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With the increasing trend of globalization, large-scale and diffuse population flow have become vital carriers characterizing users’
spatial behaviors. Network analysis provides a new perspective to uncover the topology and evolution of the population flow and
understand its influence on regional development. By gathering the Autonavi migration index during the Spring Festival travel
rush (SFTR) in 2019, 2020, and 2021, the population flow networks among 31 cities of urban agglomeration in the middle reaches
of the Yangtze River were constructed to analyze spatiotemporal dynamic characteristics and explore the structure resilience.
Results show that although the changing trends of population flow during the 40-day SFTR of 2019, 2020, and 2021 are consistent,
the population floating scale in 2020 and 2021 shows remarkable abnormalities before and after the Spring Festival due to the need
for prevention and control of COVID-19. -e intensity of population floating of the regional urban network in 2020 was the
weakest, and Changsha became the focus of most population flow, whileWuhan was the most advantageous city in 2019 and 2021.
As the third core city in the regional network, the siphon effect of Nanchang was still weak. A situation of tripartite confrontation
in the region is formed. However, the higher intensity of population flow in 2021 increased the instability of the regional urban
network, potentially exposing the region to higher risks and pressures. -erefore, it is necessary to pay more attention to the
peripheral cities to improve regional resilience.

1. Introduction

With the increasing trend of globalization and the pro-
motion of technology, the improvement in high-speed
connection infrastructures (aviation, high-speed rail, tele-
communications, Internet, etc.) has strengthened the con-
nections between cities. -e hierarchical space of cities
dominated by administrative divisions tends to change into
the functional space of the relational network. Especially in
the recent years, with the rapid development of society and
economy, the connections among cities tend to be com-
plicated and diversified, and the dynamic urban network in
economy, technology, and information-driven by pop-
ulation flow has become a hot research topic. -e “space of

flows” theory proposed by Castells [1] can describe vividly
the phenomenon of spatial connection in city networks. -e
urban network is usually represented by a network diagram,
which is composed of nodes and links (edges). In a regional
urban network, nodes and links correspond to cities and
connections between cities, respectively. Flow elements,
population flow, information flow, capital flow, technology
flow, etc., gradually get rid of the limitation of geographical
space, and communicate and propagate in larger regions.
With the rise of flow space theory, regional urban networks
were constructed based on the data of various resource flows
among cities, and the special characteristics of their spatial
structure were studied, which provide scientific support for
the strategies of regional development.
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As one of the largest and most far-reaching geographic
processes since China’s reform and opening up, population
migration, which is an important carrier of flow elements
among cities, is regarded as an activity in which essential
productive factors are reconfigured in space [2, 3]. -e
Chinese Lunar New Year, the Spring Festival, is the most
celebratory time of the year in China, during which a
massive human migration takes place as individuals travel
back to their hometowns [4]. China’s Spring Festival travel
rush (SFTR) is described as rarely seen population floating in
the world and is the largest and periodically floating pop-
ulation in human history due to the particularity of its
population flow scale. National Development and Reform
Commission of China stated that the annual spring mi-
gration (called Chunyun in China) often lasts for 40 days.
During the SFTR in 2019, 2020, and 2021 (from January 21,
2019 toMarch 1, 2019; from January 10, 2020 to February 18,
2020; from January 28, 2021 to March 8, 2021), there had
been about 3 billion, slightly higher than 3 billion, and 1.7
billion passengers between urban and rural areas, respec-
tively. -e large-scale and diffuse population flow promotes
the reaggregation and diffusion of social and economic
factors to some extent. Meanwhile, it is, however, a challenge
and examination to the transportation infrastructure sys-
tems [5].

It is generally known that the Corona Virus Disease 2019
(COVID-19) was first identified and reported in Wuhan of
China, the capital city of Hubei province with 11 million
inhabitants and themost significant transport hub in Central
China [6]. Due to its characteristics of person-to-person
contact, extensive population flow has substantially in-
creased social contacts in public, which caused COVID-19 to
reach essentially everywhere [7]. On December 31, 2019,
before the Chinese Lunar New Year (began on January 24,
2020), about 5 million people left Wuhan [7]. Further spatial
spread of COIVD-19 was of great concern because of the
upcoming Spring Festival Holiday (from January 24, 2020 to
January 31, 2020). To control the rapid spread of COVID-19,
Chinese government ordered lockdown policies in late
January 2020 [8]. Particularly in Wuhan, where the largest
number of infected people live, the Municipal Government
completely closed the city on January 23, 2020. Nevertheless,
the global multipoint outbreak of COVID-19 has evolved
from a public health emergency into a nontraditional di-
saster. It directly exposes that without the support of a solid
healthy and safe urban development environment, the urban
prosperity and vitality may strengthen the vulnerability of
the city, and even cause short-term “shock” and long-term
“sequelae” of the city. Additionally, in the process of coping
with the COVID-19, China’s highly effective coordination
mechanism among cities, nodes control of urban traffic
network, construction of interregional public health net-
works, and regional coordinated production of antiepidemic
materials, to a certain extent, reflect the coordinated co-
operation among cities in response to disasters and crises,
which will form a benign network synergy effect. -erefore,
faced with long-term chronic pressures and short-term
impacts, the underlying questions are how to investigate
spatiotemporal characteristics of population mobility

networks and how to measure the capacity of regional
resilience.

Regional resilience is a rising concept in international
research fields. It is usually measured by urban network
structure resilience, focusing on the capacity of a city system
to restore, maintain, or improve the original network
characteristics and important functions in response to re-
gional shocks [9]. With the acceleration of the process of
urbanization, the uncertainties and unknown risks facing
urban systems are also increasing [10]. Especially in the
recent years, the sustainable development of cities has been
seriously threatened by natural disasters, human disasters,
the economy, the environment, safety, transportation, and
society, which directly affect the life safety and quality of life
of urban residents. In these cases, a system can fail, leading to
a major reduction or complete loss in performance with
respect to some or all measures. Moreover, if the function of
a city fails, other cities in the region may no longer operate
normally, but consider and select new connection objects.
Accordingly, the pressures of other cities will increase, which
bring some challenges to the sustainable development of
regions. As a typical embodiment of regional spatial char-
acteristics, the urban network structure has an impact on
regional sensitivity to shocks, adaptability, and the ability to
develop new growth paths [11]. Since Holling (1973) [12]
first introduced the concept of resilience into ecosystem
studies, it has been routinely used in research in disciplines
ranging from environmental research to materials science
and engineering, psychology, sociology, and economics
[13, 14]. Recent studies have shown that the concept and
definition of resilience can also be applied to regional
networks [15]. In previous studies on the resilience of re-
gional networks, some scholars focused on the resilience
characteristics of finance networks [16], infrastructure
networks [17], transport networks [18, 19], and so forth.
Although still gathering momentum, the previous studies
mainly focus on theoretical exploration [20]. However, in
the face of external shocks, especially against the backdrop of
the enormous negative impact of the COVID-19 on the
global economy, the assessment of the resilience of the urban
network structure is of great and far-reaching significance to
enhance urban abilities to prevent system failures and to
make contingency plans and promote the high quality and
sustainable development of the region.

As the main carrier of flow elements, intercity pop-
ulation migration pushes the rapid flow and optimization of
production factors within a region. -erefore, urban pop-
ulation migration networks based on geospatial “flow data”
have attracted increasing attention of scholars in the recent
years. Some earlier studies mainly used static data, such as
census data and population sampling survey data, which
cannot reveal the increasingly complex interaction between
cities from the perspective of space of flows [21]. As mobile
Internet has found its way into people’s everyday life, the
global positioning system (GPS), location-based services
(LBSs), and location sharing services are increasingly used to
discover the geographic locations of users and their indi-
vidual preferences, travel routes, activity trails, and social
networks, thereby elucidating their daily spatiotemporal
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behavior [3]. LBSs can provide accurate information such as
starting points, ending points, and even individual spatial
trajectories. -e association between regional entities can be
visualized as a variety of practical measurable association
flows. Accordingly, related studies based on various big data
are in full swings, such as microblog check-in [22], Tencent
migration [3], Baidumigration data [23], and Facebook [24].
From the point of view of the research time-period, many
studies took the public holidays as examples, such as China’s
Spring Festival, the National Day, and the Mid-Autumn
Festival travel rush, the daily time-period was also involved
[3, 22, 25, 26]. In addition, the research contents have in-
cluded population flow intensity, scale, spatial distribution,
travel pattern, etc. -e spatial scale of related researches has
involved from global to local cities. Overall, multiperspective
and multiscale research on population flow networks is
becoming an important way to understand the complex and
dynamic spatial relationships between cities based on LBS
data. However, the existing literature on population flow
networks is mostly focused on a certain year, lacking vertical
comparison from the perspective of evolution. Second, al-
though directed weighted population flow networks were
constructed, the directionality of population flow has been
neglected in the analysis process, thereby leading to the
underestimation or overestimation of the asymmetric re-
lationship between urban nodes.-e above illustrates that in
the era of big data with rapid urban developments, the spatial
patterns and scale characteristics of urban networks have
already changed from static to complex spatiotemporal
dynamics. -erefore, it is necessary to study the dynamic
pattern characteristics of urban networks and their resilience
based on spatiotemporal big data. In addition, Autonavi
Map (AMap) application records population flow routes
using its LBS device in real-time, dynamically, completely,
and systematically, producing Autonavi migration big data.
-e available data period is from June 2018 to present, which
makes it possible to characterize the population flow during
the SFTR in different periods.

From the national strategy to promote the Yangtze River
Economic Belt, urban agglomeration in the middle reaches
of the Yangtze River plays a vital role in China’s regional
development pattern because it is an important support to
promote the coordinated development of the Yangtze River
Economic Belt. Moreover, Wuhan, a core city of the urban
agglomeration, served as the high-risk area for the outbreaks
of COVID-19 during the SFTR in 2020. -e large-scale
population flow among regional cities, especially within the
urban agglomeration, further exacerbated the spread of
COVID-19. It is, therefore, necessary to clearly understand
the population flow between cities within the region, de-
termine its spatiotemporal characteristics, and measure its
network structure resilience. Taking 31 cities of the urban
agglomeration in the middle reaches of Yangtze River as the
research subjects, through gathering the Autonavi migration
big data during the SFTR in 2019, 2020, and 2021, the
spatiotemporal complex characteristics of the urban net-
work of urban agglomeration in the middle reaches of the
Yangtze River are revealed herein from the perspective of
population flow. -en, the structural resilience of the

regional urban networks is estimated when perturbations or
major events occurred. Furthermore, it is expected to put
forward specific strategies and suggestions in combination
with the research conclusions to promote the region for
further development. -is study not only provides a new
research perspective and methodological reference for re-
search on urban networks, but also contributes to further
regional coordination and sustainable development.

2. Study Area

-e urban agglomeration in the middle reaches of the
Yangtze River, also known as the “Triangle of Central
China”, is a super large national urban agglomeration lo-
cated in the middle reaches of the Yangtze River, mainly
formed by the Wuhan metropolitan area, Changsha-
Zhuzhou-Xiangtan city group, and Poyang Lake city group.
In this study, 31 cities defined in the development plan of
urban agglomeration in the middle reaches of the Yangtze
River issued by the National Development and Reform
Commission in April 2015 were selected as the research
objects (Figure 1). Specifically, the study area includes 13
cities in the Hubei province (Wuhan, Huangshi, Ezhou,
Huanggang, Xiaogan, Xianning, Xiantao, Qianjiang, Tian-
men, Xiangyang, Yichang, Jingzhou, and Jingmen), 8 cities
in the Hunan province (Changsha, Zhuzhou, Xiangtan,
Yueyang, Yiyang, Changde, Hengyang, and Loudi), and 10
cities in the Jiangxi province (Nanchang, Jiujiang, Jing-
dezhen, Yingtan, Xinyu, Yichun, Pingxiang, Shangrao,
Fuzhou, and Ji’an), which covers a total area of approxi-
mately 31.7×104 km2. Among them,Wuhan, Changsha, and
Nanchang, on the one hand, as provincial capitals, lead the
social and economic development of the Wuhan metro-
politan area, Changsha-Zhuzhou-Xiangtan city group, and
Poyang Lake city group, respectively. On the other hand, the
three core cities of the urban agglomeration form a “tri-
partite confrontation” spatial structure and play important
dispersion and aggregation functions in the region. At the
end of 2019, the regional GDP was 9.3833 trillion yuan, and
the total resident population was 130.6491 million. As an
important part of the Yangtze River Economic Belt, the
urban agglomeration in the middle reaches of the Yangtze
River not only connect the eastern and western regions,
connect the South and the North, but also are the central
area to implement the strategy of promoting the rise of the
central region, comprehensively deepening the reform and
opening up and promoting the new urbanization. What’s
more, the urban agglomeration is positioned as a new
growth pole for China’s economy, a leading area for new
urbanization in the central and western regions, a dem-
onstration area for inland open cooperation, and a leading
area for “two oriented” social construction. -erefore, it
plays an important role in China’s regional development
pattern.

3. Data and Methods

3.1. Data Sources. Taking 31 cities of the urban agglomer-
ation in the middle reaches of the Yangtze River as examples,
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through gathering the Autonavi migration index during the
Spring Festival travel rush in 2019, 2020, and 2021, the
intercity population migration networks within the urban
agglomeration are constructed to analyze spatiotemporal
characteristics and resilience changes. -e data analyzed in
this study, Autonavi migration index, were derived from
traffic big data provided by the Autonavi Company, one of
the solution providers of digital map, navigation, and lo-
cation service in China. According to statistics from the 2021
China Mobile Internet Development Report, as of the end of
2020, the number of monthly active users of Amap reached
555.86 million, while the Baidu map ranked second with
434.73 million users (https://www.questmobile.com.cn/
research/report-new/143). -at is, the Amap service
ranked first among the travel service apps (Baidu Map, Didi
Chuxing, and Tencent Map). Autonavi migration data,
similar to Tencent migration and Baidu migration data,

represents the index of population migration between cities,
which is obtained by the number of migrants in each city and
the total number of migrants in China. Each record of
Autonavi migration data is mainly composed of four fields:
source city, target city, actual migration index, and migra-
tion willingness index. -e actual migration index is the
record after completing the travel purpose from one city to
another via Autonavi navigation service in Amap, which, to
a large extent, represents the population travel on the
highway. -e migration willingness index refers to the be-
havior of searching target places and then planning driving
routes via Autonavi navigation, that is, people’s travel desire,
rather than the real migration behavior. -rough screening
and cleaning the data for 120 days during the SFTR in 2019
(from January 21 to March 1, 2019), 2020 (from January 10
to February 18, 2020), and 2021 (from January 28 to March
8, 2021), the available data of three periods are obtained.
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Figure 1: Study area: (a) spatial distribution of resident population; (b) the position of the study area in the Yangtze River Basin and China.
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3.2. Methods

3.2.1. Construction of Population Flow Network.
According to the complex network theory, regarding
cities and connection between cities as nodes and edges,
respectively, the population flow network among 31 cities
was described. A directional weighted matrix L � (Lij) was
used to characterize the flow of the population during
one day, where the Lij is the population flow intensity
from city i to city j. -en, 40 × 3 directed weighted
asymmetric matrices of 31 × 31 were constructed based
on Autonavi migration data. -e matric can be expressed
as follows [3]:

j1
i1

i2

i(n–1)

in

j2 jnj(n–1)

0 L12

L =

L1nL1(n–1)

L21 0 L2nL2(n–1)

L1(n–1) L2(n–1) Ln(n–1)0

L1n L2n 0Ln(n–1)

(1)

3.2.2. Social Network Analysis Methods

(1) Weighted degree. -e weighted degree represents
the sum of the weights of the arcs connected with a
city node, the larger the value, the stronger the
connection between cities. In a directional
weighted network, the weighted degree of a node is
the sum of the weighted out-degree and the
weighted in-degree of the one. Weighted out-de-
gree measures the total population flow intensity
from city node i, while weighted in-degree mea-
sures the total population flow intensity to node i.
-e formula is as follows:

Wi � W
in
i + W

out
i , (2)

where Wi is the weighted degree of city i, Win
i is the

weighted in-degree of city i, and Wout
i is the weighted

out-degree of city i.

(2) Node symmetry. Node symmetry is used to de-
scribe the difference reflected by the in-degree and
out-degree of every node [27]. However, the
number relationship of intercity migration cannot
be well reflected only by the in-degree and out-
degree. -erefore, this study introduced the
population flow intensity of the directed weighted
network to calculate the node symmetry index
(NSI) and then judge whether the city node is the
receiver or the sender. -e formula of NSI of the
city node i is as follows:

NSIi �
W

in
i − W

out
i

W
in
i + W

out
i

. (3)

(3) Clustering coefficient. -e clustering coefficient is
used to describe the interconnection level of nodes
[28]. When certain nodes are closely connected, they
can form a network cluster.-e formula of clustering
coefficient is as follows [25]:

Ci �
2Bi

mi mi − 1( 
, (4)

where Ci is the clustering coefficient and Bi is the
number of paths between the node and the neigh-
boring nodes of mi.

(4) PageRank algorithm. PageRank algorithm is orig-
inally used to evaluate the rank of a web page
through the complicated hyperlink relationships
in a network [29], revealing the importance of a
particular web page relative to other web pages in
the network. It is used herein to measure the
criticality of city nodes in the population flow
network. -e calculation equation of the PR value
of node i is as follows [30]:

PR pi(  �
1 − d

N
+ d 

pj∈M(i)

PR pj 

L(j)
, (5)

where N is the number of all nodes, d is the damping co-
efficient (a value between zero and one), M(i) is the set of
nodes connected to node i and out of the chain (in-degree),
and L(j) is the number of nodes connected by node j to the
outside (out-degree).

3.2.3. Assessment of Network Structure Resilience.
Network structure resilience refers to the ability of the
network system to respond to sudden external shocks and
disturbances. For the urban network system, the inter-
ference to a certain urban node may lead to the domino
effect, thereby affecting the partial cascading of the net-
work [31]. -e resilience of the network structure herein is
measured by the response of network after node failure
and node attack. Node failure mainly considers the impact
of natural disasters on different urban nodes, such as
mud-rock flow, snowstorm, haze, etc. -e resilience of the
urban network structure in the face of interference is
observed via removing the city nodes in turn. Node attack
mainly considers the impact of man-made damages, such
as terrorist attacks, military conflicts, or other artificial
forces, remove nodes in the descending rank of node
criticality (PR value), simulating the nodes fail from the
most “important” ones [17]. Both strategies assume that
the node will fail immediately after removal, and all edges
are directly connected to the node will also be removed.

Network efficiency is a physical quantity used to describe
the diffusion ability of elements among the networks, which
is generally evaluated by path-related indicators of the
network. In a network with high network efficiency, the
propagation and exchange of elements between nodes can be
realized more quickly, which is conducive to promoting the
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learning, innovation, and communication among nodes,
and can enhance the resistance of the network to external
shocks so that the network has a higher resilience. -e
network efficiency (E) has been widely regarded as an im-
portant metric to measure the network response [32, 33]; the
larger the value, the better the performance of the network.
-e changes to its value indicate changes in global efficiency
due to disturbances. For the directional weighted network,
the formula is as follows:

E �
1

N(N − 1)


i≠j∈G

1
Dij

× AWij, (6)

whereDij is the shortest path length from urban node i to j,N
is the number of urban nodes in the network, and G is the set
of urban nodes in the network after removing a certain node,
AWij is the average weighted degree of the edges in the
shortest path from node i to node j.

4. Results

4.1. Characteristics of Population Migration during SFTR.
To analyze the characteristics of population migration of
urban agglomeration in the middle reaches of Yangtze River
during SFTR, a time-sequential distribution chart of the
daily summary (average) migration scale during the SFTR in
2019, 2020, and 2021 was produced (Figure 2). Figure 2
shows the following characteristics of the population flow.
First, in a year, the changing trend of migration willingness
and actual migration scale is basically consistent during the
study period, and the migration willingness scale is always
higher than the actual migration scale. Second, themigration
willingness and actual migration index before the Spring
Festival (the 16th day) shows a trend of first increase and
then decrease. Due to the influence of the prevention and
control policies of COVID-19, the people migration scale in
2020 and 2019 is higher than that in 2021. In addition,
compared with 2019, the peak of population migration
before the Spring Festival in 2020 and 2021 is slightly
delayed. -ird, due to the particularity of COVID-19, to
prevent COVID-19 from rapidly spreading with population
movements, the Wuhan Municipal Government completely
closed the city at 10 : 00 a.m. on January 23, 2020 (the 14th
day). Nevertheless, approximately 5 million people still left
Wuhan [34]. -erefore, the migration willingness and actual
migration index after the Spring Festival (the 16th day) in
2020 show a downward trend, which is far lower than the
migration level in the same period in 2019 and 2021. With
the effective prevention and control of COVID-19, the
population migration after the Spring Festival in 2021 shows
a rapid increasing trend compared to that before the year.
On the last day of the Spring Festival Holiday (the 21st day),
the population migration scale of the study area in 2021
exceeds that in 2019, and reaches the largest scale of people
migration during SFTR. As the last traditional festival during
SFTR, the Lantern Festival also ushered in a small peak of
population flow. Since then, the population transportation
of SFTR has gradually come to an end.

4.2. Spatiotemporal Characteristics of Population Flow
Networks

4.2.1. Spatiotemporal Patterns of Popular Flow Networks.
With the help of ArcGIS software, the population flow
networks were visualized based on the summarized direc-
tional weighted matrix of population flow intensity. -e
overall spatiotemporal pattern of population flow networks
of urban agglomeration during the SFTR in the middle
reaches of Yangtze River is presented in Figure 3. Mean-
while, the populationmigration intensity is divided into four
levels, the higher the level, the stronger the population
migration scale between cities.

Figure 3(a) shows the spatial pattern of the population
flow network in 2019. From the results of the grading map,
population flow between cities in the first level (81–177)
mainly revolves around 12 routes around Wuhan, Chang-
sha, and Nanchang, showing a characteristic of large-scale
and basically symmetrical population migration between
neighboring cities. -e spatial pattern of the second level
(41–80) still presents a central radial structure, which to
some extent is a complement of the surrounding cities of the
first level. Only the Changsha–Zhuzhou–Xiangtan city
group shows the population flow across city space. In ad-
dition, it is found that there is a relatively strong connection
between Xiangtan and Zhuzhou, and no major core cities
were involved. -e third level (10–40) mainly reflects the
interaction among cities around the core cities, character-
ized by more in the northwest and less in the southeast. -e
fourth level (<10) accounts for about 84% of all routes,
indicating that the intensity of population flow across region
space in most cities is still weak.

-e spatial pattern of the population flow network in
2020 (Figure 3(b)) indicates that the population flow routes
of the first three levels are extremely sparse. -e number of
routes is 3, 12, and 68, respectively. -e routes in the first
level are only Wuhan–Xiaogan, Xiangtan–Changsha, and
Changsha–Yiyang. As the core city of the Poyang Lake city
group, Nanchang only appears in the second level, and the
connection with Yiyang is relatively weak. -e rest of the
population flow connections also correspond to the first level
in 2019. It indicates that the outbreak of COVID-19 in
Wuhan had a serious impact not only on Wuhan and its
surrounding cities but also on the closely linked cities within
the urban agglomeration. Although there are population
flow routes across region space in the third level, the number
is few. For instance, Huanggang–Jiujiang, Jingzhou-
–Yueyang, and Changde–Jingzhou. -e population flow
routes in the fourth level have a relatively large scale, ac-
counting for about 90% of all routes. -is illustrates that
during the epidemic in Wuhan, the closure policy had a
greater impact on all cities within the urban agglomeration,
causing an attenuation on the Spring Festival travel rush in
China.

-e population flow network during the SFTR in 2021 is
shown in Figure 3(c) with levels 1 to 3 including 16, 23, and
103 routes, respectively. Compared with that of 2019, its
population migration intensity has increased; on the other
hand, both Wuhan and Nanchang are joined by new urban
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nodes at the first level, such as Ezhou and Jiujiang. In the
second level, the population flow routes around Poyang Lake
city group have increased significantly, which are reflected in
Yingtan and Fuzhou. -ere are no significant differences in
the third level of the population flow networks in 2019 and
2021. Surprisingly, the number of the routes in the fourth
level is almost the same as in 2019 and 2021.

From the perspective of the urban agglomeration in the
middle reaches of the Yangtze River, there are 930 routes in
each population flow network during the three periods, that
is, the population flow networks are all strongly connected
graphs. However, the intensity of population flow during
the SFTR in 2019, 2020, and 2021 is quite different. -e
maximum migration scale of the population flow network
during the SFTR from 2019 to 2021 is 177, 87, and 213,
respectively. Correspondingly, the average migration scale
of each route is 6.18, 3.68, and 6.90, respectively. In addi-
tion, the spatial distribution of population flow during the
SFTR in the urban agglomeration also shows temporal and
spatial differences. In general, the networks present a spatial
distribution pattern of “dense on the northwestern side and
sparse on the southeastern side”. Polycentricity is a
prominent feature of the region. Specifically, the population
flow between core cities (Wuhan, Changsha, and Nan-
chang) is relatively weak. In the first and second levels, no

corridors connecting the three suburban groups are formed.
-e population migration intensity between Wuhan and
Changsha during the SFTR in 2019 and 2021 is only at the
third level. What’s worse, its connection is weaker in 2020,
only at the fourth level. Second, the population flow con-
nections are mainly gathered on the northwestern side,
between the Wuhan metropolitan area and the Chang-
sha–Zhuzhou–Xiangtan city group, which is the main
driving force for the development of the region. Only in
2020, due to the quarantine of Wuhan, the connection
between them tends to weaken. In comparison, the inter-
action between the Poyang Lake city group on the southeast
side and other regions is weaker, especially in 2020. Nev-
ertheless, the results of their urban cluster structure reveal
that the population flow networks of three periods sur-
prisingly have the same urban cluster structure. -at is, 13
cities in the Hubei province form cluster 0, 8 cities in the
Hunan province form cluster 1, and 10 cities in the Jiangxi
province form cluster 2. -e cluster structure in different
periods is completely consistent with the provincial
boundary, indicating that there is an obvious provincial
boundary segmentation effect on the urban agglomeration,
which makes the population flow elements within the urban
agglomeration focus only on the interior of provinces, and
the integration level of the region is relatively low.
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Figure 2: -e population migration scale of the study area during the SFTR: (a) daily summary migration scale; (b) daily average migration
scale. Blue, red, and yellow segments represent 2019, 2020, and 2021, respectively. -e box and inverted triangle represent the migration
willingness and the actual migration scale, respectively.

Complexity 7



Migration scale

81 ~ 177
41 ~ 80
10 ~ 40
< 10

City cluster
0
1
2

0 60 120 km

N

(a)

Migration scale

81 ~ 87
41 ~ 80
10 ~ 40
< 10

City cluster
0
1
2

0 60 120 km

N

(b)

Migration scale

81 ~ 213
41 ~ 80
10 ~ 40
< 10

City cluster
0
1
2

0 60 120 km

N

(c)
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4.2.2. Popular Migration Routes of the Study Period. By
drawing the actual migration index and the migration
willingness index, the popular migration routes (Figure 4)
during the three periods of SFTR were obtained.-e popular
migration routes in 2019 are Xiaogan–Wuhan,
Wuhan–Xiaogan, Xiangtan–Changsha, Huang-
gang–Wuhan, Wuhan–Huanggang, Yiyang–Changsha, and
Changsha–Xiangtan. In 2020, the routes are Xiangtan–
Changsha, Wuhan–Xiaogan, Changsha–Yiyang, Chang-
sha–Yueyang, Xiaogan–Wuhan, Changsha–Xiangtan, and
Wuhan–Huanggang. In 2021, the routes are Xiao-
gan–Wuhan, Xiangtan–Changsha, Wuhan–Xiaogan,
Yiyang–Changsha, Wuhan–Huanggang, Huang-
gang–Wuhan, and Changsha–Xiangtan.

Combined with the popular flow networks (Figure 3), we
can see clearly that the most popular migration routes in
2019 mainly focus on Wuhan, involving the nearest cities
Xiaogan and Huanggang. -en, the routes are Xiangtan and
Yiyang to Changsha. -ey reflect the migration effect from
surrounding cities to core cities. During the SFTR in 2020,
under the influence of COVID-19, the popular migration
routes in the study area have changed greatly compared with
that in 2019. As a subcore city, Changsha has become the
dominant city of population migration. In addition, it is
characterized by the popular migration from the core city to
the surrounding cities. Popular migration routes in 2021 are
similar to those in 2019, mainly centered around the two
core cities of Wuhan and Changsha, and the difference is
mainly reflected that the population migration intensity in
2021 is higher than that in 2019.

4.2.3. Dominant Flow and Node Symmetry. By extracting
the dominant flow (maximum inflow or outflow) data of
each city in the urban agglomeration, the population flow
paths of the dominant flow during the period of SFTR were
drawn.-e results are expressed in the form of curves, whose
colors represent different city clusters (Figure 5). In addition,
in order to analyze the characteristics of urban population
inflow and outflow more concretely and intuitively, we
overlay the results of the node symmetry index with the
dominant flow. According to the results of the node sym-
metry index, the city nodes were divided into four types,
such as strong outflow, weak outflow, weak inflow, and
strong inflow nodes.

From the dominant flow and city clusters, the number of
city clusters of population dominant flow in the SFTR pe-
riods of 2019, 2020, and 2021 in the study area is 4, 5, and 3,
respectively. -ere are different structures of city clusters
corresponding to each period, among which 2019 and 2021
are more similar, showing a stronger clustering degree of
2021 than that of 2019. Specifically reflected as follows: for
cluster 0, 13 cities in Hubei province not only have the same
clustering characteristics but also have the same direction of
population dominant flow in 2019 and 2021. However, the
cluster was divided into three smaller city clusters (clusters 0,
3, and 4) in 2020 (Figure 5(b)). In addition, Jingmen,
Jingzhou, Xiangyang, and Tianmen, which are used to taking
Wuhan as the first inflow city, changed their inflow targets to

the adjacent marginal cities. For cluster 1, the structure of
population dominant flow in 2019 and 2021 is the same.
Pingxiang, which belongs to cluster 2 in 2019 and 2021, had
been attracted to cluster 1 with Changsha as the core in 2020.
Besides, the dominant flow city in Changsha changed from
Xiangtan to Yiyang. For cluster 2, although the three periods
have different characteristics, on the whole, the changing
trend is from weak to strong. In 2019, cluster 2 has not yet
been merged with cluster 3 on the edge of the urban ag-
glomeration. However, as the dominant flow city in
Shangrao changed from Jingdezhen to Nanchang and the
dominant flow city in Pingxiang changed from Changsha to
Yichun, 10 cities in the Jiangxi Province (city groups around
Poyang Lake) within the urban agglomeration formed a
larger city cluster. -erefore, there were only three urban
clusters in 2021, and they were relatively complete bound-
aries divided by provincial regions.

Node symmetry describes the difference between the
population inflow and outflow interactions for every city
node. -e outflow nodes are the nodes with a negative node
symmetry index. -ey are more important as senders in the
population flow network. According to the negative value,
they were divided into two types: strong outflow and weak
outflow nodes. Correspondingly, the inflow nodes, including
strong inflow and weak inflow nodes whose node symmetry
index is positive, are primarily receivers in the network.

From the perspective of the node types (Figure 5), the
strong outflow nodes mainly distribute around the core
cities (Wuhan, Changsha, and Nanchang). -e spatial dis-
tribution of the three periods is slightly different. As far as
Wuhan metropolitan area is concerned, there are only two
strong outflow cities (Xiantao and Ezhou) in 2019, all weak
outflow and inflow cities in 2020, and three strong outflow
cities (Xiantao, Ezhou, and Xiaogan) in 2021. Consequently,
Wuhan has changed from a weak inflow node in 2019 to a
strong inflow node in 2021. As a strong inflow city in 2019
and 2021, Changsha changed its direction and became a
weak inflow node in 2020. Although Nanchang is known for
its weak inflow, it turned around in 2020 and became a weak
outflow node. Some weak outflow cities in 2019, such as
Jingmen, Xianning, Yueyang, and Loudi, became weak in-
flow nodes in 2020, but quickly returned to the state of 2019
in 2021. In addition, there are some from weak to strong
outflow cities such as Xiaogan, Qianjiang, and Yiyang, as
well as inflow cities such as Wuhan and Pingxiang.

To sum up, the population flow of most urban nodes
presents asymmetric characteristics during the SFTR in the
study area. -e core cities gradually show the characteristics
of inflow from weak to strong, while its neighboring cities
show the phenomenon of a strong outflow. -is indicates
that during the period of SFTR, the provincial capital cities
still play a powerful central collection role. -ey are not only
the travel targets of the surrounding cities, but also the
destinations of the marginal cities.

4.3. Node Criticality. To estimate the importance of city
nodes, on the premise of considering the intensity of
population flow, the PageRank algorithm was applied to
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calculate the PR values of cities in the population flow
networks, with the damping coefficient set to 0.85. -e
higher the PR of a city, the higher status in the network and
the more critical the city node is, accordingly. -e PR values
of city nodes during the SFTR in the study area were divided
into five different levels via Natural Breaks, which can be
shown in Figure 6. -e nodes with higher PR values are
mainly concentrated in the provincial capital cities. Al-
though Nanchang jumped to the first level in 2021 because of
its higher PR value (0.63), it still lags far behind Wuhan
(0.11) and Changsha (0.10), which reveals that Nanchang,
the core leading city of the Poyang Lake urban group, is
emerging and is expected to form a tripartite confrontation
with Wuhan and Changsha in the urban agglomeration.
Jingzhou, as a city with a strong inflow of population in 2019
and 2020, has its status improved significantly in 2020. Six
cities in its surroundings also rose in statuses, such as the
three cities Changde, Yiyang, and Yueyang, from the third to
the second level, while Xiangyang, Jingmen, and Yichang
rose from the fourth to the third level. In the normal years of

2019 and 2021, the cities with a second-level and third-level
PR value are mainly distributed around and between capital
cities, which are bridges for the communication of pop-
ulation elements between capital cities. -e cities with a low
PR value are some marginal cities, such as Fuzhou, Ji’an,
Hengyang, Loudi, Changde, Yichang, etc. For the cities with
a lower PR value, such as Pingxiang, Xinyu, Yingtan,
Tianmen, Qianjiang, etc., due to the small number of per-
manent residents, they have no advantages in the population
flow network, thereby having the lowest status of cities.

4.4. Resilience Analysis of Urban Network Structure

4.4.1. Network Response to Node Failure. As a kind of
network disruption, the failure of an urban node may be the
loss of city caused by disaster; for example, Wuhan was
quarantined from January 23 to April 8, 2020 because of the
person-to-person transmission characteristic of COVID-19.
To reflect the impact of disasters that different urban nodes
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interrupted on regional networks, we conducted, respec-
tively, simulation failures on 31 urban nodes in the networks.
Network response is expressed by the network efficiency, the

higher the value, the better the transmission performance of
the network. -e changes in network efficiency are shown in
Figure 7. Obviously, there are significant differences in the
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Figure 5: Dominant flow and node type distributions: (a) 2019; (b) 2020, and (c) 2021.-e colors of lines represent the different city clusters.
-e blue and red nodes express population outflow and inflow, respectively. -e size of nodes shows the degree of node symmetry: large
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structural resilience of the population flow networks during
the SFTR in the study area. From the overall network ef-
ficiency after urban node failures, the result of 2021
(11.05–14.50) is slightly higher than that in 2019

(10.27–13.00), far higher than that in 2020 (6.28–8.24), re-
vealing that after a severe epidemic, the propagation effi-
ciency of the population flow networks in 2021 has been
improved, and has exceeded that in 2019. However, in 2020,
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Figure 6: Spatial distribution of the PageRank value: (a) 2019; (b) 2020, and (c) 2021. -e color from blue to red represents the different
levels from low to high of PageRank.
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the transmission efficiency of the population flow network is
at a low point, which reflects the fragility of the network
structure.

It is worth noting that after the failures in Changsha or
Wuhan in 2019, the response of population transportation
networks is almost the same, illustrating that the two pri-
mary core hub cities in the study area have relatively equal
contributions to the Spring Festival travel rush. Obviously,
because of the disturbance of Wuhan and travel restrictions
in 2020, the overall network efficiency has reduced.
Changsha has become the leading city of the urban ag-
glomeration and has taken on the responsibility of pop-
ulation transportation. In addition, the response of the
network to Xiaogan or Huanggang failures is insensitive
because of urgent travel constraints caused by the rising
number of patients with infection, while Zhuzhou, Yueyang,
Yiyang, Changde, Hengyang, and Loudi within the
Changsha–Zhuzhou–Xiangtan city group have a significant
increase in the impact on the resilience of the network
structure, because they are far away from the areas seriously
affected by COVID-19. Nanchang, however, as the third core
city of the study area, as well as the third city that affects the
resilience of network structure in each period, still has not
been prominent in the overall network. In other words,
during the SFTR in 2020, theWuhanmetropolitan area has a
serious disturbance on the population flow, which made the

population flow barycenter in the urban agglomeration
more inclined to the Changsha–Zhuzhou–Xiangtan city
group, thereby increasing the pressure of epidemic pre-
vention and control in the Hunan province. However, be-
cause of its lower level in the population flow network, the
Poyang Lake city group does not play an obvious role in
population diversion, thus the pressure of epidemic pre-
vention and control is relatively small.

-e first five cities in 2021 that affect the structural
resilience of the population flow network are consistent with
those in 2019, namely, Changsha, Wuhan, Nanchang,
Xiangtan, and Xiaogan. Moreover, the impact of failures of
the four cities, Zhuzhou, Yichun, Huangshi, and Ezhou, on
the resilience of the network structure has been significantly
enhanced due to their strong interaction with the core cities
in the subregion. On the contrary, there are some cities
whose population collection and distribution capacity is
significantly reduced, such as Jingzhou, Xianning, and
Xiantao, which might be subjected to homogeneous radi-
ation from the surrounding cities. In addition, there are
always some marginal cities, such as Qianjiang, Yingtan,
Xinyu, Pingxiang, Jingdezhen, Tianmen, etc. While their risk
of failure may not cause irreparable damage to the urban
agglomeration, alienated relationships with other cities in
the region may lead to their inability to obtain rapid re-
sources. -erefore, attention should be paid to the
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improvement of the marginal nodes, which will not only
help to enhance regional resilience but will also be of great
benefit to the ability of the city itself to resist risks and
disasters.

4.4.2. Network Response after Node Attack. As another kind
of network disruption, node attack usually attacks the node
with the maximum load, such as maximum degree, weighted
degree, or centrality. For regional urban systems, malicious
attacks may be terrorist attacks, military conflict, or other
human forces, which are unpredictable and uncontrollable.
-erefore, an attack against a certain city may lead to a wide
range of network topology failures, thereby leading to the
loss of urban network functions. According to the
descending order of node criticality, the attacks on the city
nodes were simulated. It is assumed that all links connected
to a node will be removed after it was attacked, and the
routes among other nodes will be redistributed. Figure 8 is
the urban network response to node attacks during the three
periods of SFTR. -e x-axis is the percentage of nodes
attacked, and the y-axis is the corresponding network effi-
ciency. We can see that as the percentage of failed nodes
increases, the resilience of the network structure decreases
continuously. Obviously, although there is the highest
population flow intensity of urban agglomeration in the
middle reaches of the Yangtze River during the SFTR in
2021, its descent rate of the network efficiency is the fastest.
Especially when attacking Nanchang and Jingzhou, the cities
ranked third and seventh, and the network performance will
be lower than that of 2019. Secondly, when the percentage of
urban nodes that failed reaches 22%, the response of the
population flow network in 2019 is almost the same as that in
2021, which is about 5.80. After that, with the interruption of
urban nodes, the network efficiency in 2021 still declined at
the fastest speed, and the resilience of urban network
structure is always lower than that that in 2019. When the
attack rate of urban nodes is slightly higher than 93%, the
network efficiency almost drops to 0, which is similar to that
in 2020. However, when the urban network efficiency drops
to 0 in 2019, the attack rate of nodes exceeds 96%. -is
indicates that the urban population flow network of the
study area during the SFTR in 2019 is more resilient. Al-
though the vitality of population flow between cities is
relatively low in 2020, its overall network response is rela-
tively stable. Conversely, the urban population flow network
in 2021 exposed regional vulnerability and resource dis-
equilibrium under the background of large-scale population
mobility.

Generally speaking, in the population flow network
during the SFTR, the enhancement of population mobility
intensity promotes the communication and cooperation
between cities, as well as accumulates the potential pressure
and uncertainty. Furthermore, Jingzhou, Huanggang,
Yichun, Xiaogan, etc., which are closer to the center of the
regional network, have undertaken the reconfiguration of
most urban elements after the core cities were attacked.-ey
perform the potential functions of population collection and
distribution and maintaining the stability of the network

structure. -erefore, while emphasizing on the development
and construction of core cities, we should pay more at-
tention to the construction and support of such in-between
cities in the transportation hubs, resource allocation, and
information sharing to improve the resilience of regional
urban systems.

5. Discussion

Increasingly, interweaving physical infrastructure and vir-
tual networks present a more abundant connotation. Re-
search on regional resilience and dynamic process of urban
systems has been paid more and more attention by the
scholars of geography and other fields. However, due to
limitations in data acquisition, most of the related studies
just stay in static expresses of characteristics. To some extent,
the characteristics of the dynamic and complex population
mobility networks have been neglected. What’s worse, in the
process of economic and technological globalization, the
long-term chronic stress and short-term effects faced by
regions and cities have become more prominent. Cities as
multiagent systems play an indispensable role in functional
integration and organizational management in regions [35].
Population floating, as the main carriers of regional intercity
flow elements, the quantification and analysis of the dynamic
properties of which is a powerful basis for understanding
regional development. -erefore, it is urgent to measure and
analyze the regional urban networks from the perspective of
spatiotemporal evolution and resilience.

In this study, from the characteristics of population flow
of the urban agglomeration in the middle reaches of the
Yangtze River, it is revealed that the travel trends of residents
during SFTR in 2019, 2020, and 2021 are consistent, that is, it
increased with the approaching and ending of the Spring
Festival Holiday and showed a lower trend on the day of the
Spring Festival. -e result is similar to the research-related

0 10 20 30 40 50 60 70 80 90 100
0
1
2
3
4
5
6
7
8
9

10
11
12

N
et

w
or

k 
ef

fic
ie

nc
y

Percentage of urban nodes attacked (%)

2019a
2020a
2021a

Figure 8: -e changes in the network efficiency after attacking
urban nodes in 2019, 2020, and 2021.

14 Complexity



results in other regions. For example, Lai and Pan [30]
analyzed the characteristics and spatial pattern of population
flow among cities in China in 2018 based on Tencent mi-
gration data and found that the population travel during
SFTR showed certain regularity. In addition, from the
spatiotemporal patterns and node criticality of the pop-
ulation flow networks, even if Wuhan was quarantined on
January 23, 2020, the population flow barycenter was only
more inclined to Changsha and the corridor cities between
them. In other words, Nanchang, the third largest city in the
urban agglomeration, still had not played a significant role.
Among the popular migration routes of the urban ag-
glomeration, Nanchang did not take a place. With the rise of
its urban functional status, the situation of tripartite con-
frontation in the region has slightly appeared. On the one
hand, the urban agglomeration in the middle reaches of the
Yangtze River is the largest cross-region urban agglomer-
ation in China. -e distance between the core cities is more
than 250 km, which is much higher than 100–200 km be-
tween the core cities of the top three urban agglomerations
(Beijing–Tianjin–Hebei, Yangtze River Delta, and Pearl
River Delta). Among the 31 node cities in the study area,
Xiangyang and Shangrao are the cities with the farthest
distance, which is about 700 km. On the other hand, the
economic capacities of Wuhan, Changsha, and Nanchang
has a certain gap and are far lower than the core cities of
large urban agglomerations, such as Beijing, Shanghai,
Guangzhou, Shenzhen, and so forth. -erefore, the inte-
grative development of the urban agglomeration poses a
severe test to both the economic power and radiation ca-
pacity of core cities. -is is also the reason for the great
differences in the development of the provinces within the
urban agglomeration. What’s more, the results of regional
resilience via interruption simulations reveal that large-scale
population floating may aggravate the instability of the
regional urban network. Especially for the core cities and
their corridor cities, a reasonable planning and development
of their urban transportation infrastructure systems is the
prerequisite to ensure regional stability.

Although an important planning area in the national
development strategy, the urban agglomeration in the
middle reaches of the Yangtze River, for which the gov-
ernment has given great support in development policies
and funds, its inherent urban contact still restricts the in-
tegrated and coordinated development of the region. As we
have shown in the results of this study, it is difficult for the
population migration within the urban agglomeration based
on Autonavi migration data to cross the provincial
boundaries and connect the core cities.-erefore, in order to
promote and guarantee the highly efficient flow of various
elements within the urban agglomeration, especially the flow
of materials and resources, we try to put forward strategies
and suggestions from the perspective of urban connections
for the reference of government managers and decision-
makers. First, the government should focus on optimizing
the spatial patterns among the core cities of the urban ag-
glomeration. A stable “triangle” top-level network spatial
structure with Wuhan, Changsha, and Nanchang as the
vertices could be formed in the region, which can ensure the

cross-regional cooperative transportation capacity of ma-
terial resources to a certain extent. In recent years, regional
uncertainty risks (such as floods, mud-rock flows, infectious
diseases, etc.) have occurred increasingly. Once a core city is
in a serious disaster area, its abilities in personnel coordi-
nation and resource dispersion may be slightly insufficient.
-en, as the nearest neighbor and the most powerful helper,
the core cities in the adjacent regions play a leading role in
resource allocation and time compression. -erefore, the
strong connection between core cities can not only soften the
inherent relationships within the region but also enhance
regional resilience. Second, the radiation driving role of core
cities should be further stimulated. Wuhan, Changsha, and
Nanchang, as regions with significant concentrations of
various elements at the present stage, although having the
highest centrality and power within the provincial scope,
their radiation driving abilities to the surrounding subtier
cities are still inadequate. We should make more full use of
their own advantages to spread its innovative resources such
as technology, talents, and information to surrounding
cities. By strengthening relationships between adjacent re-
gions and promoting differentiation constructions, it may be
possible to preferentially improve the local interaction
abilities to transform “weak connections” into “strong
connections”, and thus drive the development of the overall
urban agglomeration. -ird, an increasingly elaborate re-
gional cooperation mechanism, a flat network development
mechanism with complementary functions and cross-re-
gional cooperation, should be constructed to guide the
transformation of the jurisdiction based on the hierarchical
system to the network system. Province level connectivity
routes across regions could be enriched by breaking ad-
ministrative barriers. In addition, it should be oriented by
the urban agglomeration as a whole, opening up a new
prospect for high-quality synergetic development of the
region. Meanwhile, urban hierarchies within the urban
agglomeration should also be valued to avoid the occurrence
of phenomena such as “valuing the core, ignoring the edges”.
Finally, timely revision and update of emergency plans and
disaster mitigation measures are extremely important to
safeguard regional resilience. For instance, when a large-
scale or sudden population migration occurs in a city, there
should be correspondingly adequate prediction and re-
sponse capacities to ensure the safe and sustainable working
of the region. On the one hand, core cities should minimize
the possibility of node failures. It can protect urban node
security by strengthening emergency system construction
and risk preparedness mechanisms. On the other hand, edge
cities should aim at boosting the node’s resilience to the
risks, facilitating the circulation of elements and elevating
node centrality.

Inevitably, there are some limitations in data acquisition,
such as lag in socioeconomic statistics, confidentiality
strategies of related sectors, etc. We extracted the scale of
regional population floating using Autonavi migration data;
however, it is still difficult to obtain the accurate number of
passengers. -e population flow networks constructed
herein greatly presented the population floating patterns on
the highway, which has obvious short-distance

Complexity 15



transportation characteristics, even during the Spring Fes-
tival travel rush [25]. However, as a part of population
mobility, the overall and comprehensive relationship of
population mobility between cities still needs more data to
characterize. In addition, the specific reasons resulting in the
abnormal population flow of urban agglomeration in the
middle reaches of the Yangtze River were not further an-
alyzed because they involve many aspects and are extremely
complex. What’s worse, although some other scholars have
used multisource big data to estimate the migration pop-
ulation [36], the number of floating populations in a region
itself is unstable, so there is also a larger deviation. In future
relative research, the evolution and resilience of population
flow networks with multisource big data based on long time
series could be a promising challenge, especially for com-
bining local and global interactions. Furthermore, the fac-
tors driving the abnormal flow of population and the
influence mechanism of network structure resilience needs
to be further revealed and discussed.

6. Conclusion

In this study, the spatiotemporal characteristics and resil-
ience of population flow networks of urban agglomeration in
the middle reaches of the Yangtze River during the Spring
Festival travel rush in 2019, 2020, and 2021 were analyzed
and evaluated. In the first place, Autonavi migration data (a
total of 120 days) were obtained from the Autonavi big data
platform based on the LBS technology to construct the
regional urban networks. Second, drawing on complex
network theory andmethods, we analyzed the characteristics
of the urban network structure during the SFTR in each
period at the population flow distribution levels, the popular
population floating routes, the integration scale of pop-
ulation floating, and the criticality of urban nodes. What’s
more, the resilience of the urban network structure was
estimated based on node failures and attacks. In practice, this
study can provide a branch for guiding rational population
flow and planning of the regional urban system, thereby
enhancing the further resilient development of the region.
-e main conclusions are as follows:

(1) During the 40-day Spring Festival travel rush, the
changing trends of population flow in the three pe-
riods are consistent, showing travel peaks as the
festival draws near and ends, with the highest travel
peak being the last day of the Spring Festival Holiday.
-e population floating scale in 2020 and 2021 shows
significant fluctuations before and after the Spring
Festival. After the Spring Festival in 2020, the epi-
demic prevention and control policies restricted the
travel of a large number of people; therefore, the
population migration showed a downward trend.-e
SFTR in 2021 was a critical period for epidemic
prevention and control. To curb the spread of the
coronavirus, under the appeal of the China govern-
ment in advocating off-peak travel and stay put
during the Spring Festival, the population migration
before the Spring Festival was relatively conservative,

and its migration willingness was only comparable to
the actual migration scale in 2019, and also lower than
that in the same period of other years. However, as
prevention and control work in an orderly way, the
population migration after the Spring Festival im-
mediately rebounded to the level of 2019, and sur-
passed that in 2019 after the Spring Festival Holiday.

(2) -e intercity population flow network based on the
Autonavi actual migration scale of the three periods
during the SFTR has obvious differences in con-
nection intensity and hierarchical distribution. It is
reflected in the overall attenuation after the impact of
the epidemic and the continuous improvement
under effective prevention and control. Moreover,
there is an obvious clustering phenomenon within
each province of urban agglomeration, that is, under
abnormal disturbance and influence, the urban
cluster structure is still highly consistent. -e pop-
ular migration routes in 2019 and 2021 mainly fo-
cused on Wuhan, which was characterized by the
agglomeration of surrounding cities to core cities. In
2020, Changsha became the first popular distribution
node. In addition, it is characterized by themigration
trend from the core provincial capital cities to the
surrounding small cities.

(3) -e population floating intensity of most urban
nodes presents asymmetric characteristics during the
SFTR from the perspective of the node symmetry
index. On the whole, the siphon effect of the core
cities is gradually increasing, while the neighboring
cities are the primary objects. According to the
criticality of nodes, Nanchang ranked third after
Wuhan and Changsha, but its core role has not been
highlighted, indicating that a tripartite confrontation
in the urban agglomeration gradually forms. Besides,
Jingzhou, Xiaogan, Huanggang, Yichun, and other
cities should not be underestimated in their status in
the regional urban network.

(4) -e disturbances of a city node may lead to a de-
crease in the overall transmission efficiency of the
regional network. -e higher the core position of a
node is, the more significant the decline in the
network efficiency. In addition, although the in-
tensity of population flow during the SFTR in 2021 is
higher than that in 2019 and 2020, the instability of
the network structure is higher, and the potential
risks and pressures are even greater. -erefore, at-
tention should also be paid to the construction and
development of the peripheral cities in the aspects of
resource allocation and infrastructure arrangement
to improve the regional resilience and ability to
respond to disturbances.

Data Availability

Autonavi migration data can be obtained from the Amap
traffic big data released by Autonavi Company (https://trp.
autonavi.com/migrate/page.do).
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