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With the increasingly close relations between cities in China, it is of great significance to explore the regular characteristics of the
intercity connection. )rough Tencent’s population migration heat and Baidu map big data, this paper analyzes the regular
characteristics of the relations between complex cities based on such index as the rich node propensity index, preference level
index, and relative heat index and also investigates the influence of geographical proximity factors on the external relations of
different cities. )e research has the following results. Firstly, the relations between cities have obvious club characteristics. )e
rich nodes tend to connect with the rich nodes, while the nonrich nodes tend to connect with the nonrich nodes. Secondly, the
connection between cities has the effect of hierarchical proximity, and cities mainly establish spatial connections with cities of the
same level and adjacent level. )irdly, the relations between cities also have the effect of geographical proximity, and the degree of
influence of geographical proximity in low-level cities is greater than that in high-level cities. Fourthly, the external connection
mode of high-level cities is to establish close contact with high-level cities adjacent to the level, with strong attraction to low-level
cities adjacent to the location at the same time.)e low-level cities are closely related to the high-level cities adjacent to the location
and other cities of geographical proximity or adjacent level.)is study helps to further understand the complex characteristics and
laws of intercity connections and urban networks.

1. Introduction

With the rapid development of China’s economy and
society and the rapid promotion of urbanization [1, 2],
cities are increasingly closely connected in China.)e rapid
construction of high-speed railway, expressway, and other
transportation networks provides convenient conditions
for the flow of population, capital, information, technology,
and other elements between cities [3, 4]. Urban develop-
ment is no longer confined within the city, and adminis-
trative barriers are gradually broken. China’s urban system
is changing from hierarchical to a flat network. Since the
21st century, with China’s city linkages and city network
evolving, although a few center cities still occupy the

absolute controlling position, but the city link is no longer
limited to between core cities and between core cities and
general cities, connection between general cities gradually
enhances and the connectivity of the urban network is
increasing. At a critical time of growing intercity con-
nections, it is of great practical significance to explore the
characteristics of spatial connection between cities in China
so as to understand the operation mechanism behind in-
tercity connections. Academic circles focus on researches
on the relations between cities and the complexity of the
urban network [5]. Yet, there is still a lot of space to explore
in the research of revealing the characteristics of urban
interaction and mining its regular characteristics and
mechanisms.
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In the recent years, with the construction of Internet
infrastructure and the popularization of smart phones, the
number of Internet users in China is increasing rapidly.
According to the economic operation of the communication
industry in August released by the Ministry of Industry and
Information Technology of the People’s Republic of China,
China’s mobile Internet users reached 1.004 billion in 2018.
Tencent is the main service provider of China’s commu-
nication social applications, and its rich mobile products
attract a large number of users. Tencent products position
more than 10 billion times per day. )e company has re-
leased Tencent population migration heat data, the intercity
population flow data which is calculated on the basis of
mobile phone positioning data updating every five minutes.
)ese data accurately reflect the real-time travel situation of
the population between two cities in China and can rep-
resent the relations between China’s cities, which better
meets the research needs of this paper. )e data have been
used to discuss the network characteristics [6, 7], but the
characteristics and patterns of intercity connections deserve
further study.

)is paper grabs the data of population migration heat
per five minutes of Chinese cities published by Tencent from
January 1 to December 31 in 2018, calculates the average
value of migration heat between two cities every day, and
then, sums up the data of 365 days in the whole year to get
the data of population travel heat between cities in 2018,
which is set as the data basis of this research. )is paper
mainly studies the characteristics of intercity relations in
China, such as club characteristics and geographical prox-
imity effect, including six parts. )e first part is the intro-
duction. )e second part reviews the research progress of
urban connection and urban network. )e third part in-
troduces the research methods and data sources. )e fourth
part gives the research results from three aspects: the general
characteristics, the rich node propensity and the hierarchical
proximity effect, and the geographical proximity effect of
intercity connections. )e fifth part further analyzes the
typical characteristics and modes of intercity relations, in-
cluding club characteristics, geographical proximity and
hierarchical proximity effects, and the spatial distance
threshold effect. Finally, the main conclusions and contri-
bution of this paper are summarized briefly.)is study maps
the relations between China’s cities through the population
travel between cities and explores the characteristics of
preferences in various aspects of urban external relations, as
well as differences of different cities, which helps to reveal
and understand the complexity law and operation mecha-
nism of urban spatial relations.

2. Review of the Related Literature

)e perspectives of urban connection and urban network
research are diverse. In the past, scholars often used the data
of communication and express [8, 9], intercity traffic shift
[10–14] and the number of distribution of parent companies
and subsidiary companies [15, 16], social contact [17], and
knowledge “flow” [18] to describe the relations between
cities. Since people bring the vitality of urban development,

the flow of population between cities also reflects the
connection between cities. However, because of the difficulty
to directly obtain the population “flow” data under urban
scale, the past research mostly used statistical data to
measure the intercity connection under the perspective of
population flow [19, 20]. Nevertheless, this method often has
data bias. In some studies, the intensity of population
mobility between cities is estimated by the gravity model to
represent the intercity connection; that is, it is assumed that
population mobility is in direct proportion to the economic
level of the origin and destination and inversely proportional
to the distance between the two places [21, 22]. )is ap-
proach is scientific and feasible to a certain extent, but it is
still not accurate enough to express the connections between
cities.

Recently, with the rapid development of big data cal-
culation and processing methods, it is possible to completely
and accurately depict the population flow between cities. For
example, Tencent in China releases the big data of Tencent
population migration heat, which express the real-time
situation of population movement between cities. Baidu also
releases similar data. Big data overcome the shortcomings of
traditional data to some extent [23, 24], reflecting more
accurate population movement in real time. Some scholars
have made use of big data of populationmobility to carry out
researches on the intercity connection and urban network
[6, 7, 25–29]. For example, the paper uses Baidu migration
big data to study the characteristics of the rich club of the
population mobility network during the Spring Festival
travel rush in China [30] and the multisource migration big
data of Baidu, Tencent, and Qihoo to study the travel
characteristics of the population during the Spring Festival
travel rush in China [25]. Big data provide a richer and more
accurate data foundation for the study of urban connection
and urban network, which enables the related research to be
explored in depth from many aspects.

)e related researches on intercity connection mainly
focus on the geographical characteristics of intercity con-
nection [6, 25, 31, 32] and urban network topology [33–37].
Yet, only a few studies have analyzed the characteristics of
intercity connection [38, 39], such as the phenomenon of
rich club of intercity linkages [40–42]. Researches show that
urban network has a typical feature of rich club [43–45], that
is, there is a trend of rich nodes preferentially connecting to
rich nodes in the urban network. Although there has been a
considerable amount of research in this area, many aspects
need to be further explored. For example, the current lit-
erature only depicts the rich club characteristics of the
network while ignores the connection characteristics of
nonrich nodes. At the same time, some studies have de-
termined that nodes prefer to connect rich nodes or nonrich
nodes [30], lacking quantitative description of the degree of
preference between nodes and rich nodes. In addition,
geographical proximity plays an important role in the
connection between cities [46]. For different cities, it is
worth exploring whether there are differences in the impact
of geographical proximity.

Based on the progress and lack of related researches, it is
necessary to carry out this study.)e purpose of this paper is
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to investigate the preference characteristics of urban con-
nections in China, including rich nodes (high-level cities)
and nonrich nodes (low-level cities) and quantify the
preference degree of nodes to connect with rich nodes or
nonrich nodes. At the same time, the paper explores the
influence of geographical proximity on urban connection in
China and analyzes the difference of the influence of geo-
graphical proximity on different cities.

3. Research Methods and Data Sources

3.1. Data Availability. )is paper grabs the data of pop-
ulation migration heat per five minutes of Chinese cities
published by Tencent from January 1 to December 31 in
2018, calculates the average value of migration heat between
two cities every day, and then, sums up the data of 365 days
in the whole year to get the data of population travel heat
between cities in 2018, which is set as the data basis of this
research on the characteristics of intercity connection.
Tencent’s population migration heat data is obtained from
the location big data released by the Tencent company,
which come from https://heat.qq.com/. Besides, the shortest
travel time data between cities are obtained from the Baidu
map product released by the Baidu company, which come
from https://map.baidu.com/. )e Baidu map platform
provides people with enquiry of travel time and route under
three modes of transportation, such as trains, planes, and
automobiles. )is paper compares the travel time of three
modes of transportation between two cities in China and,
then, selects the shortest time as the shortest travel time
between cities.

3.2. Rich Rode Propensity Index. Some studies show that
most nodes in China’s urban network prefer to connect to
rich nodes rather than nonrich nodes [30]. However, few
studies quantitatively measure the degree of node preferring
to connect rich nodes in China’s urban networks. )is paper
proposes an indexPi to measure the rich nodes propensity of
network nodes.

Pi � 
367

j�1

Heatij
Heat departurei

× Lj. (1)

In the formula, Pi is the rich node propensity index of
node i, which means the degree of node i preferring to
connect rich nodes. Since 1<Pi < 5, the larger the value of Pi

is，the more intense the preference of node i connecting
rich nodes will be. Heatij is the travel heat between node i

and node j. Heat departurei is the departure heat of node i,
that is, the sum of travel heat departing from node i to other
cities. Lj is the rich node index of node j, which means the
attributes of rich nodes of connected node j. )e larger the
value is, the more prominent the rich node attribute of the
node j. According to the total heat of urban travel1, cities
(nodes) are divided into five levels in the light of the clas-
sification of natural fracture point. When node j belongs to
the first level, Lj � 5. When node j belongs to the second
level, Lj � 4. When node j belongs to the third level, Lj � 3.

When node j belongs to the fourth level, Lj � 2. When node
j belongs to the fifth level, Lj � 1.Heatij/Heat departurei

represents the relative heat between node i and node j under
the level of the external contact of node i. )e larger value
means the greater relative connection between node i and
node j; that is, node i more prefers to establish connection
with node j.)e use of relative heat rather than absolute heat
is due to the difference in the level of external connection of
each node, and the relative value is more comparable.

3.3. Preference Level Index. )is paper defines PDi as the
preference level index of urban connection, which means
cities are most frequently connected with cities at a certain
level of i:

M � Max


n
jl�1 Heatijl

Heat departurei

 ,

PDi � f(M).

(2)

In the formula, M is the proportion of the sum of travel
heat between the city i and the cities within a certain level in
the departure heat of city i. )e sum of the travel heat
between the city i and the cities within this level is higher
than that between the city i and cities within any levels.


n
jl�1 Heatijl is the sum of travel heat between city i and cities

within the level of l and l � 1, 2, 3, 4, 5 n is the number of
cities within the level of l. Heat departurei is the departure
heat of city i. f(M) is the level that M belongs to. PDi is the
preference level of the external contact of node i.

3.4. Relative Heat Index. Considering the different levels of
external connection of each city, this paper defines the
relative heat index to describe the relative connection of
cities:

RelativeHeatij �
Heatij

Heat departurei

. (3)

In the formula, RelativeHeatij is the relative travel heat
from city i to city j, which means the preference degree of
city i connecting to city j under the level of the external
contact of city i. Heatij is the travel heat between city i and
city j. Heat departurei is the departure heat of city i, that is,
the sum of travel heat from city i to other cities.

4. Results

4.1./e General Characteristics of Travel Links between Cities
in China. Intercity connections in China are mainly
concentrated in Beijing, Shanghai, Chongqing, and a few
other cities. )e total heat of the top 10 cities accounts for
20.6% of the total heat of the whole country; that is to say,
one fifth of the intercity links in the country are related to
these cities. According to the natural fracture point of the
total heat of urban travel, Chinese cities are divided into
five levels (Figure 1). )e level of external connection of
cities in the southeast of China is higher than that in the
northwest or the northeast. )e cities of first four levels
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are mainly distributed in the southeast, while the cities in
the northwest or the northeast are mainly in the last two
levels, among which only Urumqi, Lanzhou, Hohhot,
and other provincial capitals have a relative high level of
external connection. Beijing, Shanghai, Chongqing,
Guangzhou, Chengdu, and Shenzhen belong to the first
level. )ey are located in the four national urban ag-
glomerations of China, Beijing-Tianjin-Hubei urban
agglomerations, Yangtze River Delta urban agglomera-
tions, Pearl River Delta urban agglomerations, and
Chengdu-Chongqing urban agglomerations. )e second
level includes some provincial capitals and municipali-
ties directly under the central government, such as
Tianjin, Nanjing, and Hangzhou, as well as non-
provincial cities with high economic development level,
such as Suzhou and Ningbo. )e third level includes
other provincial capitals, such as Shijiazhuang and
Taiyuan, as well as some nonprovincial capitals which are
geographically adjacent to the provincial capitals. )e
fourth level is mainly formed by other cities in the
southeast of China, as well as some provincial capitals in
the northwest, such as Lhasa and Xining. Cities in the

fifth level are mainly distributed in the northwest and the
northeast region of China. )e distribution of cities at the
third, fourth, and fifth levels are concentrated and
contiguous, reflecting that the external contact level of
Chinese cities has local characteristics, and the external
contact level of a single city is correlated to its neigh-
boring cities to some extent. It is worth noting that this
local feature is similar to the concept of “network
community” in related research.

)e relations between two cities in China also show the
characteristics of differentiation in the southeast, northwest,
and northeast (Figure 2). )e relations between the cities in
the southeast are stronger than that in the northwest or
northeast. )e connection between the first level cities is the
most closed, which reflects the rich club characteristics of
urban connections. )e second, third, and fourth levels of
the city link is the connection within cities in the southeast
region, as well as between cities in the southeast with the
capital city of northwest or northeast China (e.g., Urumqi,
Lhasa, and Shenyang), reflecting “Hub-and-Spoke” char-
acteristics of the city network, in which the capital city of
northwest and northeast is the “Hub” connecting the
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Figure 1: Total heat level of urban travel.
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northwest, northeast, and southeast. On the whole, the
intercity relations in China are mainly within the southeast
region, while the relations between the southeast region, the
northwest region, and the northeast region and the relations
within the northwest region are relatively low.

4.2. /e Rich Node Propensity and Hierarchical Proximity of
Intercity Connections. In order to explore whether China’s
cities prefer to connect with rich nodes (high-level cities)
and to measure the degree of this preference quantita-
tively, this paper calculates the rich node propensity index
of each city and finds that the 10 cities with the highest
rich node propensity index belong to the third, fourth, or
fifth levels (level 3, 4, and 5). )eir common feature is that
they can be regarded as nonrich nodes, and they are
geographically adjacent to and closely related to the rich
nodes, which are in the first or second level (level 1 and 2).
)erefore, these cities have a high rich node propensity
index. For example, Zhoushan in the fifth level is geo-
graphically adjacent to Shanghai in the first level, as well as
Ningbo and Hangzhou in the second level, which are three
cities exactly closely connected with Zhoushan. Close to

Beijing and Tianjin, Langfang in the third level has the
closest relations with them, among which the travel
contact with Beijing accounts for 28.27% of the total
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Figure 2: Intercity travel heat level.
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Complexity 5



external connection of Langfang and that with Tianjin
accounts for 7.76%.

Although the cities with the highest rich node propensity
index belong to nonrich nodes, on the whole, this index has a
positive correlation with the city level. Figure 3 shows the
relations between the average rich node propensity index of
each level and the rich node index. As the city level rises, the
more obvious the feature of the rich node is, the stronger the
tendency of the city to establish a connection with the rich
node is; that is, the preference of the rich node for con-
necting to the rich node is stronger than that of the nonrich
node (Figure 3). )e average rich node propensity index of
the fifth level is significantly lower than that of the other
level; that is to say, the cities with the lowest degree of
external connection mostly establish connection with the
cities with the same low level of external connection, of
which the connection preference with the high-level cities is
significantly weaker than that of the other level.

If the connection tendency of nodes to each node is
equal, the theoretical value of Pi should be 3. When Pi < 3, it
means nodes tend to connect nonrich nodes. When Pi > 3, it
means nodes tend to connect rich nodes. Figure 3 shows that
the average value of Pi of the first and second level are all
more than 3, that is, cities in the first and second level (rich
nodes) tend to connect the rich nodes, while the average
value of Pi of the third, fourth, and fifth level are all less than
3, that is, cities in the third, fourth, and fifth level (nonrich
nodes) tend to connect the nonrich nodes.

From the abovementioned analysis, we have got the
difference of rich node propensity of external connections of
different cities. Next, we explore the preference level of
intercity connection, that is, to determine which level is most
frequently associated with each city. )rough the calculation
of PDi, which is the preference level index of each city’s
external relation, the results show that cities in the first two
level have a strong tendency of rich node connection and a
tendency of “neighborhood degradation.” )e preference
level of cities in the first level (level 1) is mainly the second
and third level of the adjacent level. 33.33% of cities in the
first level have connection preference of the second level, and
up to 50% of cities in the first level have preference of the
third level (Figure 4). Although cities in the first level are
closely related to cities in the same level, they are more
closely related to the provincial capitals and cities with a high
level of economic development in the second and third level
with a larger base. )e preference level of cities in the second
level (level 2) is the hierarchically adjacent third and fourth
level. 46.67% of cities of level 2 prefer to connect with cities
of level 3, and 53.33% prefer to connect with cities of level 4,
indicating that some provincial capitals and cities with high
level of economic development in the second level tend to be
connected with other provincial capitals and cities with
relatively high level economic development in the third level.
)e preference levels of cities in the third and fourth level are
mainly cities of level 3 and level 4. However, cities in the fifth
level have the strongest connection with the third, fourth,
and fifth level. )ese results show that cities of level 3, 4, and
5 have significant characteristics of the same level and ad-
jacent level connection. It can be seen that cities in the third

level have a close relationship with cities of each level. As a
bridge between high-level and low-level cities, cities of level 3
constitute the core of the relations between cities in China.

4.3. Geographical Proximity of Intercity Connections. )e
adjacency effect of urban external connection is not only
reflected in the hierarchical proximity but also in the geo-
graphical space proximity. Geographic distance plays an
important role in population mobility and intercity linkages
[46]. Based on the preliminary analysis of the data of travel
heat among cities in China, we found that there is, often, a
close relationship between cities and their neighboring cities.
In order to verify and characterize the impact of geo-
graphical proximity on the intercity connection and the
difference of that impact on different cities, we carry out this
part of the study through the data of the shortest travel time
between two cities in China used to represent the geo-
graphical distance between cities. We draw the scatter di-
agram of the travel heat and the shortest travel time of each
level of cities (Figure 5). )e results show that intercity
connection is affected by the distance between cities, that is,
geographical proximity. In general, with the decrease in
travel time, the relations between cities become closer. Most
of China’s intercity connections occur within the travel time
range of about 7 hours (25000 seconds), and the external
connections of cities at all levels peak at the travel time of 2
hours and 5 to 6 hours. With the improvement of the city
level, urban external connection is gradually strengthened.
When the travel time is 2 hours and 5 to 6 hours, the travel
heat of cities in the first and second level is much higher than
that of other cities, mainly the connection within high-level
cities such as Beijing, Shanghai, Chongqing, Guangzhou,
and Shenzhen (Figure 5 inset).

Due to the differences in the degree of external con-
nection between different cities, there may be bias in
comparing the differences between different cities by using
absolute travel heat. )erefore, we use the relative travel heat
RelativeHeatij to further investigate the relations between
geographical proximity and intercity connection.

We draw the scatter diagram of the relative travel heat
and the shortest travel time of each level of city (Figure 6).
)e results show that when the travel time is less than 3
hours, cities in the third, fourth, and fifth level have more
closely relative external connections, indicating that the
short-distance connections between cities mainly occur in
the external connection of low-level cities, which are also the
main external connection mode of low-level cities. )e
relative heat of cities in the third, fourth, and fifth levels has
increased significantly within a travel time of three hours,
even higher than that of high-level cities. Different from the
absolute heat, the relative heat of cities in the first and second
level has no significant growth trend with the decrease of
travel time, showing that the impact of geographical
proximity on low-level cities is actually greater than that of
high-level cities. )e reduction of the geographical distance
leads to a significant increase in the external contact strength
of low-level cities, and its relative degree of improvement is
greater than that of high-level cities. However, due to the
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stronger external contact of high-level cities, the absolute
degree of external contact improvement of high-level cities
caused by the reduction of geographical distance is larger
than that of low-level cities (Figure 5). Intercity connections
with the highest relative heat are between the low-level cities
adjacent to the provincial capitals, as well as municipalities
directly under the central government and provincial cap-
itals/municipalities in the high level (Figure 6 inset), such as
links between Meishan of level 4 and Chengdu of level 1 and
between Yuxi of level 5 and Kunming of level 2. )is reflects
that the high-level provincial capital cities/municipalities
directly under the central government have a strong at-
traction, resulting in a strong “controlling” effect on the
geographically adjacent low-level cities. A considerable part
of low-level cities have stronger relative external relations
than high-level cities, which is due to the strong external
contact of high-level cities, so the relative heat between high-
level cities and general cities is relatively low compared to
their strong external connection. When the shortest travel
time is about 75000 s (about 20 h), the urban external
connection of cities of level 5 and level 4 intensity is relative
strong, which are mainly linkage between cities of level 5
located in the northwest and cities of level 4 and 3 in the
southeast and other cities of level 5 in the northwest, as well
as the connection between cities of level 4 and other cities of
level 4 and cities in level 3.)is reflects that although there is
a long distance between some cities, urban connections still
exist and have indispensable significance.)ese cities tend to
have the same or similar level, which confirms the hierar-
chical proximity effect of city connection. )is distant but
important connection within low-level cities also reflects the
complexity of urban connections and urban networks in
China.

5. Discussion on the Characteristics and
Modes of the Intercity Connection

Based on the abovementioned analysis, this paper sum-
marizes the characteristics and modes of the intercity
connection in China. )e relations between China’s cities
mainly have club characteristics, geographical proximity,
hierarchical proximity effect, and also a significant spatial
distance threshold effect.

5.1. Club Characteristics and the Geographical Proximity
Effect. )e connection between cities in China has club
characteristics (Figure 7). )e rich nodes (high-level cities)
tend to connect with rich nodes, consistent with the con-
clusions of the work of Opsahl [42] and Wei [30]. With the
improvement of the city level, the tendency of connecting
rich nodes is stronger. Nonrich nodes (low-level cities) tend
to choose to connect with nonrich nodes. With the decrease
of the city level, the willingness of cities to connect with
nonrich nodes is stronger. )e rich node has a strong at-
traction; thus, the nonrich nodes in the geographical vicinity
have a close relationship with it, and this relationship oc-
cupies a considerable proportion in the external relations of
the nonrich nodes adjacent to rich nodes.

Rich nodes and nonrich nodes are affected by geo-
graphical proximity. )e shorter the geographical distance
is, the closer the relations between cities is. By comparing the
change rules of absolute heat and relative heat over travel
time (Figure 5 vs. 6), it is found that as travel time shortens,
the higher the city level is, that is, the more significant the
rich node feature is, the more obvious the increase of ab-
solute heat of the city is. However, the relative heat has the
opposite rule. With the shortening of travel time, the lower
the city level is, that is, the more significant the characteristic
of nonrich nodes is, the more significant the increase of the
relative heat of the city is. )is indicates that rich nodes and
nonrich nodes are affected differently by the geographical
proximity effect. )e shortening of geographical distance
mainly improves the absolute external contact intensity of
rich nodes. Because of strong total external contact intensity
of rich nodes, such improvement takes a small proportion in
the total external contact intensity of rich nodes, so the
relative external contact (i.e., relative heat) of rich nodes is
not improved much. )e shortening of geographical dis-
tance mainly increases the relative external connection
strength of nonrich nodes. )e total external connection
strength of nonrich nodes is low, and the increase in the
intensity of connections brought about by the geographical
proximity occupies a relative large proportion of the total
contact. )erefore, although the absolute external connec-
tion of nonrich nodes is not significantly improved by
distance shortening, its relative external connection is im-
proved greatly, even greater than the degree of improvement
of rich nodes. Nonrich nodes (low-level cities) are actually
more affected by geographical proximity than rich nodes
(high-level cities). In addition, the short-distance connection
mostly occurs in the external connection of nonrich nodes
and also is the main external connection mode of nonrich
nodes. On the other hand, although the geographical
proximity effect has a profound impact on the connections
between Chinese cities, there are still connections between
lower-level cities far apart, which are driven by other factors
and of indispensable importance. In fact, this “remote”
connection exists widely in the real network [47]. Sorenson
[48] found that it included many “distant” ties between
parties that vary on one or more social dimensions by
studying the venture capital network in America.

5.2. Hierarchical Proximity Effect. )e connection between
cities in China has a hierarchical proximity effect (Figure 8).
)e cities with hierarchical proximity are closely related.
Cities in the first and second levels have the characteristics of
the “neighborhood degradation” connection, which shows
that cities of level 1 prefer to connect with cities in the second
and third levels, and cities of level 2 prefer to connect with
cities in the third and fourth levels. Cities in the third, fourth,
and fifth levels have characteristics of the same level and
adjacent level connection, among which cities of level 3 and
level 4 are closely connected with cities of level 3 and level 4,
and cities of level 5 prefer to connect with cities of level 3, 4,
and 5. )e hierarchical proximity effect causes cities of level
3 to both form a close relationship with the high-level cities
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and the low-level cities, playing an important role as a
bridge. On the other hand, the hierarchical proximity effect
of intercity connections reflects “hierarchical isolation,” that
is, cities with relatively far hierarchical distance have sparse
connections. For example, there are weak connections be-
tween cities of level 5 and cities of level 1. )e theory of
“hierarchical diffusion” [49] reflects a degree of “hierarchical
isolation”. Hierarchical diffusion reflects the order of dif-
fusion, which is seldommanifested as one step spread from a
high-level city to a low-level city. )is order highlights the
hierarchical isolation between the high-level city and low-
level city.

)e hierarchical proximity effect of city connections is
similar to that of club characteristics. Cities tend to es-
tablish relationships with cities with similar attributes; for
example, provincial capitals tend to connect with other
provincial capitals of the same level. )e hierarchical
proximity effect of urban linkages can also be found in the
existing literature. Meijers [50] shows that it appears that
these club-type networks provide much better conditions
for achieving horizontal synergy than ever before. )e
reason for the hierarchical proximity effect may be that
horizontal linkages have lower “communication costs,”
including similar economic size, population size, and in-
stitutional environment.
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Xiaogan 4 4774 Wuhan 2 0.228744
Chuxiong 5 7189 Kunming 2 0.221842
Suihua 5 6796 Harbin 3 0.221036

Figure 6: Scatter distribution of urban relative travel heat and shortest travel time. Note. Inset table refers to some intercity relative links
within the scope of an elliptical dotted line.
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5.3. Spatial Distance /reshold Effect. )e shortest travel
time between most cities in China is within 7 hours, and
when the shortest travel time is more than 7 hours, the

intercity connection becomes weak (Figure 9). Two hours
and 5-6 hours are the “golden distance” of intercity con-
nection.When the shortest travel time between two cities is 2
hours or 5-6 hours, the intercity connection is often close.
)e “golden distance” of 2 h and 5-6 h is obviously reflected
in the connection between high-level cities. )e connection
between high-level cities is far stronger than that between
other cities when the shortest travel time is 2 hours or 5-6
hours. )e most significant “golden distance” of low-level
cities is 3 h. Within 3 h of travel time, the external contact of
low-level cities is significantly improved, which mainly
occurs between low-level cities adjacent to high-level cities
and high-level cities. )ere is a difference in the “golden
distance” between high-level and low-level cities. Despite
these two kinds of cities are subjected to the constraints of
geographical distance, high-level cities are less affected and
have strong willingness to connect with high-level cities that
are far apart (5-6 h), while the low-level cities are more
willing to associate with high-level cities in close proximity
(within 3 h).

6. Conclusions

In the recent years, the relations between cities in China are
increasingly close, so it is of great significance to explore the
characteristics of intercity connections. From the perspec-
tive of intercity population travel, the characteristics of
intercity connections are investigated with the big data of
Tencent’s population migration heat.

)e research has the following results. First, China’s
intercity links are mainly concentrated in Beijing, Shanghai,
Chongqing, and a few other rich node cities. )e connection
between cities in China has club characteristics; that is, the
rich nodes (high-level cities) tend to connect with rich
nodes, consistent with the conclusions of work of Opsahl
[42] and Wei [30]. )e higher the city level is, the tendency
of connecting rich nodes is stronger.)e nonrich nodes tend
to connect with the nonrich nodes, and the lower the city
level is, the stronger the preference of connecting nonrich
nodes is. Second, the connection between cities in China has
a hierarchical proximity effect. For example, cities in the first
(second) level are mainly connected with cities in the second
and third (third and fourth) levels adjacent to the level. Cities
in the third and fourth level are mainly connected with cities
in the third and fourth level. At the same time, cities with
relatively far hierarchical distance have sparse connections,
that is, “hierarchical isolation,” which is similar to the law
revealed by hierarchical diffusion [49]. Hierarchical diffu-
sion reflects the order of diffusion, which is seldom man-
ifested as one step spread from a high-level city to a low-level
city. )is order highlights the hierarchical isolation between
the high-level city and low-level city. )ird, the connection
between cities in China has a geographical proximity effect.
On the whole, with the geographical distance between cities
shortened, the relations between cities became closer. )e
impact of geographical proximity on low-level cities is
greater than that on high-level cities. )e short-distance
urban connection is often found in the external connection
of low-level cities and is also the main external connection
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mode of low-level cities. )e high-level provincial capital
cities and municipalities directly under the central gov-
ernment have strong attraction, coupling with the influence
of geographical proximity factors, resulting in very close
relations between low-level cities that are geographically
adjacent to the high-level cities and high-level cities. )is
relation accounts for a large proportion of the external
relations of such low-level cities. Fourth, intercity connec-
tions also have the characteristics of the spatial distance
threshold effect. When the shortest travel time between cities
is 2 hours or 5-6 hours, the relations between cities are close.
However, the “golden distance” of external contact between
high-level cities and low-level cities is different because rich
nodes and nonrich nodes are affected differently by the
geographical proximity effect. In addition, China’s urban
network also has some long-distance connections within
low-level cities, which are of great significance and widely
exist in the real network [47, 48]. )e external connection
mode of high-level cities is to connect with high-level cities
with the same level or hierarchically adjacent to them and
also has strong attraction to low-level cities with geo-
graphical proximity.)e low-level cities are closely related to
the high-level cities with geographical proximity, as well as
other cities with geographical proximity or hierarchical
proximity.

)is paper holds that hierarchical proximity and geo-
graphical proximity are important factors affecting intercity
relations, and this conclusion can be applied to regional
planning and urban policy. Urban external contacts not only
bring vitality to urban development but also bring risks, such
as infectious diseases. Based on the fact that urban linkages
are affected by hierarchical proximity and geographical
proximity, the mechanisms of the spread of infectious
diseases between regions and within regions can be
explained accordingly, and the risk of infectious diseases in
regions/cities can be more accurately predicted and assessed.
In the event of an infectious disease crisis, a focus should be
placed on the risk status of cities hierarchically or geo-
graphically adjacent to the city to predict the risk of the city.
In addition, as low-level cities are strongly influenced by the
geographical proximity effect, if we want to focus on the
development of small or medium-sized cities, we should
consider strengthening the leading role of large cities
(higher-level cities) that are geographically adjacent to
small- or medium-sized cities. )e effect of geographical
proximity on high-level cities is relatively weak, the influence
of hierarchical proximity on high-level cities should be fully
considered. If we want to focus on developing big cities
(high-level cities), we should strengthen the cooperation
within high-level cities.

)is paper comprehensively investigates the external
connection characteristics of rich nodes and nonrich nodes,
improves the deficiencies of previous studies that only focus
on rich nodes and the phenomenon of “rich club”, and
deepens the cognition of “rich club” through the quantitative
analysis of the connection preference of cities. On the other
hand, it is helpful to further understand the mechanism
behind the intercity connection by studying the difference of
the effect of geographical proximity on external connection

of different cities. By observing Chinese cases, this study
finds out the similarity and proximity laws of urban con-
nections and puts forward the club characteristics, hierar-
chical proximity effect, and geographical proximity effect of
intercity connections. In the past, the research consensus
was “hierarchical diffusion,” that is, the step-like sprawl from
high-level cities to low-level cities, emphasizing the hier-
archical characteristics of urban networks. In this paper, the
hierarchical proximity effect of urban connections is found,
that is, both cities of high and low levels tend to establish
relationships with cities of similar or the same level, em-
phasizing the flattening of urban networks. In addition, this
study proposes the spatial distance threshold effect char-
acteristic of an urban connection, which enhances the at-
tention to the spatial nature of the urban connection and
urban network. )is study mainly focuses on two dominant
factors, rich node tendency and geographical proximity of
urban external connections. However, the source and vitality
of intercity links are people, and the subjective will of people
is another important factor of intercity links and urban
networks, which is not discussed in this paper. In future
studies, we will paymore attention to people’s microneeds so
as to further explore and understand the characteristics and
operation mechanism of urban linkages.
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