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Abstract: In the era of the knowledge economy with the superfluidity of information, labor, and
goods, the ability to establish external knowledge linkages has become an indispensable asset for the
development of regional industries. Based on the assumption that knowledge spillovers decay with
distance, several existing studies have explored the role of neighboring regions in local industrial
upgrading. Meanwhile, a small but growing literature has explored the evolution of regional
comparative advantage from the perspective of multi-location territorial knowledge dynamics (TKDs),
exploring multi-locational knowledge interactions (including proximity interactions and distance
interactions) and their regional economic effects in the process of knowledge flows. Inspired by
the literature on multi-location TKDs, this paper examines two hypotheses: (1) In addition to local
capabilities, external knowledge linkages also have a positive effect on local industrial upgrading;
(2) the stronger the knowledge linkages, the more similar the regional comparative advantage.
Through an analysis of data on authorized patent citation and the two-digit manufacturing industry
from Chinese cities in 2011 and 2016, we find that the knowledge flow networks among Chinese cities
are characterized by strong external knowledge linkages to both adjacent and distant regions. Further
analysis reveals that a particular Chinese city has a higher probability of developing comparative
advantages if it maintains strong knowledge linkages with a city specialized in the same industry. In
addition, the comparative advantages of regions with strong knowledge linkages are more similar
than regions with weak knowledge linkages.

Keywords: regional development; external knowledge linkages; territorial knowledge dynamics;
China

1. Introduction

In recent years, two streams of research, which are from evolutionary economics and
economic geography, have rekindled interest in the evolution of regional industry. Many
contributions to the evolutionary economic geography literature emphasize the role of local
capabilities based on path dependence theory [1]. In short, the school of evolutionary eco-
nomic geography believes that regional economic development is a primarily endogenous
process. The evolution of regional industries is embedded in the local context and technical
capability, and regions tend to develop new industries with strong technical linkages to
existing local industries.

Following earlier work [2], recent studies have focused on the impact of neighboring
regions on the evolution of local industries [3–5]. Some empirical studies found that
when knowledge is disseminated to adjacent regions, it can trigger the evolution of the
comparative advantage there [6]. According to Bahar, Hausmann and Hidalgo [3] and

Sustainability 2022, 14, 4685. https://doi.org/10.3390/su14084685 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su14084685
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-2119-5233
https://orcid.org/0000-0001-8226-7945
https://doi.org/10.3390/su14084685
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14084685?type=check_update&version=1


Sustainability 2022, 14, 4685 2 of 14

Boschma, Martín and Minondo [4], new knowledge of neighboring countries has an
important impact on the development of local industries.

However, with the pervasive development of information technologies and the im-
provement of transport infrastructure, knowledge flow characterized by multi-location
interaction not only occurs between neighboring regions, but also between distant re-
gions [7–12]. Studies of multi-local knowledge flows show that the proximity mechanism
based on innovation trajectories and knowledge accumulation has limitations in the era
of globalization. Instead, it is argued that the multi-local knowledge interaction mecha-
nism (proximity interaction and distance interaction) is crucial to the evolution of regions
and industries. While there are studies of territorial knowledge dynamics in developed
European countries, such as Sweden and Germany [7,11], there is, as yet, no literature that
explores the evolution of comparative advantage in China specifically from the perspective
of territorial knowledge dynamics. China is an interesting case study for a number of
reasons. Firstly, it is a developing country with a low technical level, which potentially
makes regional economic development more dependent on learning from external knowl-
edge. Secondly, as a country with a large land area and economy, China’s interregional
economic and knowledge interactions are likely to be extensive. Thirdly, with the market-
oriented transformation of the Chinese economy, local governments actively attempt to
attract investments to develop new industries that can support the evolution of regional
comparative advantage.

The purpose of this paper is to examine whether territorial knowledge dynamics are
suitable for application to the evolution of comparative advantage in China. The paper ad-
dresses two questions: firstly, whether, in addition to local capabilities, external knowledge
linkages play an important role in local industrial upgrading; secondly, whether regions
with strong knowledge linkages tend to have a more similar comparative advantage. The
article contributes to the literature on TKDs by showing that multi-locational knowledge
dynamics have developed in China and that these have a positive impact on regional
comparative advantage. This paper also provides a guide to China’s regional industrial
upgrading policies from a perspective of territorial knowledge dynamics.

This paper measures inter-regional knowledge networks using authorized patent
citation data and comparative advantage using the location quotient of two-digit manufac-
turing industries to explore the above questions. The data presented in this paper show that
external knowledge linkages have a positive impact on the evolution of China’s regional
comparative advantage, and regions with strong knowledge linkages tend to have more
similar comparative advantages than regions with weak knowledge linkages. The study’s
results imply that it is important for policymakers to support the development of links to
potentially advantageous industries in distant regions.

The article is structured as follows. Section 2 puts forward two hypotheses based on
a literature review on the evolution of comparative advantage. Section 3 introduces the
data sources and methods. Section 4 is divided into two parts. In the first part, we describe
the characteristics of knowledge linkages between cities in China by using authorized
patent citation data in order to test whether external knowledge linkages have an impact
on the evolution of regional comparative advantage. The second part investigates whether
a particular Chinese city has a greater opportunity for industrial upgrading if it maintains
strong knowledge linkages with a city specialized in the same industry. Section 5 presents
the conclusions and policy implications of the analysis.

2. Literature Review on the Evolution of Comparative Advantage

Comparative advantage means being able to produce a good or service at a lower
opportunity cost than in another region/country. Classical economic theory holds that
the labor force is the only factor leading to comparative advantage. In fact, there are
structural differences in the endowments of production factors, such as labor, capital, and
land, in various countries, and these factors are essential elements consisting of compara-
tive advantages. Rooted in this logic, Ohlin, a scholar representative of the Neoclassical
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Trade School, put forward the famous Heckscher–Ohlin theory: A country exports those
commodities that can be produced on the basis of factors that are relatively abundant in
the country [13]. It should be mentioned that both of the above comparative advantage
theories were based on the static assumption that the technical level, returns to scale, and
economic structure remained unchanged. With the continuous refinement of the industrial
division of labor and the increasing frequency of trade and cooperation between countries
and regions, the regional technology level and economic structures have also changed in
most places, and, therefore, the above static comparative advantage theory cannot explain
the evolving pattern of interregional trade. In order to reveal the increasingly complex
regional trade relations, many scholars have tried to analyze the evolution mechanism of
regional comparative advantage since the 1960s [9,14–17], and several schools of thought
have been identified. Previous research in this area can be divided into four schools of
thought, as illustrated by Table 1.

Table 1. Comparison of schools in the evolution of regional comparative advantage.

Schools Core View Scales Scholars

Endogenous Growth School
Technological progress is the core

factor affecting
comparative advantage.

Local scale Arrow, K.

Evolutionary Economic
Geography School

The local capability formed by the
interaction between the

institution and local knowledge
base determines the evolution of

comparative advantage.

Local scale and
Neighbor regions Boschma, R.

Relational Economics
Geography School

The level and function of local
participation in global production

and innovation networks have
become the core elements of the

evolution of
comparative advantage.

Local and global scale
(buzz/pipeline model) Bathelt, H.

Territorial Knowledge
Dynamics School

Local capability and external
knowledge networks jointly affect

the evolution of regional
comparative advantage, and they

pay attention to multi-scale
knowledge networks and
knowledge combinations.

Multi-scalar (including local,
adjacent, and distant
regional networks)

Crevoisier, O.
Jeannerat, H.
Asheim, B.
James, L.

In the early 1960s, the endogenous growth school explained the evolution mecha-
nism of regional comparative advantage from a dynamic perspective around local knowl-
edge spillovers. Arrow first put forward the learning-by-doing concept and insisted that
technological progress and productivity improvement can be achieved by accumulating
experience in the production process [14]. According to Zhu, et al. [15], the knowledge
accumulation generated by learning by doing is the key factor in the evolution of indus-
trial structure.

In contrast to this, evolutionary economic geography scholars have used path depen-
dence as the core concept when attempting to explain the evolution of regional comparative
advantage. They believe that the product space is heterogeneous and discrete, and once
new products exceed the cognitive scope of entrepreneurs, product upgrading is diffi-
cult to achieve. In other words, the evolution of regional comparative advantage does
not occur randomly, but depends on the existing local capabilities [1,17]. According to
Rodríguez-Pose [18], local capabilities are the result of long-term interactions between the
local knowledge base and local institutions. These ‘localized capabilities’ enable regions to
get tacit knowledge, providing unimitated comparative advantage. In fact, as an important
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source of technological and industrial diversification, local capabilities also have a positive
impact on industrial specialization. Evolutionary economic geographers have produced a
rich discussion of regional diversification around the concept of ‘related variety’. For exam-
ple, Neffke first systematically studied the diversity evolution path of regional ‘industrial
space’ by analyzing the characteristics of the Swedish economic evolution from 1969 to 2002,
where he found that the evolution process of this industry was significantly affected by
path dependence, i.e., that new technologies or industries came from the reorganization of
local related technology and industries [19]. Similar evidence can also be found in different
countries or regions, such as the United States [20], Europe [21], and China [22–24].

Most of the evolutionary economic geography literature explores innovation mech-
anisms based on the hypothesis that agents search for the knowledge source of their
innovation from local networks. However, to some extent, this perspective limits our
understanding of the spatial flow of knowledge. To avoid economic lock-in, regional agents
need to establish external linkages and learn non-local knowledge. In order to reveal the
process of knowledge creation and regional development more thoroughly, the relational
economic geography school emphasizes both local and global knowledge flows to and
from industrial clusters. Some authors argue that enterprises in regional clusters need
to learn knowledge from other places and consciously establish a pipeline connecting to
global knowledge sources in order to maintain regional vitality, often referred to as the
“local buzz and global pipelines” model [16].

However, the buzz and pipeline model has been questioned and criticized by a
growing number of scholars. Asheim argued that local buzz does not fully show the
meaning of face-to-face communication and acknowledged the differences among synthetic,
analytical, and symbolic knowledge [25]. Moodysson applied the buzz and pipelines to
life science communities in Sweden and found that the most mobile knowledge creation
occurred in the global professional knowledge networks [26]. Crevoisier and Jeannerat [9],
like Moodysson [26], argued that the local buzz and global pipeline model is oversimplified,
and an alternative model, dubbed territorial knowledge dynamics, was put forward by
the authors. The term is defined as the changes in the patterns of knowledge flows that
include both intraregional and interregional linkages. TKDs study the effect of social and
technological development on knowledge interaction and regional innovation, emphasizing
the combined dynamics of multi-location milieus of new knowledge creation. Crevoisier
and Jeannerat distinguished four regional development models based on the strength of
proximity and distance interactions of knowledge [9]. Among them, traditional innovative
milieus are rich in local interactions, but poor in distance interactions, while multi-location
TKDs are rich in both. Networks of distant TKDs are rich in distance interactions but poor
in local interactions, while constellations of independent entities are rich in both.

The existing literature has mainly used models of TKDs to explain the new path
creation mechanisms in European countries, including in the Swedish automobile industry,
innovation processes in Germany, and electronics [7,11]. For example, by analyzing the
innovation and development process of the Swedish automobile industry, James, et al.
found that non-local knowledge relationships are very important for anchoring new knowl-
edge [11]. Moreover, they also asserted that enterprises’ advanced-stage innovation gener-
ally needs multi-location interactions of knowledge. Dahlström, Olsen and Halkier argued
that regardless of which type of region a firm is located in, firms depend on knowledge in-
teractions crossing the regional boundaries [27]. Olsen, like Dahlström, et al. [27], suggested
that the knowledge combination, the external linkages, and the producer and consumer
networks are the three core elements of models of TKDs and emphasized the important role
of establishing external relations in regional innovation [28]. Other schools within regional
innovation have made a similar argument to that of Crevoisier and others. For example,
Isaksen and Trippl found that the new synthetic and analytical knowledge of external
regions played a key role in the industrial upgrading of Norway and Austria [29]. Inspired
by the above studies, some authors acknowledged the importance of non-local knowledge
for new path creation and argued that complex technology innovation depends more on ex-
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ternal knowledge linkages [30]. Bahar and Rapoport suggested that migration promotes the
development of national comparative advantage by increasing the flow of knowledge [31].
In a similar line, Fan, Li and Pan [32] argued that the international knowledge diffusion
generated by FDI plays a positive role in the evolution of comparative advantage.

It is obvious that models of TKDs are not as widespread as the literature related to
local capacity. Moreover, the existing literature mainly focuses on case studies of European
countries and it lacks empirical research evidence from other continents. However, its great
strength is that it allows for different combinations of proximity and distance relations.
Based on prior evidence that regional and extra-regional networks have a positive impact
on industrial development and that the interactions of local and non-local knowledge
promote regional innovation, we predict two effects of external knowledge linkages on the
evolution of regional comparative advantage:

Hypothesis 1. In addition to local networks, external knowledge linkages also have an important
effect on local industrial upgrading, and the stronger the knowledge linkages, the greater the effect.

Hypothesis 2. Regions with strong knowledge linkages also tend to have more similar compara-
tive advantages.

3. Methods and Data Sources
3.1. Research Methods

This paper investigates TKDs in China, a country that has witnessed a number of
economic reforms since the 1980s. In the process of economic transformation, economic
liberalization has promoted interregional labor mobility, industrial linkages, and R&D
cooperation to a great extent [33,34]. More specifically, plenty of cities, especially in the
central and coastal regions, have upgraded and diversified local industries as part of the
economic transformation [35,36]. Recent research shows that a significant characteristic of
China’s industrial diversity is path dependence [23]. In addition, some of the literature
shows that external regional linkages combined with internal innovation may be conducive
to the creation of new paths for China’s industrial upgrading [22]. In the same vein,
some authors argue that the rapid development of the Chinese economy is the result of
collective learning between industries and regions (neighboring regions) [37]. In addition
to geographical distance, cultural differences and institutional distance have a significant
impact on the evolution of China’s regional comparative advantage by affecting the location
of knowledge flow [6]. However, less attention has been paid to the impact of multi-
locational knowledge learning (including proximity and distance learning) on the evolution
of China’s regional comparative advantage.

The essence of the evolution of regional comparative advantage is industrial devel-
opment. According to the product space theory, a product is the carrier of the knowledge
and ability of a country or region, which comprehensively reflects the factor endowment
information of the economy and all of the production conditions, including the organiza-
tion mode and social system required for product production [17]. Therefore, we believe
that comparative industrial advantage can effectively represent a regional comparative
advantage. Following Bahar, Hausmann and Hidalgo [3] and Hidalgo, et al. [17], regional
comparative advantage is obtained through the following expression:

LQt
c,i =

Vt
c,i/ ∑i Vt

c,i

Nt
i / ∑i Nt

i
(1)

where LQt
c,i is the location quotient of city c in industry i at time t. Vt

c,i is the gross industrial
output value of city c in industry i at time t. Nt

i is the national gross industrial output value
in industry i at time t.

According to relevant studies on the development of new industries [3,4], we use the
change in the industrial location quotient to measure the evolution of regional comparative
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advantage. Some scholars have used the spatial economics approach to analyze the effect of
geographical distance on interregional and inter-industry knowledge spillovers [2]. Spatial
econometric models are suitable for exploring issues in which the dependent variable
is continuous. However, the dependent variable (regional industrial upgrading or no
upgrading) is a binary variable in this paper. Therefore, we use a discrete-choice model to
explore the role of external knowledge linkages in the evolution of comparative advantage.
We frame the following regression:

Uc,i,t+5 = α + β1 ln LLQnc,i,t + β2 ln densityc,i,t + β3 ln importc,i,t + β4 ln f dic,i,t+
β5 ln outputc,i,t + β6 ln sharec,i,t + β7 ln pro f itc,i,t + β8 policyc,i,t+

εc,i,t

(2)

Uc,i,t+5 is a binary variable indicating whether a Chinese city c develops the industry i
from time t to time t+5. The value of Uc,i,t+5 is set to 1 if the city c develops the industry
i, and it is set to 0 otherwise. Following Boschma, Martín and Minondo [4], if the LQ
(location quotient) of an industry is greater than 1, this means that the city has developed
a comparative advantage in that industry. We set a strict condition for upgrading and
evolution of comparative advantage: This paper assumes that the new industry i is up-
graded if the value of LQ of industry i at time t is below 0.1, and the value of the LQ of
that industry at time t+5 is greater than 1. In fact, the development of new industries and
the further upgrading of local existing specialized industries represent the evolution of
comparative advantage. Therefore, to avoid condition settings for the development of
local industries that are too strict, we also set a loose condition for industrial comparative
advantage upgrading: This paper holds that a new industry i is upgraded if the value of
the LQ of industry i at time t is below 0.5, and the value of the LQ of that industry at time
t+5 is greater than 1, or, alternatively, if the LQ of an industry in the city is greater than one
at time t, and the added value of the LQ is greater than one at time t+5.

Hypothesis 1 makes predictions about the effects of external knowledge linkages
on local industry upgrading. Following Boschma, Martín and Minondo [4], we consider
that the higher the comparative advantage of a city in a particular industry is, the higher
the probability will be that the city where it has a strong knowledge linkage with the
former city will develop a comparative advantage in that industry in the future. To test
Hypothesis 1, the variable that we focus on is ln LLQnc,i,t, the natural logarithm of LLQnc,i,t.
LLQnc,i,t denotes the revealed comparative advantage of industry i in city nc with a strong
knowledge linkage with city c at time t (note: According to the natural classification
results of the number of patent citations in Chinese cities, the cities in the lowest level are
weak knowledge-linked cities, and the other levels are strong knowledge-linked cities).
LLQnc,i,t can be measured as the value of the largest LQ in industry i among all cities with
a strong knowledge linkage with city c. This paper replaces the variable ln LLQnc,i,t with a
binary variable BLLQnc,i,t to analyze the robustness of the estimation results. The value of
BLLQnc,i,t is set to 1 if the largest LQ of city nc with strong knowledge linkages with city c
is higher than 1, and zero otherwise.

The densityc,i,t indicates the product density of industry i in city c at time t. Product
density denotes the local knowledge networks of a particular industry and can reflect the
capabilities of a city developing this industry. According to Hidalgo, et al. [17], the density
indicator is measured through the following expression:

densityc,i,t =
∑j ∅i,j,txc,j,t

∑j ∅i,j,t
(3)

where xc,j,t is given 1 if city c has a comparative advantage in industry j and 0 otherwise,
and ∅i,j,t is the industrial closeness value between i and j measured as:

∅i,j,t = min
{

P
(

LQi,t
∣∣LQj,t

)
, P
(

LQj,t
∣∣LQi,t

)}
(4)
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where P
(

LQi,t
∣∣LQj,t

)
is a variable that measures the probability of comparative advan-

tage in industry i once the city is specialized in industry j. P
(

LQj,t
∣∣LQi,t

)
is similar to

P
(

LQi,t
∣∣LQj,t

)
. If a Chinese city has a specialized industry (comparative advantage) in all

industries relevant to industry i, the value of density will be given 1. In contrast, if a Chinese
city does not specialize in any industries linked to industry i, the value of density will be
given 0.

Because the regional industry development is affected by many factors, it is necessary
to control other variables. According to Bahar, Hausmann and Hidalgo [3] and Boschma,
Martín and Minondo [4], as well as Miguelez and Moreno [5], we consider the following
control variables: the natural logarithm of the import, fdi (foreign direct investment), indus-
try share, industry output, and industry profit. The policy variable takes the value of 1 if a
city supports the development of industry i in the ‘Outline of the 12th Five Year Plan for
National Economic and Social Development’ or zero otherwise.

Expression (2) is estimated with a linear probability model. The reason behind this
is that it can report the odds ratio, which provides a better explanation of the economic
implications of the regression results. In order to get rid of this heteroscedasticity inherent
to this model, we report clustered standard errors at the city level.

More knowledge can be shared among regions under the condition of strong knowl-
edge linkages. Therefore, we expect that the regions with strong knowledge linkages have
a more similar comparative advantage (Hypothesis 2). To test Hypothesis 2, based on
Boschma, Martín and Minondo [4], we measured the comparative advantage similarity
index, as shown in the following:

similarityt
c,c′ =

∑i

(
ht

c,i − ht
c

)
∑i

(
ht

c′ ,i − ht
c′

)
√

∑i

(
ht

c,i − ht
c

)2
∑i

(
ht

c′ ,i − ht
c′

)2
(5)

where ht
c,i is the natural logarithm of the LQ of city c in an industry i at time t and ht

c is
the mean of ht

c,i overall industries in city c at time t. It should be mentioned that ht
c,i is the

natural logarithm of LQ + 0.1. The LQ is accounted for in a natural logarithm to avoid the
covariance bias that is brought by a very large LQ. The 0.1 fraction is given when it comes to
industries whose LQ is 0. If the similarity index is more than 0, it means that the city c and
another city c′ have comparative advantages in similar industries. On the contrary, once
the value is less than 0, it represents that neither of the cities have comparative advantages
in different industries.

3.2. Sources of Data and Descriptive Statistics

Following Lee and Kim [38], we use the citation data of Chinese authorized patents to
measure the knowledge flow between cities and represent the knowledge flow intensity
with the total number of patent citations between cities. Since the Chinese patent examina-
tion process (from application to authorization) takes four years, the latest and complete
Chinese authorized patent data have been updated to 2017. Meanwhile, considering that
the Chinese government formulates a national socioeconomic development plan every
five years, we determine the research period of this study as 2011 and 2016. Chinese
authorized patent data in 2011 and 2016 were obtained from the global patent database
(https://www.incopat.com/ (accessed on 5 March 2020)). Because knowledge-intensive
industries depend on advanced and complex scientific and technological knowledge, the
patent data of such industries are a suitable measure of knowledge flow. According
to the statistical classification of intellectual property (patent) intensive industries, this
study examines the authorized patent data of four knowledge-intensive industries: the
pharmaceutical manufacturing industry, new equipment manufacturing industry, informa-
tion technology manufacturing industry, and information and communication technology
service industry. In 2011 and 2016, the numbers of authorized patents in those four
knowledge-intensive industries were 35,757 and 59,118, respectively.

https://www.incopat.com/
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As the regional comparative advantage is usually measured with the industrial lo-
cation quotient, considering the industrial types of patent data and the differences in
the technical complexity of manufacturing industries, we selected 15 two-digit high-tech
manufacturing industries (including the medicine manufacturing industry, the automo-
bile, railway, ship, aerospace, and other transport equipment manufacturing industry,
the communication equipment, computer, and other electronic equipment manufacturing
industry, and 12 other high-tech manufacturing industries, including the industry for the
smelting and pressing of ferrous metals, the industry for the smelting and pressing of
nonferrous metals, the general-purpose machinery manufacturing industry, etc.). The data
on the gross industrial output value, share, profit in corresponding industries and imports,
and foreign direct investment are from the Chinese City Statistical Yearbook for the years
2012 (2011 data) and 2017 (2016 data). Data on the industry policy are from the Five-Year
Planning Outline.

Table 2 provides a statistical description of the data used in the empirical part of this
study. Column (5) (Mean) shows that the average value of U_loose is almost twice that of
U_strict, which shows that the number of existing industries upgraded is almost equal to
the number of new industries developed in the region during the study period (from 2011
to 2016). The average value of the independent variable (lnLLQ) that we are interested
in is positive, indicating that the average value of the LLQ of a strong knowledge-linked
city is greater than 1. That is, on the whole, strong knowledge-linked cities can provide
specialized knowledge for local industrial upgrading.

Table 2. Descriptive statistics for data used in the comparative advantage evolution analysis.

Variable Max Min Median Mean Std. Dev.

U_strict 1 0 0 0.0171 0.1296
U_loose 1 0 0 0.0341 0.1816
lnLLQ 2.1793 −3.9606 0.4509 0.3906 0.8735
BLLQ 1 0 1 0.7519 0.4322

lndensity −0.1655 −2.9178 −0.7857 −0.8667 0.4306
lnimport 9.7892 2.9164 6.1679 6.3341 1.5996

lnfdi 6.6324 −0.4018 4.8655 4.7056 1.2820
lnoutput 9.2745 −14.5087 5.1901 4.8027 2.4302
lnshare −0.4039 −22.7512 −3.6072 −3.9933 2.2097
lnprofit 6.5274 −5.2983 2.4587 2.0755 2.0201
policy 1 0 0 0.2760 0.4473

Note: All independent variables are measured at time t.

4. Analysis of the Results
4.1. Multi-Location Characteristics of Knowledge Flow Networks of Cities in China

In order to analyze the characteristics of the knowledge flow networks of cities in
China, we used the ArcGIS 10.2 software to map the geographical location of knowledge
flow with authorized patent citations. Figure 1 shows the knowledge flow networks of
cities in China in 2011 and 2016. From 2011 to 2016, the number of cities with a patent
citation relationship and the number of patent citations between cities increased. In terms
of knowledge linkages among central Chinese cities, the knowledge citations between
Beijing and Chengdu, Beijing and Shenzhen, Beijing and Guangzhou, Beijing and Suzhou,
and Beijing and Hangzhou increased significantly, while the citations between Shanghai
and Shenzhen and between Shenzhen and Taiwan decreased. The reason for the decline
of knowledge citations among some cities may be that China’s reform and opening-up
policy led some Taiwan-funded and foreign-funded enterprises to set up factories and
carry out industrial cooperation in China’s southeast coastal cities (Shenzhen, Guangzhou,
Dongguan, etc.) from the 1990s to the early 21st century. After 2006, with the further
liberalization of the Chinese economy, the investment focus of Taiwan-funded and foreign-
funded enterprises began to shift to the central cities in northern and western China (Beijing,
Chengdu, Xi’an, etc.), and industrial and innovation cooperation were carried out. At the
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spatial level, there were obvious differences in knowledge flow networks on both sides
of China’s “Hu line” (note: The Hu line, also known as the Aihui Tengchong line, is a
geographical dividing line of China’s population proposed by Hu Huanyong in 1935; the
population on the east side of this line is significantly bigger than that on the west side).
The regional knowledge networks on the east side of the line were significantly denser
than those in the west, and the eastern regional knowledge networks roughly formed a
diamond structure with Beijing, Shanghai, Shenzhen, and Chengdu as the apexes. More
importantly, strong knowledge linkages existed not only between neighbor cities (such as
Beijing–Tianjin, Guangzhou–Shenzhen, and Shanghai–Suzhou), but also between distant
cities (such as Beijing–Shenzhen, Beijing–Shanghai, Shanghai–Shenzhen, and Shenzhen–
Hangzhou). Chinese knowledge flow networks resemble multi-location interactions. In
other words, the evolution mechanism of China’s regional comparative advantage is driven
by the knowledge flow networks to a certain extent. To test Hypothesis 1, we investigate
whether a city tends to develop industries (including new industries and existing spe-
cialized industries) in which its strong knowledge-linked cities are also specialized in the
next section.
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4.2. External Knowledge Linkages and the Evolution of the Comparative Advantage of
Chinese Cities

To test Hypothesis 1, we used regression 2 to analyze the role of external knowledge
linkages in the evolution of regional comparative advantage in China. Column (2) in
Table 3 provides the baseline regression results under strict promotion conditions. In
order to explain the regression results, we report the odds ratio rather than the coefficient.
Column (2) shows that the odds ratio for lnLLQ is 1.7168 and statistically significant,
which shows that the probability of industry development in strong knowledge-related
cities is 5.5667([EXP(1.7168)]) times higher than that in weak knowledge-related cities. In
addition, the odds ratio of policy is 3.5829, indicating that the development probability
of new industries with industrial policy support is 3.5829 times that without industrial
policy. However, the results of lndensity and other control variables are not statistically
significant. In order to determine the robustness of the regression results under strict
upgrading conditions, we set lnLLQ as a binary variable (BLLQ) and then estimated the
model. The column (3) shows that the results of lndensity and other control variables are
still not statistically significant. One possible explanation is that it is difficult for new
industries with industrial bases in cities that are too weak to achieve specialization quickly.
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In other words, after five years of development (from 2011 to 2016), only a small proportion
of industries in a city with an initial LQ less than 0.1 achieved an LQ greater than 1.

Table 3. Results of the dynamic analysis of comparative advantage of Chinese cities.

Variable
Strict Upgrading Condition Loose Upgrading Condition

Baseline Model Robustness Baseline Model Robustness

lnLLQ 1.7168 **
(0.4676)

1.9820 ***
(0.4468)

BLLQ 3.3106 *
(2.3540)

2.2542 **
(1.0103)

lndensity 0.4936
(0.2233)

0.5013
(0.2329)

0.1948 ***
(0.1070)

0.2096 ***
(0.1130)

lnimport 0.2770
(0.0925)

0.2999 ***
(0.0950)

0.2804 ***
(0.0988)

0.3094 ***
(0.1033)

lnfdi 1.2512
(0.5600)

1.2652
(0.5574)

1.3883
(0.3418)

1.4249
(0.3372)

lnoutput 1.3640
(1.1841)

1.2495
(1.0455)

2.1260
(1.0669)

1.8407
(0.8686)

lnshare 0.5558
(0.4927)

0.6028
(0.5247)

0.3776 *
(0.1901)

0.4387 *
(0.2147)

lnprofit 1.3166
(0.3357)

1.3775
(0.3247)

1.2110
(0.3189)

1.2731
(0.3042)

policy 3.5829 *
(2.5198)

3.7373 *
(2.5786)

3.5706 **
(2.0069)

3.8771 **
(2.1271)

Constant 0.0179
(0.0944)

0.0107
(0.0590)

0.0003 ***
(0.0009)

0.0004 **
(0.0013)

Pseudo R2 0.2857 0.2763 0.3136 0.2887
Observations 645 645 645 645

Note: (1) The dependent variable (U) of the baseline model is continuous value; (2) the dependent variable (U) of
the robustness analysis is a 0—1 binary variable; (3) all models are fitted with clustered standard errors at the city
level shown in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

To solve the problem that the upgrading conditions of new industries are too strict,
we estimated the model under loose upgrading conditions. Column (4) shows that the
odds ratio for lnLLQ is 1.982 and statistically significant, which shows that the probability
of industrial development (including the development of new industries and existing
specialized industries) in strong knowledge-related cities is 7.2572([EXP(1.982)]) times
higher than that in weak knowledge-related cities. In addition, the results of lndensity and
other control variables (lnimport, policy) are also statistically significant and positive, which
shows that local capacities, import level, and industrial policy have a positive impact on
the evolution of regional comparative advantage. In short, the baseline regression results
under the condition of loose upgrading verify the main conclusions of this study. The
evolution of a regional comparative advantage depends not only on the support of local
capacities, but also on the comparative advantage of cities with strong knowledge linkages.
In other words, a city develops industries in which its strong knowledge-linked cities are
specialized. Column (5) verifies the robustness of the above conclusions. This finding that
external knowledge linkages play an important role in local industrial upgrading leads
us to conclude that Hypothesis 1 is supported by our data. In addition, the empirical
results show that the industrial policy has a strong and positive impact on the development
of industries of cities in China. The reason is that with regional decentralization, local
governments play a key role in resource allocation in the processes of the development of
cities in China.

4.3. Comparison of the Similarity of the Comparative Advantage of Cities in China

To compare the similarity of the comparative advantage among cities with different
knowledge linkage strengths, we take the lowest of the five levels of patent citation in
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the legend in Figure 1 as the weak knowledge-linked cities, and the other citation levels
are strong knowledge-linked cities. Then, the similarity of the comparative advantage
between strong knowledge-related cities and weak knowledge-related cities in 2011 and
2016 is compared with the density function. Clearly, Figure 2 shows that the density
function curve (solid blue line) of strong knowledge-linked cities is to the right of the
curve (dotted red line) of weak knowledge-linked cities in 2011 and 2016. The result of
the regional comparative advantage similarity comparison shows that the regions with
strong knowledge linkages have a more similar comparative advantage than the regions
with weak knowledge linkages. This result shows that Hypothesis 2 is also supported by
our data.
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5. Conclusions and Discussion
5.1. Conclusions and Policy Implications

Based on the data of Chinese authorized patent citations and two-digit manufactur-
ing industries in 2011 and 2016, we found that strong knowledge linkages exist not only
between neighboring cities, but also between distant cities in China, a finding that is in
line with the multi-location knowledge flows entailed in multi-location TKDs. In relation
to Hypothesis 1, the results showed that both local capabilities and external knowledge
linkages play a positive role in local industrial upgrading, and the stronger the external
knowledge linkages, the greater their role in industrial upgrading. In addition, by compar-
ing the comparative advantage similarity index of regions with strong/weak knowledge
linkages, we found that those regions with strong knowledge linkages also tend to have
more similar comparative advantages than those with weak knowledge linkages, which
provides evidence for Hypothesis 2. Thus, we can conclude that multi-locational knowl-
edge dynamics have developed in China and that these have a positive impact on regional
comparative advantage. The perspective of TKDs is, therefore, a useful way to theorize
knowledge dynamics in this context and also has important policy implications.

Firstly, policymakers should be skeptical about only focusing on proximity learning
and should also support distant knowledge linkages in order to achieve more efficient
knowledge interaction and learning. More specifically, policymakers should try to encour-
age industrial and innovation cooperation between a particular region and other regions
(including adjacent and distant regions) with which it has strong knowledge linkages.
Secondly, the positive effect of external knowledge linkages on the development of compar-
ative advantage implies that policymakers should strengthen collective learning among
regions and promote industrial upgrading through regional integration strategies. Thirdly,
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as the empirical results show that the local capability variable also has a positive impact
on the evolution of regional comparative advantage, policymakers should develop com-
parative advantages based on existing local industries and technology bases, rather than
developing industries that are not related to local knowledge bases. In sum, policymakers
should consider broadening their geographical horizons with regard to regional develop-
ment because of the increasing mobility of information, labor, capital, and technology, as
well as the importance of combining local and non-local knowledge.

5.2. Limitations and Future Research

In line with previous studies, this study also has some limitations. Firstly, our study
attempts to use authorized patent citation data to measure Chinese knowledge flow net-
works, which may have some limitations. For example, the knowledge networks in China
that we describe mainly reflect the flow characteristics of synthetic and analytical knowl-
edge, ignoring the flow of symbolic knowledge. Future research should also include other
knowledge flow data (such as academic paper citations, labor flows, or trade data) to
measure the characteristics of China’s regional knowledge flow networks. Secondly, our
research paid less attention to the knowledge linkages between China and other countries.
In fact, some Chinese cities are actively learning technologies from foreign cities in order
to develop industries. Therefore, future research should expand the geographic scope of
the research. Thirdly, the contextual factors should also be further explored. For instance,
it should be determined whether different industries, especially low-tech and high-tech
industries, have the same degree of dependence on external knowledge linkages. From this
perspective, it will be of great significance to continue to refine the industry classification
and investigate what kind of industry has a stronger interaction between regions with
strong knowledge linkages. Finally, as a result of the outbreak of the COVID-19 pandemic,
China’s import and export trade volumes have decreased significantly since January 2020,
particularly in the processing and manufacturing industries and the transportation industry.
The COVID-19 pandemic has also caused dramatic changes in trade relations between
China and its major foreign trading partners. China’s foreign trade growth is mainly in
export trade with ASEAN and other countries along the “Belt and Road”, while import and
export trade with countries and regions such as the United States, the European Union, and
Japan has declined significantly. Future research should explore the impact of comparative
advantage on the commodity structure and trade geography of China’s foreign trade in the
post-pandemic situation.
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