patent
applications during 1985–2018. The results show that China’s green invention patent applications
present five stages of slow development, slow growth, accelerating growth, rapid growth and
booming. Green invention patent applications in the fields of energy conservation, alternative energy
production and waste management have always been in the forefront, but there are relatively less
green invention patent applications in transportation and nuclear power; which need to be further
strengthened. Green invention patent applications show a high level of geographical agglomeration
in space, mainly concentrated in the eastern region, followed by the central region, the western
region and northeast region. During the study period, the differences among the four major regions,
eastern, northeastern, central and western, showed a trend of first expanding and then narrowing,
and the intra-regional differences were the main source of spatial differences. The number of green
invention patent applications in the four regions also shifted in space during the research period.
The temporal and spatial evolution characteristics are correlative to national and regional innovation
policies. Aiming at solving the problems of unbalanced development in different categories of green
invention patent applications and regions, this paper puts forward corresponding policy suggestions.

Keywords: green innovation; temporal and spatial evolution; invention patent applications

1. Introduction

With rapid economic growth, China’s ecological and environmental problems are
becoming more and more prominent. Problems such as excessive energy consumption and
serious air pollution need to be solved urgently. Green innovation is the fundamental way to
realize the coordinated and sustainable development of the economy, society, resources and
the environment. It has a positive effect on the quality of economic development [1]. Green
technology innovation can not only improve production efficiency, but can also reduce
production energy consumption and pollutant emission, so as to achieve the “win-win”
goal of economic development and environmental protection.

China has implemented various policies to promote green innovation. In 2016, China
issued the outline of the national innovation development strategy to encourage the development
of green technology [2], including intelligent green manufacturing technology, ecological
agricultural technology, clean energy technology, efficient utilization of resources and
environmental protection technologies. In 2019, China’s National Development and Reform
Commission and the Ministry of Science and Technology jointly issued guiding opinions on
building a market-oriented green technology innovation system, pointing out that accelerating
the development of a green technology innovation system, and promoting the development
of green industry, is of great significance for improving China’s position in the new round
of scientific and technological competition [3]. In 2021, the action plan for reaching the peak
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of carbon emission by 2030, issued by the State Council of China, pointed out the need to
accelerate the green and low-carbon scientific and technological revolution [4]. In view
of this, it is necessary to analyze the development status, temporal and spatial evolution
characteristics and regional differences of China’s green technology innovation, and adjust
the regional innovation policy according to the analysis results to further promote the
development of green technology innovation.

Previous studies have used patent data in different periods to analyze the geographi-
cal agglomeration characteristics of China’s innovation [5–8]. Existing studies have also
analyzed influencing factors of green innovation and green innovation efficiency [9–11].
The results show that R and D efficiency, per capita GDP [12], environmental regulation in-
tensity [13], low carbon city pilot policy [14], carbon emission trading policy [15,16], cleaner
production audit (CPA) program [17], tax, R and D subsidy [18], and pollution information
transparency [19] are the main factors affecting green innovation. In order to encourage
enterprises to innovate and enhance their awareness of intellectual property protection,
in 1999, China’s State Council issued the decision on strengthening technological innovation,
developing high technology and realizing industrialization. In the year when the policy was
released, Shanghai and other regions launched activities to encourage local enterprises to
apply for patents, and then other provinces launched similar projects [20]. Although the
objectives are the same, the policy design for each region is different, and the number of
financial subsidies is different as well. Therefore, differences in innovation policies are also
the reasons for the uneven spatial distribution of patent innovation in China.

To sum up, there are abundant studies on the spatial pattern and influencing factors
of patent innovation, but most of the existing studies analyze the overall development
of China’s innovation, without distinguishing whether innovation is green innovation or
not, and there are few studies related to the temporal and spatial evolution characteris-
tics of green innovation. In addition, the existing research on green innovation has not
subdivided the categories of green innovation, so it is impossible to analyze the specific
categories of green innovation. Through data mining of patent application information
from 1985 to 2018, this paper extracts seven categories of green patents, according to the
IPC green inventory of the World Intellectual Property Organization (WIPO), and analyzes
the dynamic evolution characteristics of seven categories of green innovation. This research
will be helpful to clarify the development status of various types of green innovation
and help the government formulate and adjust regional innovation policies, and specific
industrial innovation policies, so as to promote the rapid and balanced development of
green innovation in China.

The remainder of this article is organized as follows. The related works are reviewed
in Section 2. The methods and data used in this paper are introduced in Section 3. Then the
results and discussion are presented in Section 4. Finally, we offer a concluding remark and
address some limitations in Section 5.

2. Related Work

China’s innovation presents the characteristics of spatial convergence and agglom-
eration. Using the nonlinear time-varying factor model and club clustering algorithm
proposed by Phillips and Sul in 2007 [21], Bai et. al. found that there was a phenomenon
of club convergence in China’s regional renewable energy technology innovation during
1997–2015. The ordered probit model was used to investigate the factors that influence
club convergence. The results showed that differences in industrial structure, R and D
investment intensity, and environmental regulation intensity are the main drivers of club
convergence. Provinces with relatively similar industrial structure, R and D investment
intensity, and environmental regulation intensity have similar levels of innovation and
growth rate, and they belong to the same convergence club [5]. Ye et. al. applied social
network analysis to the patent cooperation network among Chinese enterprises and found
that there was small-world effect during 1985–2010 [6]. Li et. al. also used social network
analysis to investigate the spatial-temporal evolution of patent collaboration networks
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of China’s intelligent manufacturing equipment industry, over the period 2001–2018 and
found that patent collaboration networks changed over time and varied across provinces.
Some provinces presented intra-provincial collaboration, while other provinces, such as
Beijing and Guangdong provinces, collaborated between provinces [8]. Ying et. al. ex-
plored the agglomeration of green innovation driven by intelligent manufacturing through
conducting a survey on enterprises. Their results showed that geographical proximity
promoted innovation cooperation in different regions [22]. Fan and Xiao analyzed the
spatial correlation of green innovation between different regions in China and found that re-
gional development was unbalanced and some regions benefited more from the innovation
network [23]. Liu et. al. used the data of patent grants from 2007 to 2017 in China, gravity
model and social network analysis to analyze the evolution of the green innovation network.
Their results revealed that green innovation has spillover effects among provinces [24].The
government should implement proper innovation policies to promote patent cooperation
and make use of the spillover effects. Zhao et. al. investigated the reasons for regional
inequality of renewable energy innovation in China using patent data from 2008 to 2017,
Gini coefficient and regression model. They found that regional inequality of renewable
energy innovation was mainly due to the differences in regional R and D expenditure and
knowledge stock [25].

The geographical agglomeration characteristics of China’s innovation are not constant,
but change with time and policies’ implementation. The existing studies found that the ge-
ographical agglomeration of innovation has phased characteristics. At different stages, the
regions where patent innovation concentrated changed. Zhang et. al. used patent applica-
tion data, gravity model and index decomposition method to investigate the spatial features
and influence factors of low-carbon energy technology innovation in China. They found
that the gravity center of China’s low-carbon energy patent applications cluster moved
towards southwest, southeast or northeast over 2000–2017. In addition, the technology pri-
ority of specific low-carbon energy technology assigned by investors was the main driving
force for the development of innovation [7]. Bai et. al., explored the spatial characteristics of
smart grid technology in China using smart grid patent data from 2009 to 2020, and found
that smart grid innovations are spatially agglomerated. Furthermore, the hotspots of smart
grid innovation varied in different stages [26].

The existing studies provided insight for this paper. However, most of these studies
focus only on one category of green innovation, or only cover a short period, which cannot
reflect the overall development trend of green innovation in China. Therefore, it is necessary
to analyze temporal and spatial evolution of green innovation more thoroughly.

3. Methods and Data
3.1. Methods
3.1.1. Gini Coefficient

The Gini coefficient can reflect whether the innovation is evenly distributed in space [25].
The Gini coefficient can be calculated using Equation (1).

G =
∑n

i=1 ∑n
j=1

∣∣∣xi − xj

∣∣∣
2N2x,

(1)

where N represents the total number of provinces or cities, x is the mean of xi, G value is
between 0 and 1. When innovation activities are completely evenly distributed in space,
the G value is 0, and when they are completely concentrated, the G value is 1. The greater
the G, the higher the degree of agglomeration.

3.1.2. Theil Index

The Theil index (T) can be used to measure change of differences [27]. It can be
calculated using Equation (2).
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T = ∑N
i=1 xilog

xi
1
N

(2)

where, xi is the share of innovation output of regional i in the country, and N is the
total number of provinces or cities in the country. The Theil index (T) decomposes the
differences into intra-regional differences (Tw) and interregional differences (TB), as shown
in Equations (3)–(5). Xr is the share of innovation output of region r in total national
innovation output, Nr is the number of provinces or cities in region r, and M is the total
number of regions.

T = Tw+TB (3)

Tw = ∑M
r=1 Xr ∑i∈r

xi
Xr

log
xi
Xr
1

Nr

(4)

TB = ∑M
r=1 xrlog

Xr
Nr

N
(5)

3.1.3. Global Moran Index

The Global Moran Index (Moran’s I) has been used to calculate spatial dependence
in previous studies [28,29]. We use Global Moran’s I to calculate the spatial correlation of
green invention patent applications in China’s provinces or cities. The calculation of the
Global Moran Index is shown in Equation (6).

I =
N
S0

∑N
i=1 ∑N

j=1 wijzizj

∑N
i=1 z2

i
(6)

where zi = xi − x, x = ∑N
i=1 xi
N , S0 = ∑N

i=1 ∑N
j=1 wij, wi,j is the row standardized spatial

weight matrix. N is the total number of regions. S0 is the aggregation of all spatial weights.
The standardized Z statistics test the significance of Moran index, as shown in Equation (7).

zI =
I − E[I]√

SD[I]
(7)

where E[I] = −1/(N − 1), SD[I] = E
[
I2]− E[I]2, E[I] is the expected mean, and SD[I] is

the standard deviation.

3.2. Data

The OECD Patent Statistics Manual points out that patent data provide unique infor-
mation on inventive activities and processes compared with other innovation indicators
like R and D expenditure and personnel [30]. Although there are drawbacks of using
patent data as a proxy for innovation activities, patent data form a consistent basis for
comparison across time and regions [30]. Patent data can be used to analyze specific cate-
gories of technology innovation, while data of R and D expenditure for specific technology
are unavailable.

There are two types of patents, i.e., invention patents and utility patents. Invention
patent data is used to measure the level of innovation, as it can represent the output of
high-quality innovation activities [17,31]. In addition, due to the lag of patent authorization,
it is difficult to investigate the impact of recent policies using the data of patent granted [16].
Following previous studies [7,16,31,32], we select invention patent application data to
measure innovation efforts.

Patent data generally lag from application to publication for half a year to one and
a half years. The current statistics of patent applications in 2019 and 2020 are incom-
plete. Therefore, this paper mainly analyzes the invention patents registered in China
from 1985 to 2018. The invention patent application data of 31 provinces or autonomous
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regions in China, from 1985 to 2018, were selected as the sample. Patent application data
comes from the State Intellectual Property Office (SIPO) of China. The green invention
patent application data were screened and extracted from SIPO according to the Interna-
tional Patent Classification (IPC) Green Inventory codes developed by the World Intellectual
Property Organization (WIPO) in 2010 (https://www.wipo.int/classifications/ipc/green-
inventory/home, accessed on 1 March 2022). The IPC Green Inventory summarizes the
patents relating to Environmentally Sound Technologies. It divides green patents into
seven categories (including alternative energy production, transportation, energy conser-
vation, waste management, agriculture and forestry, administrative, regulatory or design
aspects, and nuclear power generation), and each category has detailed International Patent
Classification codes.

4. Results and Discussion
4.1. Temporal Evolution Characteristics
4.1.1. Overall Trend and Innovation Policies

During the 34 years from 1985 to 2018, the number of green invention patent applica-
tions in China showed an increasing trend (as shown in Figure 1). The cumulative number
of green invention patent applications in China during the 34 years was 1.17 million. As
can be seen from Figure 1, the development of green invention patent applications in China
can be roughly divided into five stages, which are mainly related to China’s Five-Year Plan
periods. There were few changes during the first two stages; the first and second stages
include about ten years i.e., two Five-Year Plan periods.
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Figure 1. Number of green invention patent applications for the period 1985–2018.

The first stage: slow development. From 1985 to 1995, the 7th and 8th Five Year
Plan periods, the number of green invention patent applications increased slowly, with
a cumulative number of seven thousand, accounting for 0.6% of the total number of
applications in 34 years, and the average annual applications was seven hundred.

The second stage: slow growth. From 1996 to 2005, the 9th and 10th Five Year
Plan periods, the growth rate increased. The cumulative number of applications was
39 thousand, accounting for 3.3% of the total number of applications in 34 years. The
average annual number of applications was four thousand. Since 2005, the annual number
of applications has exceeded ten thousand.

The third stage: accelerating growth. During the 11th Five Year Plan period (2006–2010),
the cumulative number of applications was 124 thousand, accounting for 10.7% of the
total number of applications in 34 years, and the average annual applications reached
25 thousand.

Stage 4: rapid growth. During the 12th Five Year Plan period (2011–2015), the cu-
mulative number of applications was 399 thousand, accounting for 34.1% of the total
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number of applications in 34 years, and the average annual number of applications reached
80 thousand, three times that of the 11th Five Year Plan period. Since 2015, the annual
application volume has exceeded 100 thousand.

Stage 5: booming. During the first three years of the 13th Five Year Plan period
(2016–2018), the cumulative number of applications was 600 thousand, accounting for
51.2% of the total number of applications in 34 years, and the average annual applications
reached 200 thousand.

The temporal characteristics of China’s green invention patent applications are closely
related to changes in national and local scientific and technological innovation policies.
China formulated a series of scientific and technological innovation policies from 1985
to 2018 [33]. In 1993, the law of the People’s Republic of China on scientific and technological
progress was adopted [34]. It stipulates that the government should gradually increase the
overall level of scientific and technological investment and implement preferential policies
for R and D institutions and enterprises engaged in the development and production of
high-technology products. In 1996, the law of the People’s Republic of China on promoting
the transformation of scientific and technological achievements was adopted and the decision
of the CPC Central Committee and the State Council on accelerating scientific and technological
progress was promulgated [35]. In 2005, the outline of technological innovation of the national
high-technology industry development zone was printed and issued. Through the implementa-
tion of the development strategy of secondary entrepreneurship (focusing on creating an
innovation and entrepreneurship environment and enhancing technological innovation
ability), the national high-technology zone has truly become a technological radiation
source for transforming and upgrading traditional industries [36]. These policies promote
the development of scientific and technological innovation, but do not emphasize green
technology innovation. The growth of green invention patent applications is relatively slow.

During the Eleventh Five-Year Plan period, China’s State Council issued the outline of
the national medium and long term science and technology development plan (2006–2020) [37],
which puts forward the key areas and priority themes of technological development, includ-
ing energy conservation, clean and efficient development and utilization of coal, large-scale
development and utilization of renewable energy in the field of energy; comprehensive pol-
lution control and waste recycling in the field of environmental protection; environmentally
friendly fertilizer and ecological agriculture in the field of agriculture; green manufacturing,
recyclable steel process technology and equipment; low energy consumption and new
energy vehicle technology in the transportation industry; building energy conservation
and green building. These themes belong to the field of green technology innovation, and
promoted the rapid growth of green invention patent applications in the third stage and
subsequent years (2006–2018).

During the 12th Five-Year Plan period, the national 12th Five-Year Plan for science
and technology development, issued by the Ministry of Science and Technology of China,
proposed to focus on the development of advanced green manufacturing technologies and
products [38], and issued the 12th Five-Year Plan for the development of green manufacturing
technology in 2012 [39]. These policies promoted the rapid growth of green invention patent
applications during the 12th Five Year Plan period.

During the 13th Five-Year Plan period, China’s State Council issued the 13th five-year
plan for national scientific and technological innovation, which further emphasized the develop-
ment of intelligent green manufacturing technology, clean and efficient energy technology,
green technology in rail transit, green biological manufacturing technology, efficient re-
source recycling technology, green building technology, etc. [40]. These policies promoted
the rapid development of green invention patent applications during the 13th Five-Year
Plan period.

4.1.2. Development Trend of Different Categories of Green Patents

In order to further analyze the time evolution characteristics of different categories,
green invention patent applications are divided into seven categories according to the IPC
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Green Inventory codes of the World Intellectual Property Organization (WIPO), including
alternative energy production, transportation, energy conservation, waste management,
agriculture and forestry, administrative, regulatory or design aspects, and nuclear power.
Figure 2 shows the characteristics of green invention patent applications over time.
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Figure 2. Number of green invention patent applications of seven categories for the period 1985–2018.
(a): the first stage (1985–1995). (b): the second stage (1996–2005). (c): the third stage (2006–2010).
(d): the fourth stage (2011–2015). (e): the fifth stage (2016–2018).

As can be seen from Figure 2a, the first stage (1985–1995) saw relatively rapid growth
in the number of green invention patent applications, including Category 1 (alternative
energy production), Category 4 (waste management) and Category 5 (agriculture and
forestry). As can be seen from Figure 2b, Category 1, Category 3 (energy conservation)
and Category 4 increased rapidly in the second stage (1996–2005). After 2003, the growth
rate of Category 3 exceeded that of Category 5. Since 2003, Category 6 (administrative,
regulatory or design aspects) has also shown a rapid growth trend. As is shown in Figure 2c,
Category 1, Category 3 and Category 4 still grew rapidly in the third stage (2006–2010).
The growth rate of Category 2 (transportation) and Category 6 (administrative, regulatory
or design aspects) is close to that of Category 5 (agriculture and forestry).
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Figure 2d shows that Category 1, Category 3 and Category 4 increased rapidly in the
fourth stage (2011–2015). The annual average number of applications for waste manage-
ment ranked the first, reaching 20 thousand. The second was Category 1 (alternative energy
production), with an average annual application volume of about 18 thousand. As can be
seen from Figure 2e, the application volume of Category 4 in the fifth stage (2016–2018)
exceeded that of Category 1 and Category 3, becoming the category with the largest annual
application volume. Category 6 (administrative, regulatory or design aspects) showed a
rapid growth trend as well. Since 2018, the annual application volume of Category 6 has
exceeded Category 1 and Category 3.

From the above analysis, it can be seen that during 1985–2018, green invention patent
applications in the fields of alternative energy production (Category 1), energy conservation
(Category 3) and waste management (Category 4) have always been in the lead, and green
invention patent applications in the field of administrative, regulatory or design aspects
(Category 6) have been paid more and more attention. However, there are relatively few
green invention patent applications in transportation (Category 2) and nuclear power
(Category 7), which need to be further strengthened.

4.2. Spatial Evolution Characteristics
4.2.1. Geographical Agglomeration Characteristics

Green invention patent applications in 31 provinces or cities in China show a high
level of geographical agglomeration. Figure 3 shows the change of Gini coefficient during
1985–2018. As can be seen from Figure 3, the Gini coefficient of China’s green invention
patent applications is mostly above 0.4, and shows an overall growth trend. After 2000, the
Gini coefficient was above 0.5, and during 2005–2018, the Gini coefficient was about 0.6.
This means that China’s green invention patent applications show a certain degree of
self-strengthening among provinces or cities. The development of innovation ability of
provinces or cities is uneven.
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4.2.2. Spatial Difference Evolution

Referring to existing research, 31 provinces or cities in China are divided into four regions
(east, northeast, central and west). The eastern region includes 10 provinces or cities, namely
Shandong, Beijing, Hebei, Tianjin, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong and
Hainan. Northeast China includes three provinces; namely Heilongjiang, Jilin and Liaoning.
The central region includes six provinces; namely Henan, Shanxi, Anhui, Hubei, Hunan and
Jiangxi. The western region includes 12 provinces or cities; namely Shaanxi, Ningxia, Qinghai,
Xinjiang, Gansu, Tibet, Yunnan, Sichuan, Chongqing, Guizhou, Inner Mongolia and Guangxi.
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The variation of Theil index and the intra-regional (Tw) and interregional (Tb) differences
with time are shown in Figure 4.
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As can be seen from Figure 4, the Theil index shows an increasing trend as a whole,
from 0.39 in 1985 to 0.60 in 2018, indicating that the difference in green invention patent
applications among provinces or cities was expanding. According to the decomposition
results of Theil index in Figure 4, the intra-regional difference is the main source of the total
difference, and the average contribution to the total difference was 59%. The difference
within the western region was the largest. In 2018, the Theil index of the western region
reached 0.48, and the polarization characteristics were the most significant. The Theil index
of the eastern region was 0.33 in 2018. The Theil indices of the central region and the
northeast region in 2018 were 0.24 and 0.10, respectively. These two regions had relatively
balanced spatial distribution of green invention patent applications.

The differences among the four regions, e, northeast, central and west, showed a trend
of first expanding and then narrowing. For the period 1996–2005, interregional differences
showed an increasing trend as a whole. In 2005, the contribution rate of interregional
differences to the total difference reached 55%. For the period 2006–2018, interregional
differences fluctuated and decreased, and the contribution rate of interregional differences
to the total difference decreased to 46% in 2018. To a certain extent, this was related
to the implementation of the western development strategy. On December 8, 2006, the
executive meeting of the State Council deliberated on and approved the Eleventh Five Year
Plan for Western Development. Since then, the differences in the level of green scientific and
technological innovation among China’s regions have gradually narrowed. In addition,
in 2006, the State Council issued the outline of the national medium- and long-term science
and technology development plan (2006–2020) [31], marking the fact that China’s regional
innovation has entered the stage of coordinated development. Therefore, since 2006, the
differences in regional invention patent applications have been shrinking.

4.2.3. Spatial Correlation Analysis

The results of Global Moran’s I are shown in Table 1. As can be seen from Table 1, only
the Global Moran Index in 1988 was significantly positive, at the level of 1%, and the Global
Moran Index in other years was insignificant. Therefore, there was no significant spatial
correlation between the number of green invention patent applications in China, and the
spatial spillover effect of green invention patent applications was unobvious. Incentive
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policies should be formulated to encourage demonstration of leading roles for regions with
high innovation levels.

Table 1. Global Moran’s I for the period 1985–2018.

Year Moran’s I Z P Year Moran’s I Z P Year Moran’s I Z P

1985 0.02 0.38 0.70 1997 −0.06 −0.19 0.85 2009 −0.13 −0.69 0.49
1986 0.11 0.96 0.34 1998 −0.08 −0.36 0.72 2010 −0.13 −0.71 0.48
1987 0.12 1.08 0.28 1999 −0.17 −0.98 0.33 2011 −0.07 −0.27 0.79
1988 0.23 1.86 0.06 2000 −0.10 −0.48 0.63 2012 −0.06 −0.18 0.85
1989 −0.02 0.06 0.96 2001 −0.10 −0.51 0.61 2013 −0.03 0.03 0.98
1990 0.06 0.61 0.54 2002 −0.08 −0.31 0.76 2014 0.01 0.30 0.77
1991 0.08 0.77 0.44 2003 0.01 0.26 0.80 2015 0.07 0.70 0.48
1992 −0.06 −0.23 0.82 2004 −0.11 −0.57 0.57 2016 0.09 0.83 0.41
1993 0.03 0.44 0.66 2005 −0.10 −0.51 0.61 2017 0.03 0.43 0.67
1994 −0.01 0.15 0.88 2006 −0.10 −0.52 0.60 2018 0.02 0.37 0.71
1995 0.02 0.32 0.75 2007 −0.11 −0.57 0.57
1996 −0.04 −0.09 0.93 2008 −0.14 −0.75 0.45

4.3. Spatiotemporal Transfer
4.3.1. Interregional Transfer

In order to further analyze the spatiotemporal transfer characteristics of green inven-
tion patent applications, the cumulative number of green invention patent applications in
different time periods in the four regions is shown in Figure 5.
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As can be seen from Figure 5, green invention patent applications are mainly concen-
trated in the eastern region, followed by the central region, and less so in the western and
northeast regions. The details are as follows:

In the first stage (1985–1995), the number of green invention patent applications in the
eastern region accounted for 49% of the total number of applications in the four regions, and
the central, western and northeast regions accounted for 19%, 17% and 15%, respectively.

In the second stage (1996–2005), the proportion of green invention patent applications
in the eastern region further increased (up to 64%), and the proportion in the central,
western and northeast regions decreased to 14%, 12% and 10%, respectively.

During the third stage of the Eleventh Five Year Plan period (2006–2010), the propor-
tion of green invention patent applications in the eastern region reached the highest (71%),
and the proportion in the central, western and northeast regions decreased to 11%, 11%
and 7%, respectively.
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In the fourth stage, i.e., the 12th Five Year Plan period (2011–2015), the proportion of
central and western regions increased, especially the western region. Among them, the
proportion of the western region increased to 14%, and that of the central region increased
to 13%. The proportion of the eastern and northeast regions decreased.

During the first three years of the 13th Five Year Plan period (2016–2018), the pro-
portion of the central region increased significantly (reaching 18%), the western region
remained unchanged (14%), and the proportion of the eastern region and the northeast
region decreased to 64% and 4%, respectively.

To sum up, in the first, second and third stages, the proportion of green invention
patent applications in the east region continued to increase, and that in other regions
continued to decrease. The fourth and fifth stages showed the phenomenon of transfer
from the east to the central and west. The proportion of the central and west increased
while the proportion of the east and northeast decreased. To some extent, this is related
to the implementation of the western development strategy. With the implementation of
the overall planning and coordination policy of regional innovation, the green invention
patent applications levels of the central and western regions have improved.

4.3.2. Intra-Regional Transfer

In order to further analyze the temporal and spatial transfer characteristics of green
invention patent applications among provinces in the region, the cumulative number of
green invention patent applications in different time periods is drawn in Figure 6.

As can be seen from Figure 6, green invention patent applications in the eastern region
are mainly concentrated in Beijing, Guangdong, Jiangsu, Zhejiang, Shanghai and Shandong,
and less so in Tianjin, Fujian, Hebei and Hainan. At different stages, the agglomeration
provinces or cities are different. The province or city with the largest proportion showed
the transfer direction of Beijing→ Shanghai→ Guangdong→ Jiangsu. In the first stage
(1985–1995), Beijing accounted for the largest proportion (accounting for 33% of green
invention patent applications in the eastern region), followed by Shandong (12%) and
Jiangsu (12%). In the second stage (1996–2005), the proportions for Shanghai (15%) and
Guangdong (14%) increased, and the proportion for Shandong (9%) decreased. In the
third stage (2006–2010), the proportions for Guangdong (18%) and Jiangsu (18%) increased
and that of Beijing (23%) decreased. In the fourth stage (2011–2015), the proportion for
Jiangsu (25%) continued to increase, while those for Shanghai, Guangdong and Beijing all
decreased. In the fifth stage (2016–2018), the proportions for Zhejiang (12%) and Guangdong
(22%) increased, while those of Beijing, Jiangsu and Shanghai decreased.

Green invention patent applications in northeast China are mainly concentrated in
Liaoning (the fifth stage accounts for 56% of the green invention patent applications in
northeast China), followed by Heilongjiang (25%), and Jilin (19%). The phenomenon of spa-
tial transfer in this region is unobvious, and the proportion of provinces is relatively stable.

Green invention patent applications in the central region are mainly concentrated in
Anhui (the fifth stage accounts for 40% of the green invention patent applications in the
central region), Hubei (19%), Hunan (17%) and Henan (15%). The province or city with
the largest proportion in the five stages shows the direction of Hunan→ Hubei→ Anhui.
Among them, the application volume in Anhui increases the fastest, from 8% to 40% of
the application volume in the central region. The applications of Jiangxi and Shanxi in the
central region are small, and the applications in the fifth stage account for 5% and 4% of the
central region respectively. These two provinces can appropriately adjust green innovation
incentive policies to enhance their green innovation output.

Green invention patent applications in the western region are mainly concentrated in
Sichuan (accounting for 33% of green invention patent applications in the Western region
in the fifth stage), Guangxi (18%), Shaanxi (16%) and Chongqing (10%). Yunnan, which
accounted for a relatively high proportion in the first and second stages, decreased its
proportion after the third stage. The proportion of Chongqing increased significantly in the
third stage, from 9% in the second stage to 14% in the third stage. However, the proportions
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for Guizhou, Gansu, Xinjiang, Inner Mongolia, Ningxia, Qinghai and Tibet have been
relatively small.
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Overall, the number of green invention patent applications in the four regions has
also undergone spatial transfer. The innovation level of green invention patents in some
provinces in each region has been low. These provinces should appropriately adjust incen-
tive policies for green innovation and improve the level of green innovation. In addition,
we should promote the spillover effect of regions with high innovation levels and promote
balanced development of green innovation in all provinces or cities in the regions.

5. Conclusions

Using invention patent application data from 1985 to 2018, this study analyzed tem-
poral and spatial characteristics of green invention patent applications. The results show
that the development of green invention patent applications in China presents five stages:
slow development→ slow growth→ accelerating growth→ rapid growth→ booming.
The applications of green invention patents in the fields of energy conservation, alternative
energy production and waste management have always been in the lead, while the number
of green invention patent applications in transportation and nuclear power is relatively
low. These two categories need to be further strengthened. Green invention patent applica-
tions show a high level of geographical agglomeration in space. Green invention patent
applications are mainly concentrated in the eastern region, followed by the central region,
western and northeast regions. The differences among the four regions show a trend of first
expanding and then narrowing during the study period. The intra-regional differences are
the main source of spatial differences. The number of green invention patent applications
in the four regions also shifted spatially during the research period.

The temporal and spatial evolution of green invention patent applications is consistent
with green technology innovation policies implemented by the country and in various
regions at different stages. During the first two stages, innovation policies promoted
the development of scientific and technological innovation, but did not emphasize green
technology innovation. The growth of green invention patent applications was relatively
slow. From the third stage, China took the development of energy conservation, renewable



Information 2022, 13, 240 15 of 17

energy production, and waste management as key areas and priority themes of techno-
logical development. The green invention patent applications in Category 1 (alternative
energy production), Category 3 (energy conservation), and Category 4 (waste management)
increased rapidly. The differences among the four regions of the east, northeast, central and
west showed a narrowing trend from stage 3. This was related to the Eleventh Five Year Plan
for Western Development, introduced in 2006. Moreover, the variation in degree of provincial
governments’ emphases on green innovation also impacted on intra-regional differences.

From a theoretical perspective, the results of this study show the importance of pay-
ing attention to the different categories of green invention patent applications. Previous
studies [12,15,17,24] have not subdivided the categories of green innovation, or they only
analyzed one category of green innovation, such as renewable energy [5], solar energy [18]
and smart grid technology [26], making it difficult to thoroughly analyze the development
of the seven specific categories of green innovation. Future research on the impacts of
policies on green innovation needs to clearly identify the category of green innovation
and include more categories in any analysis. In addition, the spatial evolution charac-
teristics within a region have been revealed. Existing studies [22,25] mainly focused on
inter-regional differences, while neglecting intra-regional differences. Future studies on
innovation policies should emphasize intra-regional differences.

In view of the unbalanced development of green invention patent applications in
both categories and regions, the following innovation policy suggestions are put forward.
First, formulate policies to guide the development of green technology innovation in
transportation. In 2020, the general office of China’s State Council issued the development
plan for new energy vehicle industry (2021–2035), pointing out that the development of new
energy vehicles is a strategic measure to deal with climate change and promote green
development. It is necessary to promote the development of intelligent green logistics
systems and an efficient recycling system for batteries [41]. All provinces and regions
should formulate policies to support the innovation of green technology in transportation.

Second, in view of the unbalanced development of green invention patent applications
in various regions, we should further promote the demonstration and driving role of
regions with high innovation levels. In addition, regions with reduced innovation levels,
such as Beijing, Shandong, Guangdong and Shanghai, or regions with low innovation
levels, such as Hebei, Jiangxi, Shanxi, Guizhou and Gansu, could promote participation of
local enterprises in identification of enterprises promoting green technology innovation,
by formulating a green rating system, implementing fiscal and tax incentives, expanding
government green procurement and other policies. In 2019, the National Development and
Reform Commission and the Ministry of Science and Technology of China jointly issued the
guiding opinions on building a market-oriented green technology innovation system, pointing out
that by 2022, a market-oriented green technology innovation system should be built, and
a number of leading enterprises should be cultivated [3]. With the development of green
technology innovation enterprises, the level of green technology innovation in various
regions will continue to improve.

This study also has some limitations. First, we found that the development path of
green invention patent applications in five stages are consistent with the development of
innovation policies. However, we have not analyzed the impacts of policies and incentives
on patent applications through empirical research methods, such as the regression model
and index decomposition model. We can investigate this further in future studies. Second,
the data used in this study were green invention patent applications from the SIPO. Green
invention patent grants data or R and D expenditures data, which can also represent
innovative activity, were not analyzed. It would be interesting to compare findings using
such different data in future studies.
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