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*e flow of high-level talents in China is becoming more and more active and has a profound impact on the innovation and
development of cities. Based on the research on the spatial distribution of the school and work stages of high-level talent in China,
we study the structure and evolution of China’s high-level talent mobility network by using the data on the flow trajectory of talent
among cities in China. *e results show that: (1) the spatial distribution of talents in the two stages has greater consistency, but
there is a change characteristic of “large dispersion, small agglomeration.” (2) Compared with the school stage, the network in the
work stage has much more connections; the centrality gap of cities has narrowed. (3) “Core-periphery” structure of two networks
is relatively significant and similar.*e core layer in the two networks has not changed, but the subcore layer and the subedge layer
have undergone changes. In addition, talents mainly flow to core and subcore cities. (4) *e space structure of network is more
complex in the work stage, and it is expanding to the Guangdong-Hong Kong-Macao Greater Bay Area in southeastern China.

1. Introduction

Talent has become a crucial strategic resource in China’s
economic and social development [1]. *e spatial layout and
flow efficiency of high-level talents (HLT) to a large extent
characterize the regional economic development status [2]
and represent the distribution of the engine of the science
and technology industry [3]. Large-scale talent flow is bound
to have a significant impact on China’s regional innovation
capabilities, economic system structure, industrial layout,
population distribution structure, and social and cultural
environment [4, 5]. *erefore, studying the state of HLT is
crucial to the overall understanding of innovation and
economic development [3, 6].

At present, China’s rapid technological innovation,
increasing progress in transportation technology, fast

development of information and communication tech-
nology, and the combined effect of multiple factors have
provided great convenience for the flow of HLT across the
country. At the same time, local governments have in-
troduced a series of policies and measures to attract talents,
which accelerate the flow of HLT. However, the unhealthy
competition for talent introduction among cities has ag-
gravated the irrational flow of talents, leading to an uneven
regional distribution of talents. Issues such as “Peacocks
Flying Southeast,” “Crisis in the Midwest,” and “Dilemma
in the Northeast” have emerged in China [7]. In April
2017, the Ministry of Science and Technology issued the
“*irteenth Five-Year Plan for the Development of Sci-
entific and Technological Talents” (Ministry of Science and
Technology, PRC. *e 13th Five-Year Plan for *e De-
velopment of Scientific and technological Talents, 2017.
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Available at: http://www.casec.org.cn/article/show%
20article.%20asp?articleid=728), proposing to remove
obstacles to the flow of talents and allow free flow of
scientific and technological talents in accordance with
market laws. In September 2021, General Secretary Xi
Jinping pointed out at the Central Conference on Talent
work (http://www.gov.cn/xinwen/2021-09/28/content_
5639868.htm?version=2.5.40020.452&platform=win) that
Beijing, Shanghai, and the Guangdong-Hong Kong-Macao
Greater Bay Area could be built into HLT hubs, and some
central cities with HLTconcentration should also focus on
building platforms to attract and gather talent. Factors
such as regional development differences, unhealthy talent
competition among cities, and government policy guid-
ance will inevitably have an important impact on the flow
of HLT in China. In this context, there is an urgent need to
thoroughly study the spatial distribution and flow char-
acteristics of China’s HLT, so as to provide support for the
government to formulate scientific policies for attracting
talents.

In recent years, the study of talent flow in China has
become a hot topic. Relevant researches mainly focus on the
current situation of talent flow [8–10], model of talent flow
[11, 12], influencing factors of talent flow [13], and the impact
of talent flow on scientific research output [14]. Although
scholars have studied talent flow in China, there are still some
problems that need to be remedied. First, there is a lack of
quantitative research on the domestic flow of HLT in China.
Due to the limitation of data acquisition, the study of HLT
flow in China has always been a difficult problem. Most of the
existing quantitative studies only studied the geographical
flow characteristics of a specific type of talents (academicians,
outstanding young scholars, or Changjiang scholars)
[8, 9, 15]. *ese studies have great limitations, and the results
cannot represent the flow of HLT in China in a broader sense
[9, 15, 16]. Second, few studies analyzed and compared talent
flow from the growth stage of talent [17]. Due to the dis-
tribution of national education and work resources, regional
development, and individual factors of talents, the flow of
talents in the stage of education and work has different
characteristics, and the reasons and mechanisms of the flow
are also different.*erefore, it is of great practical significance
to study the characteristics of the flow of HLTamong cities. It
can also enrich the relevant researches on the flow of talents in
China and provide reference for the formulation of talent
attraction policies for cities in China.

*is article aims to compare and analyze the spatial
distribution, flow characteristics, and differences of China’s
HLT in the school and work stage. *e article has six parts.
*e first part is introduction. *e second part reviews the
relevant research on the flow of HLT in China and discusses
how to study the flow of HLT based on the theory of net-
works and mobility spaces. *e third part introduces the
data sources and research methods. *e fourth part is the
result analysis, which is elaborated from four aspects: the
spatial distribution characteristics of HLT, the changes in the
basic attributes of the talent flow network, and the changes in
the “core-edge” structure and spatial structure of the talent
flow network. *e fifth part further discusses the changing

characteristics of the spatial distribution of talents, the
characteristics of talent mobility (bidirectional, stickiness,
and Matthew effect), and the spatial heterogeneity of talent
mobility networks. Finally, the main conclusions and con-
tributions of this article are briefly summarized.

2. Space of Flows, Network, and Talent Flow

*e concept of “flow” has emerged in the context of eco-
nomic globalization and informatization, which are
reshaping the organization structure of the world—what
Castells calls “the rise of network society” [18]. *e salient
feature of this new organizational structure is the dominant
position of various “flows,” such as population flow, in-
formation flow, capital flow, and technology flow. “Flow”
and “space” are inseparable. Manuel Castells proposed that
“space of flows” means “physical organization of social
practices that share time without geographical adjacency”
[19]. Its structure consists of four parts: “(1) It is made up of a
technological infrastructure of information systems, tele-
communications, and transportation lines. (2) *e space of
flows is made up of nodes and hubs. (3) *e space of flows is
also made of habitats for the social actors that operate the
networks. (4) *e space of flows comprises electronic
spaces” [20].

Ma summarized and proposed that “flow” in various
forms between cities is a “soft network” (which can be di-
vided into economic, political, social, and cultural con-
nection functions) based on the “hard network” (such as
highway, railway, airport, telecommunications, and other
infrastructure) between cities, which are expressed in
multiple forms of connection among human, materials, and
information [21–23]. Talent mobility network between cities
can be regarded as “soft network” based on “hard network.”
Talent flow is always associated with specific cities [24]. As
the main place of knowledge innovation and technology
diffusion, city is one of the important network nodes, which
belongs to the second part of the structure of “space of
flows.”

At the end of the 20th century, the complex network
theory based on mathematical graph theory and statistical
physics provided a theoretical basis for studying the com-
plexity of network systems [25–27]. Complex network
theory and methods have been used in many fields such as
disease transmission [28], transportation networks [29],
scientific research cooperation networks [30], and urban
networks [31, 32]. *is method also provides a new per-
spective for the identification of talent flow network
structure. It usually abstracts the overall flow of talents into a
network and applies network analysis methods to carry out
related research. With the development of big data tech-
nology, the data of “talent flow” have become available.
Scholars have begun to try to collect information on the flow
of talents online, mining trajectory data of talents from the
resume, published papers, patents, and other information at
various stages of learning, work, etc. [33]. On the basis of big
data mining, scholars usually apply various characteristics
and indicators of complex networks to the relevant analysis
of talent flow networks. For example, there is a network of
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the talent flow composed of scientific research leaders [27],
scientists [34], corporate talents [35, 36], overseas students
[37], and returned talents [38].

*ere have been studies using the talent flow network
to explore the spatial characteristics and trends of talent
flow, and to predict and simulate the trend of talent flow.
Fagiolo and Mastrorillo obtained relevant conclusions
about the trends and characteristics of global migration in
the world today by studying international migration
networks and predicted the trend of international mi-
gration in the future [39]. Wang et al. [40, 41] constructed
a global technology leader talent flow network model to
measure and analyze the characteristics of the global
technology leader talent flow in major countries (regions)
and the world as a whole. Zhu Pengcheng [36] conducted
research on the geographical network of talent flow in the
Yangtze River Delta and explored the direction and ac-
tivity of talent flow in the network. Shi Wentian [34]
found that Beijing and Shanghai located in the core area of
the scientific research cooperation network of Chinese
scientists.

In addition, scholars have also begun to portray dif-
ferent types of urban networks or innovation networks in
terms of talent flow. In the era of knowledge economy, the
importance of human capital in economic and social de-
velopment has become increasingly prominent, and the
flow and agglomeration of talents has become an important
driving force for the evolution of the world’s urban network
system and the development of global cities. In the study of
the world city network based on the flow of “highly skilled
international migrants” [42, 43], scholars believe that the
processes of talent management and global staffing are
nourishing the knowledge base of world cities. It provides a
continuous flow of talents for these places, ensuring that
they achieve a high ranking in the global city hierarchy [43].
Moreover, using talent mobility to build innovative rela-
tionships between cities can better reflect the connection of
tacit knowledge than papers and patents, and HLT can
reflect the high-level part of tacit knowledge, which has an
important value for simulating the flow of high-level
knowledge and innovative connections between cities [21].
Relevant studies have found that HLT can also establish
important knowledge connections for cities where they
live, study, or work for a long period of time, and built
innovation network between cities by using China’s
“*ousand Talents Plan” talents and important entrepre-
neurs’ migration [38].

Network science and methods provide a strong support
for the research on the structural characteristics and
evolution of talent regional flow network. *is paper tries
to use the talent flow network to answer the following three
core questions: first, compare the characteristics of node
attributes in the talent flow network and analyze the
characteristics of talent flow between cities. Second, by
comparing the core-edge structure of the network, this
paper discusses whether there is Matthew effect in the
current flow of HLT in China. *ird, the spatial hetero-
geneity of talent flow network is analyzed by comparing its
spatial structure.

3. Data and Methods

3.1. Definition of High-Level Talents and Data Sources.
According to the definition of talents in talent science,
talents are people who have certain knowledge and skills
under certain historical conditions and use their creative
work to make greater contributions to society or a certain
aspect of society [44]. HLT usually refers to a small number
of academic elites who produce knowledge, enjoy a high
reputation, and lead the development of disciplines [45].
Chinese city governments have slightly different identifi-
cation systems for HLT, but they generally divide talents into
three categories: domestic and foreign top talents, national-
level leading talents, and local-level leading talents. At
present, a number of high-level academic groups have
formed, including academicians of the Chinese Academy of
Sciences and Chinese Academy of Sciences, Changjiang
Scholars, Outstanding young people, and so on. Considering
the availability of data, the HLT in this article refers to the
academicians of the Chinese Academy of Sciences (ACAS),
the academicians of the Chinese Academy of Engineering
(ACAE), the Chinese academicians of the International
Eurasian Academicians (IAEA), the Chinese academicians
of the Academicians of Developing Countries (TWAS), the
scholar of the Changjiang Scholars Program (CJSP), and the
scholar of the National Outstanding Youth Fund Project
(NOYFPS).

*e election of the academicians of the CAS began in
1955. *e earliest year of the academicians still living in the
datais 1980. *e election of the CAE began in 1994, and the
earliest year of the living academicians is 1994. *e earliest
Chinese academicians of IAEA and TWAS, still alivingis
1994 and 1983, respectively. *e Changjiang Scholars
Program was established in 1998, and the National Science
Fund for Outstanding Youths was established in 1994.
*erefore, the research period of this article is 1980–2020.

*e talent data in this paper are all obtained from the
official website. Among them, the data of ACAS are obtained
from the official website of the Chinese Academy of Sciences
(http://casad.cas.cn/ysxx2017/ysmdyjj/qtysmd_124280/), with
a total of 812 talents. *e data of ACAE are obtained from the
official website of the Chinese Academy of Engineering
(https://www.cae.cn/cae/html/main/col48/column_
48_1.html), with a total of 911 talents. *e IAEA and TWAS
were obtained from the official website (http://bj.ieaschina.
org/expert/jieshao.html; https://www.cas.cn/zt/hyzt/twas23/
abouttwas/201208/t20120808_36%2025109.html), respec-
tively, with a total of 378 talents.*e source of the information
on the CJSP is with the Ministry of Education of the People’s
Republic of China (http://www.moe.gov.cn/jyb_xxgk/s5743/
s5745/), with a total of 3143 talents.*e data of NOYFPS came
from the National Natural Science Foundation of China
(https://www.nsfc.gov.cn/), with a total of 4303 talents. Be-
cause some talents have multiple titles at the same time, this
article merges the data of such talents into one sample. For
example, if a scientist has successively obtained the titles of
CJSP, TWAS, and ACAS, then we will retain the last title of
ACAS for this scientist, but his data information contains the
titles of CJSP and TWAS. In addition, this article does not
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include foreign talents from 1980 to 2020. In the end, this
article collected information on 7734 talents.

3.2. Talent FlowTrajectoryData Processing. *e research area
of this article is China (as some talents have study or work
experience in Hong Kong, Macau, Taiwan, and other regions,
the above regions are also included in this research), and the
basic research unit is prefecture-level cities. *e talent flow
trajectory data are mainly judged by the change of the working
city. If the working city of the talent changes, we judge that the
talent flow has occurred [8, 41].*e specific steps are as follows:
(1) Define the city of the talent’s first school as the “first city of
school” and then count the city where the school is located in
chronological order. When the city changes, it is defined as the
“second, third, . . ., school city” of the talent. On this basis,
determine the talent flow trajectory based on prefecture-level
cities (first school city⟶ second school city⟶ third school
city, etc.). If the city where the talent school is located has not
changed, it will not be included in the flow trajectory. (2)
Define the city of the talent’s first workplace as the “first city of
workplace” and then count the city where the workplace is
located in chronological order. When the city changes, it is
defined as the “second, third, ... city of workplace” of the talent.
On this basis, determine the talent flow trajectory based on
prefecture-level cities (first city of workplace⟶ second city of
workplace⟶ third city of workplace, etc.).

3.3. Network Construction. Drawing lessons from network
graphics and matrix expression methods, create the talent
flow network of this article [27, 46]. *e talent flow network
is a directed complex network. In this paper, cities are
regarded as nodes in the network, and the direction of talent
flow is regarded as edges. To build a networked model, talent
flow is along the direction of the edges between nodes
(Figure 1). To construct a network matrix of talent flow
between cities, the ordinate of the matrix is set as the outflow
city, and the inflow city is set as the abscissa of the matrix.
*e value of the element in the matrix is the number of high-
level talents flowing from the out-flow city to the in-flow
city.

3.4. Centrality Analysis of Network Nodes

3.4.1. Degree Centrality. *is refers to the number of other
nodes directly connected to the target node in the network
and represents the degree of node connection [46]. In this
article, the degree centrality of a node indicates the number
of cities that have a talent flow connection with the city.
Degree centrality is divided into in-degree centrality and
out-degree centrality. Among them, the in-degree centrality
can reflect the centrality of a city as a city for attracting
talents in the talent flow network. *e out-degree centrality
reflects the centrality of a city as a talent outflow city in the
talent flow network [47]. It is calculated as follows:

CD(i) � 
n

j�1,j≠ i

kij + 
n

j�1,j≠ i

kji. (1)

Here, CD(i) is the degree centrality of the node, which
refers to the number of other nodes connected to the node i,
kij represents the outflow of the node, and kji represents the
inflow of the node.

3.4.2. Strength Centrality. *is refers to the sum of the
weights of the edges formed by all other nodes associated
with a node in the network [48, 49]. It represents the
connection scale of nodes in the network. In this paper,
strength centrality is the sum of the flow of talents between a
certain city and all other cities:

Si � 
N

j�1,j≠ i

Cij. (2)

Here, Si is the strength centrality of city i, that is, the sum
of the flow of city i and other cities; j is the other cities
connected to city i; N is the number of cities; and Cij is the
flow quantity of talent between city i and city j.

3.4.3. Betweenness Centrality. *is measures how much a
point lies “in the middle” of other points in the graph. If a
point is on the shortcut of other point pairs, we say that the
point has a high intermediate centrality [46]. *e calculation
formula for the centrality of the directed network is as
follows:

CB(i) �
1
2



n

j



n

k

gjk(i)

gjk

, j≠ k≠ i, and j< k, (3)

where gjk is the number of shortest paths used to
connect point j and point k and gjk(i) is the number of
shortest paths through point i between point j and point k.

3.4.4. Comprehensive Centrality [30]. *e first three node
centrality indicators in the article all measure the rights of
nodes in the network from a single aspect and lack the
comprehensive centrality measurement of the connections
between nodes. *erefore, this article draws on the com-
prehensive centrality model to comprehensively evaluate
each node, which is calculated as follows:

zi � ρ1 × Stand CD(  + ρ2 × Stand Si(  + ρ3 × Stand CB( ,

(4)

where zi is the comprehensive centrality and Stand(CD),
Stand(Si), and Stand(CB) are the standardized values of
degree centrality, strength centrality, and betweenness
centrality, respectively. ρ1, ρ2, and ρ3 are the weights of the
three indicators, respectively. *is article believes that the
three indicators are equally important, so the weights are all
set to 1/3.

3.5. Network Visualization Method

3.5.1. Visualization of Core-Edge Structure. Based on the
value of comprehensive centrality, this paper uses the Jenks
method (a method of classification) to divide the network
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into four levels of “core, subcore, subedge, and edge” and
draw it with the help of Ucinet, Pajek. *e color of the city
nodes in Figure 2 represents the different levels of com-
prehensive centrality. Because there are too many city nodes,
the city structure diagram only shows the core layer, the
subcore layer, and the subedge layer.

3.5.2. Visualization of Space Structure. Taking the flow
trajectory of talent between cities as the core connection of
the provincial talent mobility network, this paper draws the
spatial structure of the talent mobility network by using
ArcGIS. *e size of the node in Figure 3 indicates the
number of talent flowing through the city. *e larger the
node, the more mobile talents. *e thickness of the edge in
Figure 3 indicates the amount of mobility between the two
cities.*e thicker the edge, the more the amount of mobility.

4. Results

4.1. Spatial Distribution and Flow of HLT. *e distribution
of talents in China has always shown a strong spatial
imbalance [50]. At the school stage, the HLT are dis-
tributed in 141 cities (Figure 4), with an average of 97
talents in each city. *ere are 22 cities above average, and
the top 10 cities are Beijing, Shanghai, Nanjing, Wuhan,
Xi’an, Hefei, Hangzhou, Harbin, Changchun, and Tianjin.
*ere are 212 cities where HLT in China are located in
Figure 4, with an average of 63 talents in each city. *ere
are 24 cities exceeding the average, and the top 10 cities
are Beijing, Shanghai, Nanjing, Wuhan, Guangzhou,
Hong Kong, Xi’an, Hangzhou, Hefei, and Tianjin. Cities
that attract HLT to choose jobs are mainly located in the
east of China, followed by the central region, and very few
in the west.

Comparing the spatial distribution of talents, the spatial
distribution of talents in the work stage has been signifi-
cantly expanded. However, the spatial distribution of talents
in the two stages is still relatively consistent. *ey are mainly
distributed in the eastern part of China, along the Yangtze
River valley, and central and western provincial capital cities.
*ese cities are also the main locations of China’s 985 and
211 universities (Figure 4). It can be seen that this spatial
distribution of HLT is closely related to the spatial distri-
bution of national universities, laboratories, and innovation
platforms.

*e data show that at the school stage, 2047 talents
(26.47%) moved once, that is, they changed to a master’s or
doctoral school; 303 people (3.92%) moved twice, that is,
both master and doctoral schools changed. In comparison, a
total of 2,348 people moved during the work stage. *e
highest number of flows reached 9 times. Among them, 2914
people (22.12%) moved 1 time; 1365 people (17.65%) moved
twice; and 566 people moved 3 times or more (37.68%).
From the school stage to the work stage, the number of talent
flows increased from 2,653 to 4341, and the flow of talents
became more active. However, cities with a large amount of
talent flow are concentrated in a few cities (Table 1). *e
results show that the top five city pairs for the flow of HLT
during the school stage areWuhan⟶ Beijing, Nanjing⟶
Beijing, Xi’an⟶ Beijing, Hefei⟶ Beijing, and Shanghai
⟶ Beijing. *e top five cities for the flow of high-level
talents at the work stage are Beijing⟶ Shanghai, Beijing
⟶ Hong Kong, Shanghai⟶ Beijing, Hong Kong⟶
Beijing, and Beijing⟶ Wuhan.

4.2. Node Centrality of the Network

4.2.1. Degree Centrality. In the school stage, Beijing has the
highest indegree centrality, followed by Shanghai. *e
indegrees of the top 15 cities are all greater than the outdegree
(Figure 5). *ese cities have high-quality educational re-
sources and are favored by talent. At the work stage, Beijing’s
indegree is still the highest, but Beijing’s outdegree and
indegree are almost the same. Beijing’s high housing prices
and competitive pressuremay have contributed to the outflow
of some young talents. In addition, some talents work part
time in areas outside Beijing, whichmakes Beijing’s outdegree
relatively high. *e outdegree of Changsha and Harbin is
higher than the indegree, and they are the cities with more
serious brain drain in China. In contrast, first-tier cities such
as Beijing, Shanghai, Guangzhou, Nanjing, Wuhan, and
Hangzhou all have higher indegree than outdegree and are
key cities for absorbing talent.

4.2.2. Strength Centrality. *e results (Figure 6) show that in
the school stage, the strength centers of cities such as Beijing,
Shanghai, Nanjing, and Wuhan are at the forefront, indi-
cating that these cities are the preferred cities for talent in the
process of studying. Moreover, these cities are regions with
extremely rich educational resources, which promotes the
frequent flow of talents between these cities. Although
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Guangzhou has a high degree of centrality, its strength
centrality is low. Compared with cities such as Beijing,
Shanghai, Wuhan, and Nanjing, Guangzhou’s educational
resources are relatively weak. In the work stage, Beijing’s
strength centrality is still the highest, and the number of
connections in Beijing is almost the total number of con-
nections in Shanghai, Nanjing, Wuhan, Xi’an, and Hang-
zhou. In addition, despite the massive increase in the
number of nodes in the network during the work phase,
there are only 21 cities with a strength centrality higher than
100, which shows that the destination of talent flow has a
strong agglomeration.

4.2.3. Betweenness Centrality. In the school stage, the
ranking of the centrality of cities is quite different. Cities
such as Beijing, Shanghai, Nanjing, Wuhan, and Xi’an have
relatively high betweenness centrality, and they have a strong
ability to control the resources in the network. As an im-
portant gathering place for educational resources, these
nodes play an intermediary role. During the work stage,
Beijing’s centrality is extremely high, indicating that no
matter whether it outflows or inflows, a larger part of the
work place of talent includes Beijing.

From the stage of school to the stage of work, the scale of
the network has expanded greatly. *e number of city nodes
in the network has increased from 142 to 216. From the
perspective of the changes in node centrality (Figure 6), the
nodes and their projections are relatively scattered, and the
centrality of each node has a large gap during the school
stage. During the work stage, the centrality of Beijing and
Shanghai is still much higher than that of other cities.
However, other city nodes have become more concentrated,
the centrality gap between nodes has narrowed, indicating
that the network is more mature in the work stage, and the
role of city nodes is more prominent.

4.3. Core-Edge Structure of Network

4.3.1. School Stage (Figure 2). (1) Core layer: Beijing. As a
national science and technology innovation center, Beijing
has the largest number of universities and research insti-
tutions in China, attracting a large number of high-level
talents, becoming the core of the network, and occupying a
dominant position in the network. And the resources of the
edge layer continue to flow to the core, which will further
strengthen the position of the core node. (2) Subcore layer:

Table 1: Top 10 city pairs of the number of talent flows.

School stage Work stage
Outflow city Inflow city *e number of talent flows Outflow city Inflow city *e number of talent flows
Wuhan Beijing 115 Beijing Shanghai 121
Nanjing Beijing 83 Beijing Hong Kong 85
Xi’an Beijing 62 Shanghai Beijing 65
Hefei Beijing 60 Hong Kong Beijing 62
Shanghai Beijing 59 Beijing Wuhan 57
Changchun Beijing 52 Beijing Guangzhou 56
Chengdu Beijing 51 Beijing Nanjing 56
Jinan Beijing 51 Wuhan Beijing 56
Lanzhou Beijing 44 Beijing Hefei 51
Nanjing Shanghai 43 Nanjing Beijing 50

Beijing Beijing

(1) School Stage (2) Work Stage

Chengdu Wuhan Xi'an Xi'an

Shanghai Changsha Nanjing Changchun

Shenyang Kunming Xiamen
Chongqing

Hangzhou Nanjing TianjinHong Kong

Guangzhou Shanghai Wuhan

Core layer

Sub-core layer

Sub-edge layer

LanzhouQingdao Changchun

Shengyang
Jinan

Zhengzhou
Shenzhen

Changsha
ChengduTaibei

HefeiLanzhouJinanHefeiFuzhou

Guangzhou Hangzhou Taiyuan Tianjin Dalian

Dalian

Harbin Harbin

Figure 2: Hierarchical structure diagram of the talent mobility network.
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Shanghai, Nanjing, Chengdu, Wuhan, Xi’an, Changchun,
and Changsha. As the secondary core, cities in this level are
closely connected to other cities. (3) Subedge layer: Lanzhou,
Hefei, Harbin, Dalian, Tianjin, Taiyuan, Guangzhou,
Hangzhou, Shenyang, Jinan, and Fuzhou. Although the
average comprehensive centrality of this level of nodes is not
as high as that of the first two levels, it is also a relatively
important node for leading the connections between cities of
different levels. (4) Edge layer: Shangrao, Dongying, Linfen,
Linyi, and Urumqi and other 123 cities. *e nodes in this
level have low connections with other nodes and are located
at the edge of the network, which forms an extremely un-
balanced development pattern on the core.

4.3.2. Work Stage (Figure 2). (1) Core layer: Beijing. Beijing
is firmly at the core and highest level of the network. As an
important economic, educational, and cultural center of
China, Beijing is very attractive to high-level talents. (2)
Subcore layer: Shanghai, Nanjing, Tianjin, Guangzhou,
Hangzhou, Wuhan, Xi’an, and Hong Kong. *e subcore
cities are the more important nodes in the network. Most of
these cities are located in coastal areas, with developed
economy, high education level, superior working environ-
ment, and suitable natural environment. *ese cities have
created good conditions for the influx of talent and become
the main influx destination of talents. Although Wuhan and
Xi’an are located in the central and western regions,

(1) School Stage
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Figure 3: Changes in the spatial structure of the talent mobility network. (a) School stage. (b) Work stage.
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respectively, the two cities are not only provincial capitals
but also gateway cities in the central and western regions.
*ey also have a large number of scientific research plat-
forms and profound cultural heritage. *erefore, it has also
attracted a large influx of talents and has become a secondary
core. (3) Subedge layer: Lanzhou, Xiamen, Taipei, Hefei,
Harbin, Dalian, Chengdu, Kunming, Shenyang, Jinan,
Shenzhen, Zhengzhou, Chongqing, Changchun, Changsha,
and Qingdao. *e flow of talent at this level has been sig-
nificantly reduced, and the number of cities has increased
significantly, and most of them belong to provincial capital
cities or provincial central cities. Among them, the status of
Shenzhen in the network has been greatly improved com-
pared to the status of education. Shenzhen’s low status in the
talent mobility network may be due to the fact that it is an
emerging innovation center. *e number of top universities,
scientific research institutions, and national laboratories in

Shenzhen in the early days was small, and the influx of talent
was little. With the accelerated flow and integration of in-
novative elements such as high-tech industries, capital, and
technology, Shenzhen is gradually building into an inter-
national scientific and technological innovation center, and
it will certainly attract a steady flow of high-level talent. (4)
Edge layer: Sanya, Sanming, Shangrao, Dongguan, Dongy-
ing, and other 188 cities. *is level of network node has the
lowest status, and a large number of talents flow to the core
and subcore layers.

From the perspective of change, the core of China’s high-
level talent mobility network is always Beijing. *e subcore
level has changed a lot. During the education stage,
Chengdu, Changchun, and Changsha were in the subcore
level, but in the working stage, these three cities have already
withdrawn from this level. Tianjin, Guangzhou, Hangzhou,
and Hong Kong have been upgraded from the original
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Figure 4: *e spatial distribution map of China’s high-level talents 985 and 211 universities.
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subedge level to the subcore level. *is situation may have a
great relationship with the distribution of educational re-
sources in China. *e overall subedge layer has not changed
much, while the number of nodes in the edge layer has
increased.

4.4. Spatial Structure of the Network. At the stage of school,
the network space structure showed a “small quadrangular
pyramid structure” with Beijing as the apex and Xi’an,
Wuhan, Shanghai, and Nanjing as the base (Figure 3). *is
structure is not only related to the distribution of national
educational resources but also related to the region itself. For
example, Xi’an is the center of the western region, and
talents in the western region tend to flow to Xi’an. *e talent
flow in the network is mainly concentrated on Shanghai,
Nanjing, Wuhan, Xi’an, Hefei, and other cities. Beijing,
Shanghai, and Guangzhou are major cities with both inflow
and outflow of talent, and in general the inflow is greater
than the outflow. Cities such as Wuhan, Nanjing, Hefei,
Xi’an, Changchun, andHarbin are dominated by the outflow
of talent. *e city pairs with the largest flows are as follows:
Wuhan-Beijing, Nanjing-Beijing, Xi’an-Beijing, Hefei-Bei-
jing, Beijing-Shanghai, and Changchun-Beijing.

During the work stage, the network space structure was
upgraded and expanded, showing a “large quadrangular
pyramid structure” with Beijing as the apex and Xi’an,
Chengdu, Guangzhou (Hong Kong), and the Yangtze River
Delta region (Shanghai, Nanjing) as the base (Figure 3). *e
entire spatial structure expands to the Guangdong, Hong
Kong, and Macao regions in southeastern China. *e city
pairs with the largest flows are as follows: Beijing-Shanghai,
Beijing-Hong Kong, Shanghai-Beijing, Hong Kong-Beijing,

Beijing-Wuhan, and Beijing-Guangzhou. Talents’ choice of
workplace is related to the city in which they were educated.
However, the scope and number of talents flowing during
the work stage is still expanding to the coastal cities in the
southeast.

Comparing the changes in the structure of the talent
mobility network in the two stages, it is found that the
network is expanding to the southeast, and the status of the
city nodes in the southern part of the network is constantly
increasing. Take Guangzhou as an example. In the education
stage, Beijing and Guangzhou are less connected, while the
flow of talent between Beijing and Guangzhou at the work
stage has greatly increased. In recent years, Guangzhou has
continuously introduced policies to attract talent. From 2016
to 2020 alone, Guangzhou has invested a total of 3.5 billion
yuan in finance to focus on cultivating and introducing 500
leading talents in innovation and entrepreneurship. In ad-
dition, 500,000 to 5 million, up to 30 million salary subsidies
will be given to outstanding industrial talent and high-level
talent, and the team of leading entrepreneurs and talents will
be supported in various ways. *e superior talent policy
attracts the continuous inflow of talent. According to the
data in this paper, the current high-level talent in
Guangzhou has reached 291. *e influx of talent can en-
hance Guangzhou’s position in the talent mobility network.
With the exchange, diffusion, and accumulation of knowl-
edge, technology, and information among talents,
Guangzhou’s innovation cooperation and innovation ca-
pabilities will continue to be strengthened, and it can also
enhance the city’s innovation network influence. While the
network is extending to the southeast, the connection
structure between cities in the Northeastern region and
Beijing has been weakening. In particular, Beijing’s ties with
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Changchun have decreased the most. It can be seen that the
Northeast region is unable to retain talent well and is in a
disadvantaged position in the talent mobility network as an
important talent training area.

5. Discussion

Based on China’s HLT flow data, this paper constructs HLT
flow networks in the two stages of school and work, abstracts
the actual flow of talent into an analyzable and operable
digital matrix, and uses complex network analysis methods
to carry out related research and analysis. Comparative
analysis found that the spatial distribution of HLT in China
has a trend of “large dispersion and small aggregation.” *e
gap between the centrality of nodes in the network has
narrowed.*e flow of talents has become more frequent and
complicated. *e core-peripheral structure of the network
has not changed much, and the Matthew effect of the flow of
talents still exists. From a spatial perspective, the talent flow
network has significant spatial heterogeneity and continues
to expand southward.

5.1. Changing Characteristics of the Spatial Distribution of
Talents. As talents moving from the education stage to the
work stage, their spatial distribution shows changed char-
acteristics of “large dispersion and small gathering.” “Large
dispersion” is mainly manifested in the obvious increase in
the number of cities where talents are distributed during the
work stage. Some non-first-tier and nonprovincial capital
cities in the central and western regions are also destinations
for talent choices. HLTare distributed in second- and third-
tier small cities due to the following reasons: first, it is related
to the geographical distribution of work platforms. *e
establishment of some of the top domestic colleges and
universities is affected by historical accumulation, admin-
istrative planning, and other nonmarket factors. *ey are
located in the central and western regions. Second, it has a
greater relationship with national and local policies. When
implementing the policy of attracting talents, the country
will also take efficiency and fairness into account and give
full consideration of the coordinated development of the
region. *e “Outline of the National Medium and Long-
term Talent Development Plan (2010–2020)” proposes to
establish and improve a regional talent exchange and co-
operation mechanism that is compatible with the devel-
opment of the western region, the revitalization of old
industrial bases in the northeast, the rise of the central
region, and the development strategy of the eastern region.
In the process of implementation, localities also attract
talents through flexible methods such as building acade-
mician workstations and setting up part-time professors and
lecture professors. *e third is the balance between life
pressure and personal development space [3]. High housing
prices or living costs are an important obstacle for talents to
stay in developed cities for a long time. *erefore, high-level
talents have shown a trend of spreading across the country.

“Small gathering” is mainly reflected in the fact that
talents are still gathering in a few eastern first-tier cities and

provincial capitals [51–53]. Beijing, Tianjin, and Shanghai
are hot spots for talent distribution [50]. *is is mainly due
to the rapid economic development in the eastern part of
China, as well as the better conditions in scientific research,
education, life, job opportunities, platforms, and prospects
[8, 50, 54, 55]. Provincial capital cities such as Wuhan and
Hefei in the central part also have a number of first-class
universities and scientific research institutes, and there are
more talents who choose to work in central cities [56, 57].
*e western region is far lower than the eastern region in
terms of economic development, employment environment,
and talent introduction policies, which resulted in fewer
talents to work. *is phenomenon also reflects that the
distribution of human resources does not completely overlap
with educational resources. For example, Lanzhou, as a top
talent training city, has 319 talents who choose to go to
Lanzhou University for education, but only 150 talents
choose to work in Lanzhou.

5.2. Bidirectional, Sticky, and Matthew Effect of HLT Flow.
*rough comparative research, it is found that the flow of
HLT between cities in the school stage is agglomerating,
mainly in a few cities such as Beijing and Shanghai. *e flow
of talents at the work stage has a significant bidirectional
characteristic. *at is, some cities are not only the places
where talents flow in but also the places where talents flow
out. *is finding is more consistent with the research results
of Refs. [8, 9], and [15]. From the spatial flow trajectory of
China’s HLT workplaces, we find that the flow of talents is
mainly among Beijing, Shanghai, Hong Kong, and pro-
vincial capital cities. *ese cities are both strong inflow
centers and strong outflow centers. Moreover, these cities
are often developed cities with technology and economy.

*e flow of HLT in China has a strong stickiness. *at is,
where the talents go to school and where they are employed
have a strong consistency. From the talent flow data, it is
known that 1,822 (23.56%) talents’ school locations and
work locations have never changed; 2,569 (33.22%) talents
finally returned to the city where the school is located to
work after experiencing a series of flows.*is result is similar
to the research results of Refs. [51, 58]. Although the types of
talents studied are different, they show a relatively similar
flow trend. *at is, when choosing a working city, it is easier
for talents to choose a city with academic relationships. *e
research of Refs. [6, 17] also found that factors such as
interpersonal relationships established during school and a
high degree of familiarity with the surroundings enhanced
their tendency to find employment near the place of study.
Of course, there are also significant regional differences in
the stickiness of high-level talent flow. Cities with strong
stickiness are mainly located in the southeast coastal area,
the middle and lower reaches of the Yangtze River, and
provincial capital cities. *is result shows the significance of
the overall stickiness of the superior area to the formation of
talent highlands [51].

*e Matthew effect still exists in the flow of HLT in
China. *at is, the more talented places are, the more at-
tractive to talents, and the more talents they can get; the less
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talented places, the less attractive to talents, they will lose
more talents, where are at a disadvantage in the talent
competition [59]. In this study, this effect is mainly man-
ifested in the talent flow network controlled by a small
number of core nodes, and most of the talent flow is still
concentrated in a few core cities. By comparison, it is found
that the core-edge structure of the network in the school
stage and the work stage is very significant and similar. From
education to work, the network nodes at the subcore layer
and the subedge layer have changed significantly. In the
network, the core city Beijing will continue to strengthen
and consolidate its core position by attracting resources
from other levels of the network. In the subcore layer, cities
such as Chengdu, Changsha, and Changchun withdrew,
while cities such as Hangzhou, Tianjin, and Hong Kong
entered. It not only reflects the difference between talents’
preference for education cities and work cities but also
reflects cities at the subcore and subperipheral levels can
continuously strengthen their own investment, enhance
their economic and innovative capabilities, and achieve a
leap to a higher level. *e marginal cities are still in a state of
transporting talents to other levels for a long time due to
their weak strength.

5.3. Spatial Heterogeneity of the HLT Flow Network.
*rough comparative analysis, it is found that the spatial
heterogeneity of China’s HLT flow network at the work stage
is more significant. At the school stage, the flow of talents is
mainly among cities with abundant education resources. At
the work stage, the trend of regional concentration of talent
mobility in China is more obvious. Talents mainly gather in
the Beijing-Tianjin-Hebei, Yangtze River Delta, Wuhan
metropolitan area, Chengdu-Chongqing urban agglomera-
tion, and the Guangdong-Hong Kong-Macao Greater Bay
Area. Among them, the talent flow network is expanding to
the Guangdong-Hong Kong-Macao Greater Bay Area in
southeastern China.With the continuous implementation of
regional development strategies such as the Guangdong-
Hong Kong-Macao Greater Bay Area, it may stimulate the
continued flow of talents to the region. Cities such as
Guangzhou, Shenzhen, and Hong Kong will continue rising
in their roles as talent-absorbing places. Moreover, the
heterogeneity of China’s HLT flow at different stages is also
greatly related to the distribution of the country’s education
and science centers. It can be said that the formation and
transfer of education centers and technology centers will
inevitably be accompanied by the flow of talents. On No-
vember 8, 2020, the Chinese Academy of Social Sciences and
China Times jointly released the “2020 National Central City
Index” report (https://baijiahao.baidu.com/s?id�168275848
0360564512&wfr�spider&for�pc). *e report ranks China’s
education center cities and identifies Beijing, Shanghai,
Nanjing, Xi’an, Wuhan, Guangzhou, Chengdu, and
Changsha as the country’s education center cities. *is
ranking is almost the same as the ranking of cities with HLT
in the school stage, which further proves that high-level
talents are more inclined to flow into cities with rich edu-
cational resources during the education stage. In March

2021, the 14th Five-Year Plan for the National Economic and
Social Development of the People’s Republic of China and
the 2035 long-term goal outline (http://www.gov.cn/xinwen/
2021-03/14/content_5592884.htm) were released, pointing
out to support Beijing, Shanghai, and the Guangdong-Hong
Kong-Macao Greater Bay Area to form an international
science and technology innovation center, and to construct
comprehensive national science centers in Beijing-Huairou
and Shanghai-Zhangjiang, the Greater Bay Area, and Anhui-
Hefei as well as to support the construction of regional
science and technology innovation centers in places where
conditions permit. *e spatial distribution of these tech-
nological innovation centers is very consistent with the
regional concentration of talent flow during the work phase,
which shows that there is a close relationship between the
two.

6. Conclusion

*e flow of talents has always been highly concerned by
scholars and the government. At present, China is in the
most active period of cross-regional flow of HLT. *is re-
search conducted a comparative study on the current status
of China’s HLT flow and its network structure during the
school and work stages, and the following conclusions were
reached.

First, comparative analysis found that the spatial dis-
tribution of HLT in China has a trend of “large dispersion,
small agglomeration.” *e distribution of talents in the
school stage is more consistent with the spatial distribution
characteristics of the country’s educational resources, while
the work stage is mainly concentrated in cities with better
economic development and clusters of innovative platforms
and does not completely coincide with the distribution of
educational resources.

Second, from school to work stage, the flow of talents
becomes more active and the scope of mobility continues to
expand. At the school stage, China’s HLTmainly gather in
cities with rich educational resources such as Beijing and
Shanghai. At the work stage, talents are more inclined to
flow into eastern coastal cities and provincial capitals. In
addition, the flow of talents at the work stage has a sig-
nificant bidirectional characteristic of flow between first-
tier cities or provincial capital cities. At the same time,
some advantageous regions also have strong stickiness to
talents.

*ird, the core-edge structure of the network in the two
stages is significant.*e core layer is Beijing, and the subcore
and subedge layer cities have changed. *e core-edge
structure of the two stages shows relatively similar char-
acteristics. *at is, cities with high economic levels, rich
educational resources, complete innovation infrastructure,
and high-level technology are at the core of the talent flow
network. Most non-first-tier and nonprovincial capital cities
are at the marginal level. Moreover, the Matthew effect of
talent flow has always existed.

Fourth, the spatial structure of the network has been
upgraded and expanded, from the “small quadrangular
pyramid” structure with Beijing as its apex and Xi’an,
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Wuhan, Shanghai, and Nanjing as its base, to Beijing as its
apex, Xi’an, Chengdu, and Guangzhou (Hong Kong), the
Yangtze River Delta (Shanghai, Nanjing) as the base of the
“large quadrangular pyramid” structure. At the work stage,
the flow of talents shows obvious spatial heterogeneity, and
the trend of regional concentration of talents is more
obvious.

From the perspective of urban development, the higher
the position of a city in the talent flow network, the more
talent resources it can attract from the network, as well as the
capital, knowledge, and technology resources that talents can
bring. *e city’s high-level talent matching, overall creative
ability and level, high-end level, and innovation benefits will
directly determine the city’s status in national competition
and industrial division of labor. However, by comparing and
analyzing the characteristics of the talent flow in the two
stages, we find that in cities with weak economic strength,
the educational advantage cannot be transformed into a
technological advantage and an economic advantage, which
will lead to brain drain. In this case, the government needs to
consider reducing the barriers to talent introduction
through more flexible methods such as precise introduction
of talents, flexible introduction of talents (intellectual in-
troduction, academic part-time job, and talent dispatch),
etc., when its own human resources cannot be better re-
served. By strengthening the connection with the human
resources of other cities, forming a cross-regional cooper-
ation network, and using the resource exchange in the
network, these are also ways to minimize the disadvantages
caused by the brain drain.

Based on the growth stage of talents, this paper studies
the spatial distribution and talent flow network of China’s
HLT, trying to enrich the current research on talent mobility
and even talent geography in China. However, this article
still has some shortcomings. In the future, we will continue
to improve relevant theoretical analysis, try to build a
multiscale, multiconnotation regional talent mobility net-
work, and explore the impact of regional talent mobility and
the formation of the network on regional economic and
technological development, so as to provide targeted and
operable policy recommendations for national or regional
talent policies and innovative development.
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