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Abstract: Breakthrough innovation and incremental innovation have different impacts on economic
development. For regional development, it is important to find a balance in dual innovation, which
entails effective coordination of allocating innovation resources and managing risks. However,
little attention has been given to the spatial relationship and differentiation mechanisms between
breakthrough innovation and incremental innovation. Therefore, our research takes China’s three
major urban agglomerations as examples, aiming to explore the spatial–temporal pattern evolution,
influencing factors, spatial relationship, and spatial organizational patterns of breakthrough innova-
tion and incremental innovation from 2000 to 2021. The research found that the spatial distribution
of urban dual innovation is affected by the law of distance decay, and the spatial distribution of
incremental innovation is more polycentric than that of breakthrough innovation. In terms of the
differentiation mechanism, breakthrough innovation is more affected by the innovation atmosphere,
while incremental innovation is more likely to be affected by the economic foundation and built envi-
ronment. Our research effectively supplements the shortcomings in the spatial relationship research
of breakthrough innovation and incremental innovation and provides references for formulating
innovation policies.

Keywords: dual innovation; breakthrough innovation; incremental innovation; patent; China

1. Introduction

Innovation is a crucial driving force for economic development and a significant
reflection of regional competitiveness [1,2]. Innovation is the introduction of new produc-
tion factors and new production conditions into the original production system, which
is a process of creative destruction [3]. In modern economies, the returns from products
based on large-scale, standardized production gradually diminish over time, compelling
producers to innovate in pursuit of higher profits [4,5]. Despite becoming the world’s
second-largest economy, the value-added from China’s industrial activities remains rela-
tively low, with certain industries still positioned in the mid-to-low levels of the Global
Value Chain (GVC) [6–8]. To enhance its competitiveness in the global economy, China
officially introduced the strategy of innovation-driven development as early as 2006 (Na-
tional Medium and Long–term Plan for Science and Technology Development (2006–2020)). In the
context of policy documents in China, innovation is defined as the primary driving force
for economic development. Therefore, what are the evolving characteristics of China’s
innovation activities? How do the mechanisms of formation differ among various types of
innovation? Addressing these questions helps us to understand the mechanisms behind
innovation activities and provides insights into China’s innovation-driven economy.
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Innovation exhibits spatial characteristics, and the spatial distribution and organiza-
tion of innovation activities have long been the focus of multidisciplinary research in geog-
raphy, management, and economics [9]. Previous studies have concentrated on topics such
as innovation factors [10,11], knowledge spillovers [12–14], innovation networks [15,16],
and innovation systems [17,18]. These studies have conducted in-depth discussions on the
flow and clustering of innovation factors [19–21], the causes of unequal agglomeration of
innovative activities [22–24], innovation networks and evolutionary mechanisms [25–27],
the construction of innovation systems, and innovation governance [28–30].

In most existing studies, innovation is often seen as a uniform activity, with little
discussion on the diversity of innovation activities themselves. However, Schumpeter J
pointed out the inherent unevenness of innovation, emphasizing that varying degrees of its
impact can significantly influence economic cycles over long-, medium-, and short-term
periods [3,31]. Based on the differences in innovation impact, researchers have proposed
the concept of dual innovation, categorizing innovation into two types: breakthrough
innovation and incremental innovation [32–34]. Breakthrough innovation has a profound
impact on existing technology domains by deviating from conventional paths and devel-
opment trends [35,36]. These changes frequently result in the obsolescence of established
technologies and products. In contrast, incremental innovation refers to innovations that
involve adjustments, improvements, and upgrades based on existing technological con-
tent [37–39]. Their focus lies in refining and updating existing technologies and products.
There are several distinctions between these two types of innovation. Firstly, concern-
ing risk and reward, breakthrough innovation is characterized by higher risks, greater
investment, and potentially higher returns compared to incremental innovation. Secondly,
there is a significant difference in scale, incremental innovation involves lower costs, faster
development, and operates on a larger scale within its domain compared to breakthrough
innovation. Thirdly, their focuses and goals diverge: breakthrough innovation aims to
profoundly disrupt existing technologies to capture future markets with new technologies
and products, while incremental innovation primarily aims to reduce the production costs
of existing products [40–43].

However, a few studies have also focused on the differences between breakthrough
innovation and incremental innovation, e.g., Esposito C’s exploration of the geographical
patterns of breakthrough innovation in the U.S. since the 20th century. The findings reveal
that despite undergoing three shifts in location, breakthrough innovations in the U.S. tend to
congregate predominantly in densely populated and knowledge-intensive metropolitans [44].
Enrico B et al. conducted a study utilizing U.S. patent data to delve into the geography of
unconventional inventions. Their findings are that inventions characterized by unconventional
inventions are predominantly concentrated in high-density urban centers, whereas specialized
clusters of such inventions emerge in lower-density urban areas [45]. Ren C et al. use China’s
biomedical industry as an example to analyze the differentiation mechanisms of buzz and
pipeline in driving dual innovation. The study found that both local buzz and global pipeline
have positive impacts on incremental innovation while exhibiting an inverted U-shaped
effect on breakthrough innovation [46]. These studies provide an in-depth examination of
the long-term spatiotemporal evolution of breakthrough innovation, initially focusing on the
distinctions between breakthrough innovation and incremental innovation. Nevertheless,
there is a limited discussion on the spatial relationship and differentiation mechanisms
between breakthrough innovation and incremental innovation.

However, dual innovation plays different roles in regional economic growth. Break-
through innovation helps regions reduce the risk of path dependence and provides a new
window of opportunity for regional development [47,48]. On the other hand, incremental
innovation contributes to the stable development of the regional economy [33,43]. Our
research argues that for regional development, it is not the best strategy to simply pursue a
certain type of innovation. On the contrary, the key lies in achieving a balance between
breakthrough innovation and incremental innovation, which helps to allocate innovation
resources more rationally and manage risks effectively. Clarifying the relationship between
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these two types of innovation in terms of spatial layout and their inherent differences in
mechanisms is crucial for revealing the formation mechanism of the dual innovation model.
This insight is essential for guiding the strategic formulation of regional innovation policies.

Our research focuses on the similarities and differences between breakthrough inno-
vation and incremental innovation, using China’s three major urban agglomerations as
examples. Analyzing a dataset of 2.6954 million authorized patents from 2000 to 2021,
we investigate how these innovations evolve and what factors influence their evolution.
Based on this, we analyzed the spatial relationship between breakthrough innovation and
incremental innovation, summarizing their spatial organizational patterns.

This study aims to address three core questions: Firstly, are there differences in the
spatial evolution patterns between breakthrough and incremental innovations? Secondly,
what factors influence the spatial evolution patterns of these two types of innovations?
Third, what are the spatial organizational patterns of dual innovations in cities, and how
do these patterns differ from each other?

This paper is structured as follows: Section 2 introduces the research area, dataset,
and research methods. Section 3 presents the results and analysis, including evolutionary
characteristics of the spatial–temporal patterns of dual innovation, influencing factors, the
spatial relationship between breakthrough innovation and incremental innovation, and
organizational patterns of dual innovations. Section 4 discusses the contributions and
limitations of this study. Section 5 provides the research conclusions.

2. Materials and Methods
2.1. Study Areas

The Beijing–Tianjin–Hebei Urban Agglomeration (BTHUA), Yangtze River Delta Ur-
ban Agglomeration (YRDUA), and Pearl River Delta Urban Agglomeration (PRDUA) are
the three urban agglomerations with the highest level of economic development in China
(Figure 1). According to data from the China Statistical Yearbook, in 2021, the technology
market turnover of three urban agglomerations accounted for 66.17% of the whole nation.
Specifically, BTHUA reached CNY 5.34 trillion (30.18%), YRDUA reached CNY 3.42 trillion
(19.33%), and PRDUA reached CNY 2.95 trillion (16.66%). This indicates that three major
urban agglomerations hold an absolute leading position in China’s innovation economy
and serve as typical case studies for studying dual innovation in China.
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2.2. Data Sources and Processing

Patents are commonly used data for studying innovation. In China, patents are cate-
gorized into authorized inventions, utility models, and designs, among which authorized
inventions have the strongest innovative attributes. Therefore, our research used autho-
rized invention patent data to characterize urban innovation activities. The data were
sourced from the database of the China National Intellectual Property Administration as
indexed in PatSnap (www.patsnap.com, accessed on December 2023).

Given the minimum 18-month delay between patent application and publication
in China, the research in this study covers data up to 31 December 2021, based on data
acquired in December 2023. The patent search criteria are as follows: Firstly, the patent type
is authorized invention patents. Secondly, the address of the patent applicant is located
within the study areas (BTHUA, YRDUA, or PRDUA). Thirdly, the patent application
date is between 1 January 2000 and 31 December 2021. Taking Beijing as an example, the
patent data search formula is as follows: APD: [20000101 TO 20211231] AND AN_ADD:
(Beijing). After that, our research obtained a total of 2.6954 million patent records, including
772,900 records from the Beijing–Tianjin–Hebei Urban Agglomeration, 1,225,900 records
from the Yangtze River Delta Urban Agglomeration, and 696,600 records from the Pearl
River Delta Urban Agglomeration.

The processing steps for patent data are as follows:

• Defining the study periods: Based on the trend in patent application data over the
years, this paper divides the study into four periods: 2000–2005, 2006–2010, 2011–2015,
and 2016–2021.

• Cleaning patent data: Removing irrelevant data and extracting patent applicant
addresses.

• Geocoding: Using Python, invoking the Amap Auto (www.amap.com, accessed on
December 2023) API to geocode patent applicant addresses and obtain latitude and
longitude coordinates.

This article’s statistical data are sourced from the China National Bureau of Statistics.
Missing data points are supplemented through methods such as spatial interpolation and
trend extrapolation.

2.3. Methods
2.3.1. Kernel Density

Kernel density is a commonly used method to describe the spatial distribution density
of point data [49,50]. This paper intends to use this method to describe the evolutionary
process of spatial patterns of breakthrough innovation and incremental innovation from
2000 to 2021. The formula is as follows:

D(s) = ∑n
i=1

1
r2 k

(
s − ci

r

)
, (1)

In Equation (1), D(s) represents the kernel density value of point features at position s,
r denotes the search radius, ci is a core point feature in a kernel density analysis, k signifies
the spatial weighting function of kernel density, and n represents the number of patents in
the s position whose distance from the core element ci is less than or equal to the search
radius r.

2.3.2. Multi-Ring Buffer

Multi-Ring Buffer is a commonly used neighborhood analysis method, which can
analyze the spatial proximity of types of point data [51,52]. Our research uses this method
to explore the spatial relationship between breakthrough innovation and incremental
innovation. This study was conducted using ArcGIS10.8 software. Firstly, based on the
point layer representing breakthrough innovation patents, multiple buffers were set with
unit radii of 0.1 km, 0.5 km, 1 km, 2 km, 3 km, and 5 km, respectively, generating six

www.patsnap.com
www.amap.com
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polygon layers with geospatial attributes. Subsequently, we utilized the Spatial Joins tool
to sequentially count the number of incremental innovation patents contained within each
of the six buffer polygons.

2.3.3. Model

(1) Dependent variable

The dependent variable of our research is the number of patents related to break-
through innovation and incremental innovation. Based on existing research, the characteri-
zation methods for breakthrough innovation and incremental innovation mainly include
the following two categories.

The first type involves using IPC classification codes of patents to identify atypical
combinations of IPC codes. Relevant studies suggest that innovations formed by atypical
knowledge combinations are novel and creative. Patents characterized by such unconven-
tional combinations are defined as breakthrough innovations [35,53]. However, a limitation
of this method is its ability to only identify non-typical or unconventional combinations,
failing to indicate whether these innovations will significantly influence subsequent devel-
opments. This is because new knowledge combinations may sometimes be meaningless.

The second type involves characterizing and distinguishing patents through their cita-
tion data. These studies posit that an important innovation should significantly influence
subsequent inventions. Therefore, the more frequently a patent is cited, the more significant
it is considered [47,54]. However, a drawback of this method is that the number of citations
a patent receives can be influenced by its publication date. For instance, patents published
in 2005 might have higher citation rates compared to those published in 2021 if data are
collected in 2023.

Based on a comprehensive comparison of the advantages and disadvantages of the
two methods, this paper argues that breakthrough innovation is an activity that signifi-
cantly influences subsequent innovations. The more frequently a patent is cited, the more
significant its importance is considered. Therefore, the second method was chosen for
this study, drawing on previous research methods. Patents within the top 5% in terms of
citation count are defined as breakthrough innovations [55–57]. Simultaneously, to address
the issue of cross-sectional differences in citation probabilities between different years, this
paper identifies patents within the top 5% of citation counts for each year. For example,
breakthrough innovations in 2005 are patents from that year that rank within the top 5% of
all patents in terms of citation counts for 2005, while others are categorized as incremental
innovations. Based on this method, dual innovation in the BTHUA, YRDUA, and PRDUA
is identified over each study period, as depicted in Figure 2.
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Innovation is closely tied to economic development [23,24,58,59]. Our research aims to
clarify the relationship between innovative activities and regional characteristics through
the selection of relevant factors. Drawing on previous studies [60–62], we developed a factor
system encompassing three dimensions—economic foundation, innovation atmosphere,
and built environment (Table 1)—to analyze the influencing factors of dual innovation.

Table 1. Urban dual innovation impact factor index system.

Dimensions Impact Factors Code Evaluation Index/Unit

Economic foundation

Economic size GDP GDP (in billion CNY)
Economic development level PGDP Per capita GDP (in CNY)

Industrialization level IndL Industrialization rate (%)
Resident income ResI The average wage of employed staff (in CNY)

Innovation atmosphere

Innovation elements InnovE Number of industrial enterprises (units)

Government support GovS Public financial expenditure on scientific and
technological activities (in ten thousand CNY)

Internationalization level IntL Actual utilization of foreign capital (in ten
thousand USD)

Collaborative innovation CollabI Number of cooperative patents (units)

Built environment

Infrastructure Infra Per capita urban road area
(
m2 )

Ecological environment EcoE Green coverage rate of built-up areas (%)
Cultural services CultS Number of library books per 100 people (pieces)
Public services PubS Number of hospital beds (units)

The first dimension is the economic foundation, which reflects the stage and level of
urban economic development, including economic scale, industrial structure, and other
aspects. Innovation, particularly breakthrough innovation, involves creative activities with
inherent risks [35,36]. A strong economic foundation can provide support and security for
the occurrence of innovation activities [63,64]. In our research, four factors—economic size
(GDP), economic development level (per capita GDP), industrialization level (industrializa-
tion rate), and resident income (average wage of employees)—are used to characterize the
economic foundation.

• Economic Size (GDP): GDP reflects a city’s overall economic strength and market size.
Typically, areas with larger economic outputs are more likely to foster innovation.

• Economic Development Level (per capita GDP): Per capita GDP denotes the level and
stage of economic development. Regions with higher per capita GDP are generally
more conducive to innovation.

• Industrialization Level (industrialization rate): The level of industrialization represents
a region’s industrial base and manufacturing production capacity. On the one hand, a
high level of industrialization can provide a material basis and technological platform
for technological innovation. On the other hand, an excessively high industrial ratio
may imply a reduction in the proportion of the tertiary sector, and innovation is more
likely to occur in areas with a developed modern service industry rather than in a
purely industrial city.

• Resident Income (the average wage of employed staff): Income levels influence pur-
chasing power. Higher average wages boost demand for innovative products and
services and increase societal investment in innovation, thus impacting urban innova-
tion development.

The second dimension is the innovation atmosphere, referring to the cultural and
social environment of urban innovation activities, including the richness of innovation
elements, the extent of policy support, the atmosphere for collaborative innovation, and
the degree of openness. Previous studies have pointed out that an open and inclusive envi-
ronment is conducive to the occurrence of innovation activities [46,64,65]. Therefore, this
article primarily characterizes the innovation atmosphere through four factors: innovation



Land 2024, 13, 1399 7 of 22

elements (number of industrial enterprises), government support (public financial expendi-
ture on scientific and technological activities), internationalization level (actual utilization
of foreign capital), and collaboration innovation (number of cooperative patents).

• Innovation Elements (number of industrial enterprises): A greater number of industrial
enterprises may imply a richer pool of innovation resources and a more diverse range
of technological demands, thereby influencing the occurrence and agglomeration
of innovation.

• Government support (public financial expenditure on scientific and technological
activities): Government support is crucial for the occurrence and agglomeration
of innovative activities. It provides strong financial guarantees for research and
development through funding support and tax incentives, effectively promoting
urban innovation.

• Internationalization Level (actual utilization of foreign capital): Foreign direct invest-
ment not only brings in foreign capital but also advanced technology and management
experience from foreign enterprises. On the one hand, this may promote urban inno-
vation through knowledge spillover effects. On the other hand, it may also affect the
development of urban innovation by capturing local enterprises’ market share and
innovation resources due to the protection of core knowledge by foreign enterprises.

• Collaborative Innovation (number of cooperative patents): Innovation cooperation
can promote the exchange of knowledge and technology, thereby influencing the
development of urban innovation.

The third dimension is the built environment. Innovation activities are localized
and must be supported by specific spaces. The built environment of a city refers to urban
infrastructure, public services, etc., which significantly influence the clustering of innovative
talents and enterprises [60,66]. Therefore, this study employs infrastructure (per capita
urban road area), ecological environment (green coverage rate of built-up areas), cultural
services (number of library books per 100 people), and public services (number of hospital
beds) to characterize the built environment.

• Infrastructure (per capita urban road area): Per capita urban road area is an important
indicator of urban infrastructure level. It directly affects the efficiency of logistics and
the smoothness of economic activities, thereby providing the necessary material basis
and transportation support for innovative activities.

• Ecological Environment (green coverage rate of built-up areas): The green coverage
rate of built-up areas is an important indicator reflecting the quality of the ecological en-
vironment. A good ecological environment can attract the agglomeration of innovative
talents, which in turn affects the layout of innovative enterprises and elements, provid-
ing a favorable environmental foundation for the emergence of innovative activities.

• Cultural Services (number of library books per 100 people): The number of books
in public libraries is an indicator of the level of cultural resources and services in a
region. Innovative activities are more likely to occur in regions with a diverse and
open cultural atmosphere.

• Public Services (number of hospital beds): The number of hospital beds is an important
reflection of urban public service facilities and social security. A good level of public
services and a social security system can effectively promote the agglomeration of
innovative talents, thereby influencing urban innovation.

Furthermore, to explore whether the above factors can explain the dependent variables
(breakthrough innovation and incremental innovation), our research uses the Geographical
Detector Method (GDM) to characterize the extent to which the selected 12 indicators can
explain the spatial differentiation of dual innovation [67,68]. Based on this analysis, factors
showing significant influence will be selected for regression analysis. The formula for GDM
is as follows:

q = 1 −
L

∑
h=1

Nh∂2
h/N∂2, (2)
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In Formula (2), q refers to the extent to which a certain independent variable X can
explain the spatial differentiation of dependent variable Y. L represents the stratification or
zoning of Y and X, where Nh and N are the number of units of Y in stratum h and the entire
area, respectively (h = 1, . . .). The range of q is [0, 1]. ∂ and ∂2 denote the variance of Y in
stratum h and the entire area, respectively. According to the principles of GDM, a larger q
indicates a stronger explanatory power of the independent variable X on Y, and vice versa.

The calculation results of q-values (Table 2) indicate that the overall significance level
of the indicator system is strong. Only two factors, which are the number of industrial
enterprises and per capita urban road area show insignificant effects on both breakthrough
innovation and incremental innovation. Therefore, these two indicators are excluded,
and the remaining 10 indicators are used to construct a spatiotemporal panel dataset for
regression analysis.

Table 2. The q-value results of urban dual innovation based on GDW.

Type of Innovation Impact Factors 2000–2005 2006–2010 2011–2015 2016–2021

Breakthrough innovation

GDP 0.840 *** 0.721 *** 0.639 *** 0.664 ***
PGDP 0.310 *** Not Sig. 0.205 *** 0.287 ***
IndL 0.351 *** 0.881 *** 0.909 *** 0.519 ***
ResI 0.368 *** 0.918 *** 0.605 *** 0.685 ***

InnovE 0.660 *** 0.724 *** 0.627 *** 0.627 ***
GovS Not Sig. Not Sig. Not Sig. Not Sig.
IntL 0.286 *** 0.523 *** 0.923 *** 0.718 ***

CollabI 0.989 *** 0.992 *** 0.979 *** 0.695 ***
Infra Not Sig. Not Sig. Not Sig. Not Sig.
EcoE Not Sig. 0.880 *** 0.427 *** Not Sig.
CultS 0.892 *** 0.509 *** 0.415 *** Not Sig.
PubS 0.806 *** 0.689 *** Not Sig. 0.511 ***

Incremental innovation

GDP 0.628 *** 0.757 *** 0.657 *** 0.705 ***
PGDP 0.341 *** Not Sig. 0.180 *** 0.436 ***
IndL Not Sig. 0.761 *** 0.945 *** Not Sig.
ResI 0.422 *** 0.819 *** 0.641 *** 0.819 ***

InnovE 0.626 *** 0.810 *** 0.647 *** 0.714 ***
GovS Not Sig. Not Sig. Not Sig. 0.353 ***
IntL 0.334 *** 0.502 *** 0.960 *** 0.584 ***

CollabI 0.989 *** 0.993 *** 0.992 *** Not Sig.
Infra Not Sig. Not Sig. Not Sig. 0.307 ***
EcoE Not Sig. 0.772 *** 0.448 *** Not Sig.
CultS 0.994 *** 0.598 *** 0.425 *** 0.463 ***
PubS 0.559 *** 0.696 *** Not Sig. 0.402 ***

Note: *** indicate significance at the 1‰ levels.

(3) Panel data model

Referring to related research [69,70], we intend to use a panel data model to study the
impact of different independent variables on the spatial pattern of urban dual innovation
from 2000 to 2021. The equation of the panel data model is as follows:

innoit = α + β1x1it + β2x2it + β3x3it + . . . . . . + βnxnit + εit, (3)

In Equation (3), innoit represents the level of breakthrough innovation or incremental
innovation, xnit denotes the impact factors, and εit is the standard error term following a
normal distribution. To mitigate the impact of heteroscedasticity on regression results, we
conducted a regression analysis after taking the natural logarithm of both the dependent
variables and independent variables. The regression analysis includes the following steps:

Step 1: Establish panel datasets for breakthrough innovation and incremental innova-
tion. This dataset encompasses four study periods (2000–2005, 2006–2010, 2011–2015, and
2016–2021), and establishes eight panel datasets.
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Step 2: Conduct panel data tests. Utilizing Stata16 software, we performed unit
root tests and ADF tests to examine the stationarity and cointegration of the eight panel
datasets (Table 3). The results of the unit root LCC test indicate that all ten independent
variable indicators are first-order integrated, meaning no unit roots exist, thereby passing
the stationarity test. The ADF test results for cointegration consistently reject the null
hypothesis at the 5% significance level, confirming that the panel data are cointegrated and
passing the cointegration test.

Table 3. Panel data test results of p-values.

Panel Code ADF E-G Hausman Test

P1 0.0801 * 0.0488 ** 0.0176 **
P2 0.0552 * 0.0777 * 0.0004 ***
P3 0.0017 *** 0.0663 * 0.0263 **
P4 0.0867 * 0.0424 ** 0.0002 ***
P5 0.0038 *** 0.0305 ** 0.0024 ***
P6 0.0141 ** 0.0956 * 0.0974 *
P7 0.0377 ** 0.0232 ** 0.0352 **
P8 0.0284 ** 0.0816 * 0.0646 *

Note: *, **, and ***, respectively, indicate significance at the 1%, 5‰, and 1‰ levels.

Step 3: Select an appropriate regression model. Panel data regression primarily encom-
passes the Fixed Effects Model (FE), Random Effects Model (RE), and Pooled Regression
Model (PR). The Hausman test results for the two panel datasets in this study reject the
null hypothesis at the 5% significance level, indicating that the Fixed Effects Model (FE)
should be chosen for the regression analysis.

The Fixed Effects Model (FE) can compute Individual Fixed Effects, Time Fixed Effects,
as well as Both Time and Individual Fixed Effects. In our research, to delve into the impacts
of diverse factors on dual innovation across various cities and how these effects evolve
across four periods, we employed both Individual Fixed Effects and Time Fixed Effects
regressions. Thus, the equation used in our analysis is structured as follows:

innoit = β0 + β1x1it + β2x2it + . . . + βnxnit + µi + eit, (4)

In Equation (4), innoit serves as the dependent variables, representing the number
of breakthrough innovations and incremental innovations. x1it, x2it, and xnit denote the
10 independent variables ultimately selected for our research, with β1, β2, and βn being
their respective regression coefficients. I represents the number of research units, which in
our research corresponds to 48 cities; t indicates the total number of observation periods
for each cross-sectional sample spanning from 2000 to 2021 (specifically divided into 4 time
periods); µi represents the Individual/Time Fixed Effects; and eit is the random error term.

3. Results and Analysis
3.1. Evolution of Urban Dual Innovation in Three Urban Agglomerations
3.1.1. Beijing–Tianjin–Hebei Urban Agglomeration

The kernel density analysis results of dual innovation in the Beijing–Tianjin–Hebei
Urban Agglomeration from 2000 to 2021 (Figure 3) show the following characteristics:

Firstly, from the overall evolution of the spatial patterns of dual innovation, break-
through innovation mainly centers around Beijing as the primary core and Tianjin as a
secondary core, forming a dual-center pattern in the Beijing–Tianjin–Hebei Urban Agglom-
eration. Incremental innovation primarily forms a multi-center pattern centered around
cities such as Beijing, Tianjin, Shijiazhuang, Baoding, and Qinhuangdao.

Secondly, concerning the evolution of the agglomeration degree of dual innovation,
both breakthrough innovation and incremental innovation exhibit characteristics of cen-
tripetal concentration, but their degrees of concentration differ. The highest concentration
densities of breakthrough innovation in the four periods are 16.92, 45.41, 77.26, and 137.96,
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with an average growth rate of 49.32%. The highest concentration densities of incremental
innovation in the four periods are 261.47, 769.02, 1382.22, and 1848.78, with an average
growth rate of 45.20%. The centripetal concentration of breakthrough innovation is higher
than that of incremental innovation.
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Thirdly, regarding the main distribution areas of dual innovation, the primary core
aggregation areas of breakthrough innovation include Beijing (76.01%) and Tianjin (11.61%).
The primary core aggregation areas of incremental innovation include Beijing (81.62%),
Tianjin (10.13%), and Shijiazhuang (2.45%). Moreover, during the evolution process, the
number of patents in these core regions shows a stable growth trend.

3.1.2. Yangtze River Delta Urban Agglomeration

According to the results of the kernel density model (Figure 4), the evolution of
dual innovation patterns in the Yangtze River Delta Urban Agglomeration exhibits the
following characteristics:

Firstly, regarding the overall evolution of the spatial patterns of dual innovation in the
urban agglomeration, the spatial pattern of breakthrough innovation shows a multi-center
distribution, while incremental innovation demonstrates a distinct corridor effect. It forms
a “Z”-shaped spatial distribution pattern centered on Shanghai, encompassing two inno-
vation corridors: “Shanghai–Suzhou–Wuxi–Zhenjiang–Nanjing–Hefei” and “Shanghai–
Jiaxing–Hangzhou–Ningbo”.
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Secondly, in terms of the spatial concentration degree of dual innovation, over the
four study periods, the highest concentration densities of breakthrough innovation are 4.95,
13.06, 24.07, and 28.40, with an average growth rate of 41.03%. The highest concentration
densities of incremental innovation are 92.68, 232.06, 469.88, and 495.78, with an average
growth rate of 38.63%. Generally, the centripetal concentration growth rate of breakthrough
innovation exceeds that of incremental innovation, notably so during the periods from 2006
to 2010 and 2011 to 2015.

Thirdly, regarding the main distribution areas of dual innovation, the primary core ag-
gregation areas of breakthrough innovation include Shanghai (21.81%), Hangzhou (13.63%),
Nanjing (13.11%), and Suzhou (9.21%). The primary core aggregation areas of incremental
innovation include Shanghai (26.02%), Hangzhou (12.35%), Nanjing (11.80%), and Suzhou
(9.93%). Remarkably, these four core innovation hubs exhibit a comparable proportion of
participation in both breakthrough innovation and incremental innovation.

3.1.3. Pearl River Delta Urban Agglomeration

The kernel density results of dual innovation in the Pearl River Delta Urban Agglom-
eration exhibit distinct characteristics (Figure 5).

Firstly, concerning the overall evolution of the spatial patterns of dual innovation in
the urban agglomeration, the spatial pattern of breakthrough innovation initially shows a
dual-center structure composed of Guangzhou and Shenzhen, gradually evolving into a
multi-core pattern incorporating Guangzhou, Shenzhen, and Dongguan. Meanwhile, the
spatial pattern of incremental innovation transitions from a dual-center structure formed
by Guangzhou and Shenzhen to a dual-cluster pattern formed by “Guangzhou–Foshan”
and “Shenzhen–Dongguan”.
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Secondly, regarding the spatial concentration degree of dual innovation activities, over
the four study periods, the highest concentration densities of breakthrough innovation
are 14.32, 71.53, 76.91, and 121.29, with an average growth rate of 41.19%. The highest
concentration densities of incremental innovation are 426.16, 1965.84, 2302.43, and 3001.70,
with an average growth rate of 38.75%. This indicates that breakthrough innovation shows
a stronger centripetal trend than incremental innovation during the study periods, notably
experiencing the most significant growth rates during the periods 2006–2010 and 2016–2021.

Finally, concerning the main distribution areas of dual innovation, the primary core
aggregation areas of breakthrough innovation include Shenzhen (40.77%), Guangzhou
(32.44%), Dongguan (8.33%), and Foshan (8.04%). The core aggregation areas of incremental
innovation include Shenzhen (49.23%), Guangzhou (21.98%), Dongguan (10.43%), and
Foshan (7.54%). It can be observed that Shenzhen and Guangzhou are the most crucial
innovation centers in the Pearl River Delta Urban Agglomeration, while Dongguan and
Foshan serve as secondary centers.

In summary, the spatial evolution characteristics of dual innovation in the three major
urban agglomerations primarily exhibit the following features: Firstly, from the perspective
of the spatial distribution trends of the two types of innovation, breakthrough innovation
is distributed with both lower breadth and density within urban agglomerations compared
to incremental innovations. Breakthrough innovation is primarily concentrated in the
central urban areas of core cities, while incremental innovations have a relatively wider
geographical distribution. This is related to the innovation foundation and environment
of cities, as breakthrough innovation activities tend to be concentrated in regions with
superior economic conditions. Secondly, regarding the spatial structural evolution in dif-
ferent cities, the spatial patterns of incremental innovation consistently demonstrate a
stronger tendency towards multi-center distribution than those of breakthrough innova-
tion. Thirdly, concerning the spatial relationship between breakthrough innovation and
incremental innovation, they share a common origin and exhibit strong spatial correlations.
For instance, in the Yangtze River Delta Urban Agglomeration, incremental innovation
displays a distinct “Z”-shaped corridor effect, with the aggregation centers of breakthrough
innovation distributed at critical nodes along this innovation corridor.
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3.2. The Impact Factors of Urban Dual Innovation Evolution
3.2.1. Analysis of Individual Fixed Effects Regression Results

The results from Individual Fixed Effects regression models on dual innovation across
different cities (Table 4) reveal the following insights:

Table 4. Individual Fixed Effects regression results.

Impact Factors Breakthrough Innovation Incremental Innovation
RC Top 3 Positive Effects RC Top 3 Positive Effects

GDP 1.271 *** Beijing, Chizhou, Shenzhen 2.817 ** Qinhuangdao, Xuzhou, Jiaxing
PCGDP 1.284 ** Beijing, Shenzhen, Shanghai 3.094 ** Beijing, Shanghai, Shenzhen

IndL −4.921 *** Shenzhen, Foshan, Suzhou −7.776 ** Foshan, Shenzhen, Suzhou
ResI −4.921 Shenzhen, Foshan, Suzhou 1.287 * Beijing, Shenzhen, Shanghai
GovS 0.396 *** Beijing, Shenzhen, Guangzhou 0.879 *** Shenzhen, Nanjing, Beijing
IntL 0.513 ** Beijing, Shenzhen, Shanghai 1.317 ** Taizhou, Taizhou, Xingtai

CollabI 0.437 *** Beijing, Shenzhen, Shanghai 0.554 *** Shanghai, Shenzhen, Nanjing
EcoE 1.780 * Beijing, Shenzhen, Shanghai 4.721 ** Shenzhen, Shanghai, Beijing
CultS 1.366 ** Beijing, Baoding, Hengshui 3.142 * Baoding, Xuzhou, Hengshui
PubS 0.273 * Beijing, Shenzhen, Shanghai 0.480 ** Shenzhen, Beijing, Shanghai

Note: *, **, and ***, respectively, indicate significance at the 1%, 5‰, and 1‰ levels.

Firstly, concerning breakthrough innovation, for cities with strong innovation capa-
bilities such as Beijing, Shanghai, Shenzhen, Guangzhou, and Hangzhou, the influences
of industrialization level and resident income are negative, while the remaining eight
indicators show positive impacts. In contrast, cities with fewer instances of breakthrough
innovation experience varying degrees of negative impacts from economic development
level, government support, internationalization level, and collaborative innovation.

Secondly, for incremental innovation, the impact of the industrialization level is
negative, while the other nine factors exhibit positive influences, albeit with significant
variations across cities. Compared to large cities with strong innovation capabilities like
Beijing, Shanghai, and Shenzhen, indicators related to economic foundation and the built
environment have a more pronounced impact on innovation in small- to medium-sized
cities with moderate innovation capabilities, such as Chizhou (3.41), Tongling (2.76), and
Zhoushan (2.51). These factors are particularly influential, suggesting that they may play a
key role in driving incremental innovation in these regions.

Finally, these indicators can be classified into three categories based on their impact
on dual innovation across cities. The first category comprises indicators that significantly
enhance both breakthrough innovation and incremental innovation, such as economic
development level, resident income, government support, ecological environment, and
public services. The greater these indicators’ values, the stronger their influence on dual
innovation. The second category includes indicators that either have insignificant impacts
or negative effects on urban dual innovation, such as economic size, internationalization
level, and cultural services. The third category encompasses factors that demonstrate
varied impacts across cities, such as industrialization level and collaborative innovation.
For example, the industrialization level notably stimulates incremental innovation in cities
with robust industrial bases like Foshan (4.00), Shenzhen (3.42), and Suzhou (3.22), whereas
collaborative innovation plays a critical role in the output of incremental innovation.

3.2.2. Analysis of Time Fixed Effects Regression Results

Our research uses the Time Fixed Effects regression model to reveal the impact effects
of various indicators on breakthrough innovation and incremental innovation across four
time periods: 2000–2005, 2006–2010, 2011–2015, and 2016–2021 (Table 5). The results are
as follows:
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Table 5. Time Fixed Effects regression results.

Impact Factors Breakthrough Innovation Incremental Innovation
2000–2005 2006–2010 2011–2015 2016–2021 2000–2005 2006–2010 2011–2015 2016–2021

GDP 1.675 1.845 1.730 1.660 0.750 1.294 1.472 1.453
PCGDP 2.456 3.004 2.913 3.533 0.945 1.797 2.410 1.980

IndL −0.007 −2.581 −3.904 0.087 −1.578 −3.611 −3.678 −2.752
ResI 4.532 7.509 0.137 6.748 1.901 5.231 6.484 5.392
GovS 1.115 1.038 1.069 1.279 0.552 0.687 0.927 0.962
IntL 0.935 0.944 0.809 0.859 0.364 0.655 0.707 0.734

CollabI 0.991 0.994 1.005 0.204 0.466 0.630 0.877 0.711
EcoE 0.836 3.774 4.673 3.783 0.362 1.868 4.048 0.219
CultS 1.727 1.543 1.294 1.932 0.862 1.067 1.158 1.234
PubS 1.858 1.747 0.236 1.330 0.990 1.361 0.182 1.540

Note: The above regression results are significant at the 1‰ level.

Firstly, regarding the impact of factors on breakthrough innovation, in the economic
foundation dimension, economic volume, development level, and resident income signifi-
cantly influence breakthrough innovation throughout all four research periods. Conversely,
industrialization level shows a negative impact in the first three periods (−0.01, −2.58,
and −3.90) but exhibits a slight positive effect after 2016 (0.09). Within the innovation
dimension, policy support (1.15, 1.04, 1.07, and 1.28) demonstrates the strongest positive
effect, with its influence increasing over time. Meanwhile, the positive effects of interna-
tionalization level and collaborative innovation are diminishing. In the built environment
dimension, the ecological environment’s impact effect has accelerated since 2005, becoming
a crucial factor in breakthrough innovation.

Secondly, concerning the impact of factors on incremental innovation, the average
regression coefficients across the four periods show that resident income (4.73), ecological
environment (3.27), and economic development level (2.98) are the top three factors with
significant positive impact effects. These factors have regression coefficients for incremental
innovation efficiency greater than 1, suggesting that a 1% increase in these factors leads
to more than a 1% increase in efficiency in incremental innovation. In the economic
foundation dimension, factors such as economic size, economic development level, and
resident income all have a significant positive effect on incremental innovation. In contrast,
the industrialization level factor has a negative impact on innovation. However, over time,
this negative impact has been showing a gradual weakening trend. In terms of innovation
atmosphere dimensions, government support (0.782) and collaborative innovation (0.671)
exhibit the most substantial average impact effects.

Finally, considering the differences in the effects of various factors on breakthrough
innovation and incremental innovation across the four study periods, to begin with, both
breakthrough innovation and incremental innovation are positively influenced in the follow-
ing order: economic foundation > urban construction > innovation atmosphere. Moreover,
within the economic foundation dimension, economic size and economic development
level show similar trends for both types of innovation but have a more pronounced effect
on breakthrough innovation. This suggests that improving economic conditions can more
effectively support breakthrough innovation. The negative impact of the industrialization
level on both types of innovation has lessened over the four periods, with the industrial-
ization level having a slight positive effect on disruptive innovation (0.087) between 2016
and 2021, likely due to China’s evolving industrial development. Historically, China’s
industrial growth was driven by low-to-mid-end assembly manufacturing, which did not
often stimulate innovation. However, recent shifts towards innovation and high-quality
development in the industrial sector have mitigated the negative impact of industrializa-
tion on both types of innovation. Additionally, in the innovation atmosphere dimension,
government support has a greater positive impact on disruptive innovation than on incre-
mental innovation. Collaborative innovation had a more significant effect on disruptive
innovation compared to incremental innovation during the 2000–2005 and 2006–2010 pe-
riods. However, since 2011, its influence on incremental innovation has exceeded that of
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disruptive innovation. The role of internationalization level in breakthrough innovation
has decreased over time (0.935, 0.944, 0.809, and 0.859), while its effect on incremental
innovation has increased (0.364, 0.655, 0.707, and 0.734). Ultimately, factors from the built
environment—such as ecological environment, cultural services, and public services—play
a significant role in influencing both types of innovation, underscoring the importance of
the urban built environment in fostering innovation activities.

3.3. The Spatial Relationship and Organizational Patterns of Urban Dual Innovation
3.3.1. The Location Relationship between Breakthrough Innovation and
Incremental Innovation

We established six buffer zones centered on breakthrough innovation patent points,
with a radius of 0.1 km, 0.5 km, 1 km, 2 km, 3 km, and 5 km. Subsequently, we calculated
the quantity of incremental innovation within each buffer zone, revealing the following
findings (Figure 6):
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for the Pearl River Delta Urban Agglomeration Multi-Ring Buffer.

From the spatial perspective, there exists a significant correlation between break-
through innovation and incremental innovation. Within a 5 km radius centered around
breakthrough innovation, over 95% of incremental innovations are concentrated, indicating
a common spatial clustering center for both types of innovation.

Regarding the overall evolution trends across different research stages, the spatial
correlation between breakthrough and incremental innovation continues to strengthen.
Over time, within the same buffer zone ranges, the proportion of incremental innovation
consistently increases. For example, in a 100 m radius buffer zone, the proportion of
incremental innovation as a total quantity rose from 67.68% during 2000–2005 to 82.63%
during 2016–2021.

When comparing the three case study areas, the average proportion of incremental
innovation relative to breakthrough innovation is as follows: Beijing–Tianjin–Hebei Urban
Agglomeration (79.73%, 89.10%, 93.50%, 96.27%, and 97.25%), Yangtze River Delta Urban
Agglomeration (65.49%, 77.98%, 86.37%, 93.10%, and 95.60%), and Pearl River Delta Urban
Agglomeration (81.25%, 87.68%, 92.67%, 96.43%, and 97.88%). These results indicate that
the spatial relationship between breakthrough and incremental innovation is strongest in
the Pearl River Delta Urban Agglomeration, followed by the Beijing–Tianjin–Hebei Urban
Agglomeration and Yangtze River Delta Urban Agglomeration.

3.3.2. The Spatial Organization Patterns of Urban Dual Innovation

Based on the research above, several key findings emerge: First, breakthrough innova-
tion and incremental innovation are closely interconnected spatially, indicating a strong
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correlation between them. Second, both types of innovation demonstrate multi-center clus-
tering tendencies. Breakthrough innovation tends to concentrate in major urban centers,
while incremental innovation tends to cluster around these breakthrough innovations, re-
flecting a robust multi-center distribution pattern. Thirdly, the spatial organization of dual
innovations in the three major urban agglomerations reveals distinct similarities and differ-
ences: the Beijing–Tianjin–Hebei Urban Agglomeration exhibits a dual-center structure, the
Yangtze River Delta Urban Agglomeration follows a corridor-like “Z”-shaped pattern, and
the Pearl River Delta Urban Agglomeration displays a dual-cluster arrangement. Based on
these observations, our research categorizes urban dual innovation spatial patterns into
two main patterns (Figure 7): Multi-core Cluster and Multi-core Corridor.
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The first pattern is the Multi-core Cluster. This spatial organization pattern of urban
innovation has three core characteristics: First, the regional innovation landscape displays a
distinct pyramid structure, where only a few areas within the region possess robust innova-
tion capabilities, typically functioning as economic, political, and cultural centers. Secondly,
a limited number of regions with exceptional innovation capacities serve as primary aggre-
gation points for breakthrough innovations within the region, concentrating over 70% of
such activities. Thirdly, the spatial distribution of breakthrough and incremental innova-
tions in these regions resembles each other, with incremental innovation predominantly
centered around the primary aggregation hubs of breakthrough innovation. Within the
context of the three major urban clusters, the Beijing–Tianjin–Hebei and Pearl River Delta
clusters exemplify this organizational model. For example, in the Beijing–Tianjin–Hebei
cluster, a dual-core structure is observed with Beijing as the primary innovation hub and
Tianjin as a secondary core area. Urban dual innovation is heavily concentrated in these two
core cities, while other cities within the cluster exhibit a pattern of innovation distribution
that is small-scale and dispersed.

Another pattern is the Multi-core Corridor. This spatial organization pattern of innova-
tion is characterized by several key features: Firstly, it features a less pronounced pyramid
structure in the regional innovation division, instead favoring a flatter, olive-shaped distribu-
tion. This results in a relatively balanced distribution of top innovation areas, core innovation
areas, and general innovation areas within the region. Secondly, the region forms a continuous
aggregation area for innovation along major transportation routes, rivers, and other infras-
tructural corridors. This creates distinct corridor effects, with top innovation areas serving
as significant nodes along these corridors. Thirdly, the top innovation areas act as crucial
hubs for breakthrough innovation, while other cities situated along the corridor develop
into innovation hubs focused on incremental innovations. Examining the three major urban
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clusters, the Yangtze River Delta urban cluster exemplifies this organizational model. Along
the Yangtze River and major highways in the region, an innovation corridor has emerged,
with cities like Shanghai, Nanjing, Suzhou, and Hangzhou serving as pivotal innovation
nodes. Surrounding cities such as Zhenjiang, Ningbo, and Nantong contribute to the cluster
with strong concentrations of incremental innovation.

4. Discussion

In recent years, innovation issues have garnered interdisciplinary attention. However,
there has been relatively little discussion in these studies regarding the variations in in-
novation activities. Our research takes a perspective focusing on the varying degrees of
innovation impact, investigating the evolution and influencing factors of urban dual inno-
vation spatial patterns. We explored the spatial relationship and organizational patterns of
these two types of innovation, which are essential for comprehending the formation and
evolutionary principles of urban dual innovation spatial patterns.

Theoretically, our research deepens the discussion on the spatial relationship between
breakthrough innovation and incremental innovation. Previous studies on dual innovation
relationships have primarily focused on the geographic patterns of breakthrough innova-
tion [44,54,55], the strategic balance of firms in choosing dual innovation [33,71–73], and
the mechanisms underlying breakthrough innovation and incremental innovation [74–76].
However, there has been limited research on the spatial relationship between breakthrough
innovation and incremental innovation. Our research delves into this aspect using case
studies from China’s three major urban agglomerations. The research reveals that break-
through innovation and incremental innovation share common locational characteristics.
Specifically, within a 5 km radius centered on breakthrough innovation patents, over 95%
of incremental innovation patents can be found, demonstrating a pattern of distance decay.
This discovery has significant implications for a deeper understanding of the relationship
between breakthrough innovation and incremental innovation.

Empirically, our research provides a compelling case study for understanding the
aggregation patterns of breakthrough innovation and incremental innovation between
developing and developed countries through an analysis of China. Compared to developed
regions like Europe and America, China exhibits a relatively lower value-added industry [6].
Examining the spatial distribution of breakthrough innovation and incremental innovation
within a developing economy and comparing it with developed nations helps us refine
our understanding of this phenomenon. Our findings demonstrate that breakthrough
innovation is mainly concentrated in the core areas of urban agglomerations, consistent
with research findings from Western countries such as the U.S. [44,45,77]. These core areas
possess a diverse knowledge base and abundant innovation resources [12,47]. Additionally,
the high density of these core areas promotes informal linkages and knowledge spillovers,
which help innovation actors acquire new knowledge and engage in unconventional
knowledge creation [44,78]. Moreover, our study reveals that innovative activities diffuse
along major transportation routes (e.g., rivers, and highways), forming corridor-like spatial
structures where breakthrough innovations serve as pivotal nodes. This suggests two key
points: firstly, whether in developed or developing contexts, breakthrough innovation
tends to occur in core areas abundant in innovation factors and resources; secondly, the
clustering of dual innovation activities within urban agglomerations follows a “Point-Axis”
model based on their spatial structures.

Furthermore, our research advances discussions on the correlations between factors
such as government support, collaborative innovation, and internationalization levels
with dual innovation activities. Regarding policy support, our research finds that over
four periods from 2000 to 2021, policy support had a stronger positive impact on break-
through innovation compared to incremental innovation. This finding represents a step
forward from previous research, which only indicated a positive impact of policy on
innovation [60,79]. Our research demonstrates that increased public financial expenditure
on scientific and technological activities is more likely to foster breakthrough innovation
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activities. Concerning collaborative innovation, our research confirms a positive correlation
between collaborative innovation and dual innovation activities. Specifically, its positive
effect on breakthrough innovation is stronger than that on incremental innovation. This
aligns with prior research suggesting that collaboration among inventors contributes to
breakthrough innovation [57,80]. Our conclusions indicate that breakthrough innovation is
more likely to emerge from collaborative innovation efforts.

In the study of differences in innovation mechanisms across different cities, this article
and previous research have reached similar conclusions. Rodríguez-Pose et al. found
significant differences in innovation mechanisms between more and less developed cities
in China. They noted that in more developed cities, indicators related to innovation, such
as R&D activities, and large human capital endowments exhibit a positive correlation,
whereas these indicators seldom impact less developed cities. Instead, the latter are
primarily influenced by factors related to the urban public environment [64]. Our study
aligns with these findings, showing that cities with prominent innovation capabilities
like Beijing and Shanghai experience a stronger impact from factors such as collaborative
innovation, industrialization level, and resident incomes. In contrast, cities with average
innovation capabilities are primarily influenced by indicators like ecological environment,
public services, and cultural services.

This study provides several insights into the formulation of innovation policies. Firstly,
breakthrough innovation and incremental innovation serve different functions in regional
economic development. Breakthrough innovation facilitates the creation of new technologi-
cal pathways and higher profit margins, whereas incremental innovation enhances market
adaptability, thereby promoting steady regional economic growth. Consequently, when
crafting regional innovation policies, it is essential to balance the allocation of innovation
resources, manage risks effectively, and achieve the organic coordination of breakthrough
innovation and incremental innovation. For example, the United States has coordinated
the allocation of innovation resources through various sectors, established the National
Network for Manufacturing Innovation (NNMI, later renamed Manufacturing USA), and
set up research and innovation institutions in key areas to lead innovation development in
crucial industrial sectors. Secondly, our research underscores the need for tailored innova-
tion strategies based on the innovation capabilities of cities. Cities with robust innovation
capabilities should cultivate an environment conducive to innovation, focusing specifically
on breakthrough innovations to capture a larger market share in global competition. Con-
versely, cities with moderate innovation capabilities should identify suitable roles within
regional divisions of labor and supplement their innovation deficits by integrating external
technologies. For instance, Singapore promotes local innovation development primarily
by offering policy incentives to attract multinational companies to establish their R&D
headquarters in the country. It also fosters innovation connections between multinational
corporations and local Small and Medium-sized Enterprises (SMEs), thereby advancing
local innovation development.

It is important to acknowledge that our research is not without its limitations. Firstly,
patents are but one facet of innovation, thereby limiting the comprehensiveness of patent
data in capturing the full spectrum of innovative activities within a region. Furthermore, in
attempting to quantify the significance of breakthrough innovation, this research predomi-
nantly relies on the count of patent citations, which, however, masks substantial variations
across industries. Consequently, this approach risks overlooking pivotal innovations in
niche sectors that may not be adequately reflected by mere citation counts.

Inevitably, our research also has some limitations. For example, patents are merely
one form of innovation, and patent data cannot represent all innovative activities within
a region. Additionally, there are significant variations in the number of patent citations
across different industries, which means relying solely on patent citation data to measure
the importance of patents may overlook important innovations in niche industries.
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5. Conclusions

Existing research often views innovation as a homogenized behavior and rarely dis-
cusses the differences in its impacts. Our research, based on patent data from China’s three
major urban agglomerations spanning from 2000 to 2021, defines the top 5% of the most
cited patents as breakthrough innovation and categorizes the rest as incremental innova-
tion. We investigated the spatial pattern evolution, influencing factors, spatial relationship,
and organizational patterns of breakthrough innovation and incremental innovation. Our
research is crucial for supplementing the current research by addressing the spatial rela-
tionship between breakthrough innovation and incremental innovation, thereby enhancing
our understanding of the differentiation mechanism of urban dual innovation. The key
findings of this study include the following:

Firstly, the evolution of spatial patterns of urban dual innovation demonstrates a multi-
center agglomeration, with breakthrough innovation primarily concentrated within the
core areas of urban agglomeration, while incremental innovation predominantly surrounds
these core areas.

Secondly, the effects of different factors on dual innovation vary across different peri-
ods and cities with different innovation capacities. Across four study periods, indicators
related to economic foundation consistently exerted a stronger positive influence on dual
innovation compared to indicators related to the built environment and innovation atmo-
sphere dimensions. This suggests that innovation tends to occur more frequently in cities
with a robust economic foundation. Regarding differentiated impacts among cities with
different innovation capabilities, breakthrough innovation in cities with strong innovation
capabilities is primarily associated with indicators related to the innovation atmosphere,
while incremental innovation in cities with moderate innovation capabilities is mainly
influenced by factors related to economic foundation and built environment.

Thirdly, the spatial relationship between breakthrough innovation and incremental
innovation exhibits a distance decay pattern. This implies that as geographic locations
move further away from the core agglomeration areas of breakthrough innovation, the
frequency of incremental innovation activities tends to decrease. This highlights spatial
dependence and gradient differences in the influence of dual innovations. Moreover, the
innovation spillover effect from breakthrough innovation clusters to surrounding areas
diminishes with greater geographic distance.

Finally, drawing on empirical research from China’s three major urban agglomerations,
we identified two spatial organizational patterns of urban dual innovation: the Multi-
core Cluster and the Multi-core Corridor. In the Multi-core Cluster pattern, the regional
innovation division features a prominent pyramid structure, with innovation concentrated
primarily in a few key areas. Conversely, the Multi-core Corridor pattern shows a more
flattened olive-shaped structure in the regional innovation division, where distinctions in
numbers between leading innovation areas, core innovation areas, and general innovation
areas are less pronounced.

In future research, we recommend focusing on the following key areas: Firstly, there
is an urgent need to address the issue of inequality in urban innovation, particularly the
differentiated mechanisms of breakthrough and incremental innovation between devel-
oped and underdeveloped regions. Research should delve into the specific differences in
these regions and analyze the fundamental causes of these differences. Second, studies
should further examine the interrelationship and impact of breakthrough innovation and
incremental innovation within urban innovation systems. Specifically, it is necessary to
analyze whether these two types of innovations are complementary or mutually exclusive,
how they jointly affect urban economic development, and their specific impact on the
regional division of labor between cities. Through this research, we can gain a deeper
understanding of how dual innovation functions in urban economic development and how
targeted policy adjustments should be made.
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