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Abstract 
Based on the big data of Tencent migration and the Baidu index, the population mobility 
network and information connection network are constructed to reflect the spatial 
association network of urban agglomeration. The topological properties of the urban 
agglomeration network in the Guangdong-Hong Kong-Macao Greater Bay Area are 
analyzed by using complex network and GIS visualization. The results show that :(1) 
Guangzhou and Shenzhen occupy the absolute dominant position in the population 
mobility network and information connection network, and the centrality level is the 
highest. Foshan and Dongguan gradually become the sub-central cities in the greater bay 
area; Compared with the information flow network, the centrality distribution of the 
population flow network is more concentrated and the degree of integration is higher. 
(2) The spatial system of the population mobility network forms a "roof ridge" backbone 
network structure with Shenzhen and Guangzhou as a fulcrum; The spatial system of the 
information connection network forms an "N-shaped" backbone network structure. 
Guangzhou and Foshan, Guangzhou and Shenzhen, and Shenzhen and Dongguan are 
strongly connected city pairs. The population network and information network of the 
Greater Bay Area have the nature of a small world with high connectivity, which can 
achieve Pareto improvement in the global network. (3) The population flow network and 
information flow network have a typical "core-edge" hierarchical structure. The core city 
has the leading and driving effect on the peripheral city. (4) The analysis of structural 
holes shows that Dongguan and Foshan have larger restriction systems under the two 
networks, indicating that although these two cities are sub-central cities in the 
Guangdong-Hong Kong-Macao urban agglomeration, there are still redundant factors in 
the overall network, and there is further room for improvement. 
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1. Introduction 

An urban agglomeration is a networked organization formed in the mature stage of urban 
development, which has been the trend of current world economic development. In recent 
years, China has rapidly entered the phase of urbanization and formed several city clusters. 
Urban agglomeration is the main form of urbanization in developed countries, which is the core 
of large cities or megacities and radiates to the surrounding areas to form a collection of cities. 
In the urbanization process in China, urban areas are spreading, boundaries are increasingly 
blurred, the trend of forming urban agglomerations is increasingly apparent, and cities are 
closely connected. Previous studies on the interaction between cities in urban agglomeration 
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were analyzed mainly by rank-scale law, spatial interaction model, and other calculation 
methods [1], which are static and independent analysis methods among cities. However, with 
the deepening integration of urban agglomeration, cities have the potential to form a complex 
and unified network structure through close interconnections [2]. The study of urban 
agglomeration networks can reflect the connection between cities, which is dynamic and 
attaches more importance to the relationship between cooperation and network 
complementarity [3]. Many scholars, by using the social network analysis method about the 
network structure of urban agglomerations are relatively sufficient research. However, most of 
the literature constructs the economic network of urban agglomeration based on the gravity 
model and analyzes its structural characteristics, quantifies the interaction between cities, and 
predicts the flow trend between cities[4-5]. Although the gravity model can explain the 
economic association network between cities, due to the availability of data, the gravity model 
is based on the statistical data released by the government, which lacks the resolution of time 
and space, and there is some deviation in measuring the overall network relationship between 
cities. However, with the rise of the idea of "flow space,” In recent years, using specific "flows" 
to reflect the interaction between cities and the structure of urban networks has become a new 
research trend. The advent of big data brings an opportunity to study "flow space" and urban 
networks. Scholars explored the network structure characteristics of urban agglomeration 
through "factor flow.” Based on flow space theory, some scholars discussed the influence of air 
transport, port and railway transport volume, and express logistics on the urban network [6-
8]. The above analysis based on "factor flow" is mainly carried out through static attribute data. 
With the development of information technology, research methods should be more intelligent. 
It has gradually become a new method to construct the functional network of urban 
agglomeration based on big data. For example, Some scholars used the air passenger transport 
data of various countries to represent the global traffic flow and then conducted a quantitative 
analysis of the world urban traffic flow network[9]. A series of research results have laid a 
foundation for this paper to study the characteristics of urban agglomeration network structure 
in the Guangdong-Hong Kong-Macao Greater Bay Area. From the perspective of research 
methods, most studies on the network structure of urban agglomeration are based on network 
characteristics such as centrality and density. It is found that the network with the lowest 
density and centrality and the most extensive connectivity and scale has the highest resilience 
[10]. With the development of the field of systems science, the characteristics of social and 
economic network organizations are gradually studied with the help of graph theory and 
complex network research tools[11]. 
In general, using the economic network of urban agglomeration to reflect the state of regional 
economic development has become a keen perspective of scholars. In terms of the research 
field, most existing studies on urban agglomeration focus on the Yangtze River Economic Belt. 
Due to the differences in systems between Hong Kong and Macao and other cities in the Greater 
Bay Area. It is difficult to obtain some data. Therefore, the current research on the urban 
agglomeration network structure based on the Guangdong-Hong Kong-Macao Greater Bay Area 
is insufficient. In terms of network construction, most of the existing literature is still based on 
static attribute data. Some scholars have studied the Guangdong-Hong Kong-Macao Greater Bay 
Area urban agglomeration's tourism economic network pattern using the modified gravity 
model [12]. Some scholars have studied the network structure of the Greater Bay Area urban 
agglomeration by establishing the network through the internal service relationship of 
enterprises and found that Shenzhen, Guangzhou, and Hong Kong are dominant in the web of 
economic connection strength, forming a multi-center network pattern [13]. Few studies have 
analyzed the network structure of the Guangdong-Hong Kong-Macao Greater Bay Area urban 
agglomeration by comparing the networks established with different big data. Regarding 
research methods, few kinds of literature analyze the network topology based on the small-
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world characteristics of urban agglomeration networks. Current research on the network 
structure of urban agglomerations, Generally speaking, the recent studies on the network 
structure of urban agglomeration are mainly carried out from a single dimension, such as 
transportation and information. However, as a complex system, the urban network has 
different representations of the same space by network connections under various measures, 
and the research results of a single dimension will be fragmented. Therefore, The importance 
of studying and comparing population flow and information flow should not be ignored. 
Therefore, this paper constructs the population mobility network among cities in the 
Guangdong-Hong Kong-Macao Greater Bay Area by using Python to crawl Tencent's migration 
big data, which confirms that the population mobility network can promote regional balanced 
development. And through the Baidu index to construct the information exchange network 
between cities. The topological structure of the population flow network and information flow 
network in the Guangdong-Hong Kong-Macao Greater Bay Area is analyzed by a complex 
network analysis method. To gain an in-depth understanding of the internal linkages of the 
Guangdong-Hong Kong-Macao Greater Bay Area and the opportunities to influence its 
development, enrich empirical studies on the network structure of the Greater Bay Area, and 
promote the establishment of a more mutually beneficial and collaborative Guangdong-Hong 
Kong-Macao Greater Bay Area urban agglomeration.  

2. Overview of the Research Area, Research Methods, and Research Data 

2.1. Overview of the Study Area 

 
Figure 1. The study area. 

 
This paper takes the Guangdong-Hong Kong-Macao Greater Bay Area as the research area, as 
shown in Figure 1, which includes nine cities of Guangzhou, Shenzhen, Dongguan, Foshan, 
Zhongshan, Huizhou, Jiangmen, Zhuhai, and Zhaoqing in the Pearl River Delta, as well as Hong 
Kong Special Administrative Region and Macao Special Administrative Region. Covering an area 
of 56,000 square kilometers, the Guangdong-Hong Kong-Macao Greater Bay Area has a 
permanent resident population of 72,649,200 in 2019. It plays an essential strategic role in the 
overall development of the country. However, there will be unbalanced and inadequate 
development in the development process of urban agglomeration, and the network degree of 
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urban agglomeration needs to be improved. Therefore, based on the population migration big 
data and Baidu index big data, this paper analyzes the flow rules among cities in the Greater 
Bay Area. The main body of a city is people, and high-density urban population flow, under the 
role of information technology, promotes the urban society to evolve into a dynamic and open 
urban spatial organization. It is conducive to analyzing the functional network structure of the 
Guangdong-Hong Kong-Macao Greater Bay Area urban agglomeration. The migration and flow 
of population and the flow of information is a Pareto improvement for the overall economy of 
the urban agglomeration so as to promote the high-quality development of the Guangdong-
Hong Kong-Macao Greater Bay Area urban agglomeration. 

2.2. Research Methods 
2.2.1. Complex Network Analysis 
Graph theory is the mathematical basis of network research. According to graph theory, the 
population flow and information flow network of Guangdong-Hong Kong-Macao Greater Bay 
Area is constructed, denoted as network graph P=(S,E),S={s_i;i=1,2,…,N} is the node of the 
network graph, E={e_i;i=1,2,…,n} is the edge of the network graph. In the following paper, the 
urban network is studied in the case that there are two kinds of network graphs: weighted and 
uncorrelated. In an uncorrelated network, the value of edge e_ij takes 1 when nodes I and j are 
correlated, and 0 when nodes i and j are not correlated. In the weighted network, In addition to 
whether it has an association, it also needs to consider the association strength between two 
nodes. Complex network analysis helps to combine the relationship between individuals, the 
"micro" network, and the "macro" structure of a large-scale social system by studying the 
network structure [14]. From the perspective of social networks, any actors’ actions are not 
isolated but interrelated. The relationship between them is the channel of information and 
resource transmission, and the structure of network relationships also determines actors’ 
action opportunities and results. From the perspective of urban agglomeration, all cities are 
connected, and the establishment of network relations between them also determines the 
development direction of the two cities. Therefore, it is necessary to apply the network analysis 
method to study urban agglomeration network structure. Some of the main indicators are as 
follows: 
Degree centrality: The sum of the connection strength of a city in the network is the degree of 
centrality of the city. The larger the value, the city is in the center position in the network. It is 
used to represent the degree of city centrality in period t , and the strength of the economic 
connection between city i and city in the period t . The calculation formula is: 
 

      ,1,
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Average Network clustering coefficient: The clustering coefficient of each node can calculate 
the average network clustering coefficient, and the clustering coefficient of a node represents 
the proportion of the directly adjacent point pairs in all adjacent point pairs of the node. It is an 
indicator of the aggregation of the network of contacts. The formula is as follows: 
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Where ik  is the number of neighboring points of node i, and iE is the actual number of edges in 

the regional network formed by node iand neighboring points [18]. 
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Average distance: The average distance represents a path with the minimum cost when two 
nodes are connected. The calculation method uses the Dijkstar algorithm. This statistical index 
reflects the overall connectivity of the economic connection network of the Guangdong-Hong 
Kong-Macao urban agglomeration. 
The average distance L of the whole network is: 
 

      
1
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i j

L e
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                                                                     (3) 

 

Where n  is the total number of nodes, and ije is the shortest distance between city iand city j . 

If Lis small, it indicates that the nodes of the network have a high degree of reachability and 
high network efficiency. 
Core-edge analysis: The core-edge structure is a unique structure composed of several 
elements connected with each other, with the center closely related and the periphery sparsely 
dispersed, which is used to analyze the structural characteristics of urban agglomeration 
network. Borrow structure equivalence analysis can reveal a large bay area population flow 
and information flow of the core-edge structure, The analysis idea of structural equivalence has 
strong similarities with the location and function of city nodes in the network. If the two cities 
meet the characteristics of similar structure and similar location, It shows that the nodes of the 
two cities are structure-equivalent in the population mobility network and information 
connection network. The specific method can be achieved by using the hierarchical clustering 
method and network analysis software Pajek [13]. 
Structural hole analysis: Structural hole analysis refers to a gap that can cross two nodes, which 
acts as the only communication medium between two nodes. Structural hole analysis was first 
proposed by Burt in the United States. This paper adopts an effective scale, efficiency, and limit 
system to calculate, which can be realized by Ucient software. 
Effective scale: The effective scale of a city node in the urban network is the average number of 
connections between the city and other cities minus the centrality of the city degree, that is, the 
size of the individual network minus the redundancy of the network. The calculation formula is 
as follows: 
 

𝐸𝑆 = ∑ 1 − ∑ 𝑃 𝑀 , 𝑞 ≠ 𝑖, 𝑗                                                     (4) 
 
j represents all points connected to the ego pointi, q  is every third party except ior j , and 

iq jqP M represents the redundancy between the ego point and other points [15]. 

Efficiency: The actual size of the self-network of a city in an urban agglomeration standardizes 
the effective size. 
Limit system: The "limit system" of a city refers to the ability to use structural holes in its own 
network and how the connections of other cities that are connected to the node city impose 
restrictions on the node city. 
2.2.2. Exploratory Spatial Data Analysis (ESDA) 
Global Moran index: The global Moran index can judge whether an index has agglomeration in 
space. The formula is as follows: 
 

𝑀𝑜𝑟𝑎𝑛𝑠𝐼 =
∑ ∑ (  )  

∑ ∑
                                                        (5) 
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Among them, 𝑆 = ∑ 𝑥 − �̅� , 𝑥 = ∑ 𝑥 , 𝑖, 𝑗 = 1,2,3 … , 𝑛  𝑊  is the spatial weight 
matrix. 

2.3. Data Sources and Data Processing 
The explosive growth and the development of the information era make data for today's social 
studies offer a wide range of material, once in social studies, population migration data 
shortcomings incomplete survey area, and is mostly static data, can well reflect the actual 
condition of population migration, solved the problem and big data. "Tencent Population 
Migration Big Data" is calculated and analyzed based on location-based service (LBS) big data, 
and the location information of mobile phone users is used to realize the visualization of 
personal geographic spatial movement, to integrate the spatial nodes of population flow in 
different time scales and the flow scale between other nodes. Then it Outlines the trajectory 
and characteristics of China's population migration, which is a kind of open source big data. The 
relative size of population mobility in Chinese cities can be publicly obtained from the "Tencent 
migration data", which provides a way to study the population connections between cities. 
On the population mobility network, this paper selects Tencent migration big data as the 
research object and uses Python to capture the daily population migration data within the 
Guangdong-Hong Kong-Macao Greater Bay Area urban agglomeration from January to August 
2019. The captured information includes the migrated cities and the number of people 
migrating to the city in the top ten cities daily. A total of 51853 migration data were collected 
in this paper, and the data attributes included the starting town, the destination city, and the 
daily migration volume. The population migration number between 11 cities in Guangdong-
Hong Kong-Macao Greater Bay Area from January to August 2019 was extracted from the data, 
and its mean value was taken. The population migration intensity between cities ijE was 

denoted, represented by the population migration number from city i  to city j , and the 

population migration number distinguished ijP  from city j  to city i. The calculation formula 
was as follows: 
 

                𝐸 = 𝑃 + 𝑃                                                                          (6) 
 
In the information flow network, the Baidu index is a reference basis to measure the network 
behavior of massive netizens, including the search and media indexes. Among them, the search 
index is based on the search volume of Internet users in Baidu, with keywords as the statistical 
object, reflecting the number of information people obtain in a particular area for sure in thing. 
Literature [16] verifies that when the Baidu index search keyword of one region is another 
region, it can be used to measure the information connection between areas to a certain extent. 
To some extent, this kind of information flow reflects the economic and social relations among 
cities and demonstrates a kind of comprehensive strength contest between cities. Therefore, 
this paper uses the Baidu index to select the search volume between 11 cities in the Guangdong-
Hong Kong-Macao Greater Bay Area in 2019. Considering the difference between Baidu search 
volume and searched volume between cities, the information connection strength between the 
two cities is constructed to reflect the information flow between cities. The information 
connection strength between cities is represented by ijQ . ijV  represents the Baidu search index 

of city ito city j , and jiV represents the Baidu search index of city j  to city i. The calculation 
formula is as follows: 
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𝑄 = 𝑉 ∗ 𝑉                                                                       (7) 

3. Empirical Analysis Results  

3.1. Greater Bay Area Multi-dimensional Network Node Analysis 
Ucient software is used to calculate the degree of centrality of the two networks, and the results 
are shown in Table 2. The larger the degree of centrality is, the more central the city is in the 
urban agglomeration network. By comparing the centrality values of cities in the Greater Bay 
Area under the population mobility network and the information mobility network, we can find 
the differences in network organization within the Greater Bay Area. Both Guangzhou and 
Shenzhen occupy a dominant position in both the population mobility network and the 
information mobility network and belong to the central nodes of the network. In the population 
mobility network, the centrality of Guangzhou and Shenzhen is first and second respectively, 
mainly because of the relatively high level of economic development and convenient 
transportation in Guangzhou and Shenzhen. In a considerable bay area planning of Guangdong 
is also mentioned the promotion of the position of traffic in Shenzhen, in reference to the 
transportation such as shipping, railway, airport, Shenzhen and Guangzhou tied together, form 
the "Shenzhen double hub", and close to Foshan and Guangzhou phase between "connect" the 
high-value area of Dongguan has become second only to Guangzhou, Hong Kong and Macao 
regions on the migration network center degree is low, This is due to the characteristics of one 
country, two systems, cultural differences between Hong Kong and Macao and the mainland, 
and the intensity of population mobility between Hong Kong and Macao and other cities in the 
Greater Bay Area is not strong. In the information flow network, Shenzhen scored the highest, 
highlighting its position as an information core. This is because Shenzhen can be a special 
economic zone, the national economic center city, and the necessary condition is the 
communication and information developed. In addition, as an international commercial and 
financial center, Hong Kong's information development is also an important factor. Therefore, 
in the information connection network, Hong Kong's centrality is third place. Both in terms of 
population flow network and information flow network, Dongguan and Foshan have high 
centrality and have developed into sub-core cities in the Greater Bay Area, while Zhaoqing and 
Jiangmen have low centrality and dominance index. They are at the edge of the urban 
agglomeration network and need to strengthen their connections with core cities so as to avoid 
isolation. 
 
Table 1. Degree centrality of cities in population flow network and information flow network. 

Ranking Population mobility network Information flow network 
City Score City Score 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Guangzhou 
Shenzhen 
Dongguan 

Foshan 
Huizhou 

Zhongshan 
Zhuhai 

Jiangmen 
Zhaoqing 
Hongkong 

Macao 

1.000000 
0.834937 
0.746160 
0.697805 
0.406704 
0.376347 
0.266919 
0.199210 
0.175880 
0.068203 
0.040992 

Shenzhen 
Guangzhou 
Hongkong 
Dongguan 

Foshan 
Huizhou 
Zhuhai 

Zhongshan 
Jiangmen 
Zhaoqing 

Macao 

1.000000 
0.896589 
0.561930 
0.420737 
0.356394 
0.265048 
0.204393 
0.125304 
0.122999 
0.109398 
0.104069 

 
ArcGIS is used to visualize the above urban centrality level, and the results are shown in Figure 
2. 
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Figure 2. Centrality distribution pattern of different network structures in the Guangdong-

Hong Kong-Macao Greater Bay Area. 
 
It can be seen from Figure 2 that on the population mobility network, the degree centrality 
polarization phenomenon of cities in the Guangdong-Hong Kong-Macao Greater Bay Area is 
relatively significant, forming a spatial pattern with a center high margin low. At the same time, 
ArcGIS was used to calculate the Moran index of degree centrality of the population mobility 
network under the spatial adjacency matrix, and the calculated result was 0.16, 
Z=1.289(P=0.099). At this time, the Moran index was positive and significant, indicating that 
the degree of centrality of the population mobility network was not completely random and 
had spatial agglomeration. That is, the periphery of a city with a higher degree of centrality is 
also a city with higher centrality. The distribution of urban nodes in the Guangdong-Hong Kong-
Macao urban agglomeration shows the hierarchy. Guangzhou, Shenzhen, and Foshan all have a 
high degree of centrality level, thus leading the integration process of urban agglomeration with 
strong factor agglomeration ability. Zhongshan. Zhuhai and Macao are located on the second 
level, becoming the contact object of more nodes and possessing a high degree of centrality, 
becoming the important hub of inter-city connection and promoting the development of the 
multi-center pattern of urban agglomeration. 
On the information connection network in FIG 2, the Moreland index of degree centrality of the 
Guangdong-Hong Kong-Macao Greater Bay Area urban agglomeration is 0.136, 
Z=1.227(P=0.11). Although the Moreland index is positive but insignificant, it does not indicate 
that it has spatial agglomeration. This is mainly because the flow of information is not 
constrained by geographical distance. Guangzhou and Shenzhen, which have a higher degree of 
centrality of information flow, are in the first tier. These two cities have a higher level of 
economic development and serve as Bridges between their regions and other regions. Foshan, 
Dongguan, and Hong Kong are on the second level of the information flow network, and the rest 
are on the third level. It can be seen that with the decrease of degree centrality, the number of 
nodes keeps increasing, and the distribution of urban nodes shows a certain "pyramid" layout. 
The centrality level of the two networks is different, The population flow network is more 
concentrated and has a spatial spillover effect. Although the information flow network is more 
dispersed, it is conducive to the formation of the polycentric pattern in the Guangdong-Hong 
Kong-Macao Greater Bay Area. The higher the degree of centrality in the core layer of the 
network system, thus It has the higher degree of regional integration. From the perspective of 
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centrality level, the population mobility network in the Guangdong-Hong Kong-Macao Greater 
Bay Area is more integrated than the information mobility network. 

3.2. Overall Structure Characteristics of the Multidimensional Network 
3.2.1. Analysis of Comprehensive Network Pattern 

 
Figure 3. Population mobility network structure in the Guangdong-Hong Kong-Macao Greater 

Bay 
 

 
Figure 4. Information flow network structure in the Guangdong-Hong Kong-Macao Greater 

Bay Area. 
 

The GP tool XY in ArcGIS software was used to turn the line and combined with the natural 
discontinuity point classification method, to visualize the population mobility network and 
information flow network, so as to form the spatial association network structure diagram of 
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the Guangdong-Hong Kong-Macao Greater Bay Area urban agglomeration, as shown in FIG. (2) 
and (3). Each node in the diagram represents the corresponding city. The directed line 
segments between nodes represent the population and information connections among cities 
in the Greater Bay Area. 
First, in the population flow in the network, we can see clearly from the picture you can see in 
Guangzhou and Shenzhen are the two important nodes, obvious to find out in Guangzhou and 
Foshan, Guangzhou and Dongguan, Shenzhen and Dongguan is the strongest contact to the city, 
a few from Guangzhou to the bay area of the most strongly linked to other cities, compared with 
other cities, the political center of Guangzhou as the pearl river delta, To achieve close and 
coordinated development among cities in the Bay Area, Guangzhou needs to coordinate the 
relationship between cities in terms of talent and technology, which is reflected in the intensity 
of population flow. Moreover, as the capital city, Guangzhou has a longer and more perfect 
transportation construction. Shenzhen, Foshan, and Dongguan are cities with relatively 
complete comprehensive transportation facilities, which is the main reason for their strong 
population mobility links. From the population mobility network perspective, the population 
mobility links in the inland area of the Greater Bay Area are slightly stronger than those in the 
Pearl River Estuary and the cities facing each other across the river. 
Secondly, in the information exchange network, the cities with the most vital information flow 
connection are Guangzhou and Foshan, Guangzhou and Shenzhen, Shenzhen and Dongguan, 
and Shenzhen and Hong Kong. It reflects that the information connection of the Bay Area also 
has a tendency to concentrate on the inland. Besides the two critical nodes of Guangzhou-
Shenzhen, it is evident that Foshan and Dongguan are also important comprehensive nodes. In 
general, Shenzhen and Guangzhou have decisive influence and radiating power in the 
population flow and information flow networks, while Dongguan and Foshan follow closely 
behind. 
According to a large bay area, spatial relation network diagram you can see, a big bay area on a 
migration network shown in Guangzhou, Shenzhen, Foshan, and Dongguan channel the "roof of 
the" network structure, and gradually to the development, and population flow limited by 
geographical space, urban spatial correlation network distant cities cannot constitute effective 
spatial relation network. In the information connection network, Guangzhou, Shenzhen, Foshan, 
and Dongguan as the key nodes of the "N-shaped" network core structure, mainly concentrated 
in the central Bay Area. To sum up, from the perspective of the overall network structure, the 
population flow network and the information networking is overlapping and mainly revolve 
around Guangzhou, Shenzhen, Dongguan, Foshan, and other nodes to construct the core link, 
explaining a large bay area of Guangdong has been initially formed multi-center network space 
development pattern, including Guangzhou, Shenzhen as the main central city, The radiation 
effect brought by the two promoted the development of the surrounding cities; Dongguan and 
Foshan have become the sub-central cities of the Greater Bay Area and have an excellent 
mediating effect. The other cities are peripheral. Besides the coordinated development of multi-
center cities, the Guangdong-Hong Kong-Macao Greater Bay Area is also characterized by 
multiple axes. Both the population flow network and the information flow network have many 
urban axes with strong connections and stable and highly connected iron triangle group 
networks such as Foshan, Guangzhou, and Shenzhen. 
3.2.2. Small-world Nature of the Overall Network 
Pajek is used to analyze the flow network of the powerless population and the information 
connection network. The quantitative representation index of a small-world network is 
generally measured by average path length and clustering coefficient. The characteristic path 
length refers to the average length of the shortest path connecting any two nodes. The 
clustering coefficient reflects the interconnection level of nodes in the network, that is, whether 
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the other two nodes connected to the node are connected. Networks with relatively small 
characteristic path lengths and relatively large clustering coefficients are called small-world 
networks. The length of the characteristic pathway and the clustering coefficient can 
characterize the accessibility and clustering of the population mobility network between 
Beijing, Tianjin, and Hebei. Firstly, under the population mobility network, PAJEK was used to 
conclude that the overall average clustering coefficient of Guangdong-Hong Kong-Macao 
Greater Bay Area was 0.5156 and the average path length was 1.711. Under the information 
connection network, the clustering coefficient of the Guangdong-Hong Kong-Macao Greater Bay 
Area is 0.54, and the average path length is 1.5. This does not infer network with small-world 
properties, to contrast the population flow, information networks, and other networks, as well 
as the similarities and differences of this article, selects the space adjacent network as an object 
of contrast through urban whether geographically adjacent structure space adjacent network, 
use pajek adjacent to the space network analysis, It can be obtained that the clustering 
coefficient of spatial adjacency network is 0.4606, and the average path length is 2.382. 
Migration networks and information networks compared with spatial adjacency networks have 
larger gathered coefficient and shorter average path length, most of the city nodes in the 
network without mediation can be directly into contact, and only a few city nodes need a transit 
into contact, It reflects the convenience of inter-city transportation and the frequent people-to-
people exchanges in the Guangdong-Hong Kong-Macao Greater Bay Area. 
Therefore, it can be inferred that the population mobility network and information contact 
network in the Guangdong-Hong Kong-Macao Greater Bay Area belongs to the small-world 
network. The network in the form of a "small world" has high efficiency because the network 
has high connectivity, so it can achieve Pareto improvement in the global network. Population 
flow and information flow also represent the circulation of resources, which can promote the 
deepening and refinement of the division of labor among different cities in the urban 
agglomeration. 
3.2.3. Core-edge Structure Analysis  
The analysis of population flow intensity and information connection intensity between cities 
is important for identifying the core and edge locations in urban networks [17]. For the 
population mobility network, UCIENT conducted a core-edge analysis on the population 
mobility intensity matrix of the Guangdong-Hong Kong-Macao Greater Bay Area urban 
agglomeration and found four nodes in the core region, which were Guangzhou, Shenzhen, 
Dongguan, and Foshan. There are seven nodes in the edge area: Hong Kong, Macao, Huizhou, 
Zhaoqing, Zhuhai, Zhongshan, and Jiangmen. It can be seen from the Arcgis visualization graph 
5 that the core area has a prominent phenomenon of "clustering,” that is, the formation of a 
spatial pattern of intermediate agglomeration, which indicates that the spatial pattern of the 
multi-center network in the population mobility network of the Guangdong-Hong Kong-Macao 
Greater Bay Area has been displayed. For the information connection network, after the core-
edge analysis, it is found that there are three nodes in the core region, namely Guangzhou, 
Shenzhen, and Hong Kong, and eight nodes in the edge region, namely Dongguan, Foshan, 
Macao, Huizhou, Zhuhai, Zhongshan, Jiangmen, and Zhaoqing. By ArcGIS visual figure 6 can be 
obtained from graph 5 and graph 6 it can be seen that both migration network and information 
networking within a large bay area of Guangdong city core - edge structure show that the core 
city of contact intensity is high, around the core city of mostly belongs to the core region, also 
so proximity and continuity in the space. 
From the perspective of specific cities, Guangzhou and Shenzhen are both in the core areas in 
different networks, forming close inter-city connections with each other and taking a dominant 
position in the network, so as to achieve a higher degree of regional integration and lead the 
development of the whole urban agglomeration. However, Zhaoqing, Jiangmen, Zhongshan and 
other cities are located in the edge area in different networks, with sparse connections between 
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each other and a weak position in the network, resulting in a low degree of regional integration 
of these cities. In the future development of urban agglomerations, it is not only necessary to 
increase the investment in urban transportation and information infrastructure, but also to 
enhance the radiation capacity of core cities, so as to promote the coordinated development of 
core and edge areas of urban agglomerations. 
 

 
Figure 5. Core-edge area of population mobility network in the Guangdong-Hong Kong-Macao 

Greater Bay Area 
 

 
Figure 6. Core - edge area of information flow network in the Guangdong-Hong Kong-Macao 

Greater Bay Area 

3.3. Structural Hole Analysis 
The population flow intensity matrix and information connection intensity matrix were 
imported into UCient software, and the analysis results in Table 2 were obtained through Burt 
structural hole index analysis; from the point of population flow on the network, the effective 
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scale and efficiency of Guangzhou and Shenzhen are the top, It shows that Guangzhou and 
Shenzhen are the most critical cities affecting the population flow in the Guangdong-Hong 
Kong-Macao Greater Bay Area. Before, according to the core-edge structure analysis, Dongguan 
and Foshan also belonged to the significant bay area population flow network core region. Still, 
in the study of structural holes, Foshan and Dongguan’s effective scale and efficiency are not 
high, indicating factors affecting the overall network redundancy. Foshan and Dongguan time 
core city function is further room for improvement. Zhaoqing and Huizhou are subject to a 
relatively large restriction system, which indicates that the development of these cities has a 
severe dependence on other cities, and their development is not mature. 
From the perspective of an information connection network, the structural holes have the 
following characteristics: first, the structural holes in Guangzhou, Shenzhen, and Zhuhai nodes 
have a high effective scale and a low degree of restriction. This indicates that these cities are in 
the hub position in the information connection network of the Guangdong-Hong Kong-Macao 
Greater Bay Area urban agglomeration and can control the connections between other nodes. 
Second, Foshan, Dongguan node scored higher limit system, restricted by other cities, although 
these cities gradually developed for large bay area times the core cities, there are still redundant 
factors, structure analysis is helpful to dig a hole and play to the potential advantages of urban 
agglomerations, structural holes further embodies the core node in the population flows on the 
network. 
 
Table 2. Structural hole index of population migration and information flow network in each 

city 
City Population mobility network Information flow network 

 Effective scale Efficiency Limit system Effective 
scale 

Efficiency Limit 
system 

Hongkong 3.924 0.561 0.855 4.440  0.444 0.648 
Macao 2.016 0.504 1.135 5.439  0.544 0.579 

Guangzhou 6.323 0.703 0.460 5.896  0.590  0.497 
Shenzhen 7.754 0.775 0.532 5.931 0.593 0.462 

Zhuhai 7.667 0.767 0.496 5.568 0.557 0.563 
Foshan 4.988 0.623 0.601 4.705 0.471 0.624 

Huizhou 5.647 0.627 0.788 4.362 0.436 0.699 
Dongguan 5.730 0.637 0.620 4.201 0.420 0.695 
Zhongshan 7.257 0.727 0.497 5.480 0.548 0.566 
Jiangmen 7.024 0.702 0.609 5.356 0.536 0.577 
Zhaoqing 4.877 0.610 0.700 5.154 0.515 0.595 

4. Conclusion 

Based on the migration of Tencent big data and Baidu index data, using the social network 
analysis method, the GIS visualization, 11 cities, Hong Kong and Macao to choose a large bay 
area, with population flow between urban and contact information as an example to analyze 
the network structure of urban agglomerations, from the node properties, the overall spatial 
pattern and the analysis of the structural holes get the following conclusion: (1) Guangzhou and 
Shenzhen occupy an absolutely dominant position in the population mobility network and 
information connection network with a high level of centrality, which has a certain radiative 
effect on the surrounding areas. Foshan and Dongguan gradually become the sub-central cities 
in the Greater Bay Area, and the rest cities are marginal cities. The problem of urban imbalance 
in the Guangdong-Hong Kong-Macao Greater Bay Area is prominent, and efforts are still needed 
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to form an organic whole. Compared with the information network, the centrality level of cities 
in the population network has a certain spatial agglomeration effect. (2) The network of the 
Guangdong-Hong Kong-Macao Greater Bay Area has the nature of a small world, indicating that 
the small world of population network and information network indicates that the Greater Bay 
Area has a strong agglomeration of population and information, and the regional economic 
integration has not been achieved but has great potential. Cities in the Guangdong-Hong Kong-
Macao Greater Bay Area are at different stages of development and have obvious differences in 
resource endowments. Cities with higher economic levels can open up broad space for 
cooperation in the region and drive the development of cities with lower economic levels. 
(3) As can be seen from GIS visualization, the population mobility network space system forms 
a "roof ridge" network structure with Shenzhen and Guangzhou as the fulcrum, the connection 
between Guangzhou and Foshan, Guangzhou and Dongguan, Shenzhen and Dongguan are 
strong, and the information connection network space system forms an "N-shaped" network 
structure. Guangzhou and Foshan, Guangzhou and Shenzhen, and Shenzhen and Dongguan are 
strongly connected cities. The Guangdong-Hong Kong-Macao Greater Bay Area has a typical 
"core-periphery" ranking. However, there are differences between the population flow network 
and the core cities of the information flow network. The core cities of the population flow 
network have the characteristics of spatial agglomeration, while the core cities of the 
information flow network are more discrete because the information flow is not limited by 
geographical distance. Zhaoqing, Jiangmen, and other marginal cities in the Guangdong-Hong 
Kong-Macao Greater Bay Area will become isolated points if their connections with core cities 
are interrupted. (4) Structural hole analysis shows that Shenzhen and Guangzhou have a higher 
effective scale and efficiency, while Dongguan and Foshan have larger restriction systems under 
the two networks, indicating that although these two cities are sub-central cities in the 
Guangdong-Hong Kong-Macao urban agglomeration, there are still redundant factors in the 
overall network, and there is further room for improvement. 
Flow and contacts are an important force in reshaping regional urban space system, by the 
population flow data and contact information data on the research of the urban agglomeration 
network structure, networks in various cities clearly understand the truth of the whole network, 
to a large bay area of Guangdong urban function upgrading and effective approach for urban 
cluster development, this article puts forward the following Suggestions: (1) The Guangdong-
Hong Kong-Macao Greater Bay Area contains huge connection strength and potential. Starting 
from the core nodes of Guangzhou and Shenzhen, it will generate a spatial spillover effect and 
exert its radiating and driving role by making use of its spatial agglomeration characteristics; 
In recent years, Foshan and Dongguan have gradually developed into sub-core cities of the 
Greater Bay Area. While improving themselves, they should play the role of intermediary bridge 
to promote the development of more marginal cities. The marginal cities such as Zhaoqing and 
Jiangmen should actively connect with the internal network of the Greater Bay Area by taking 
advantage of their own advantages to improve their original linkage ability. (2) With the 
formation of the multi-center network pattern in the Guangdong-Hong Kong-Macao Greater 
Bay Area, the division of labor among cities becomes clearer, and the network connections 
within the urban agglomeration are fully utilized to integrate the scattered resources in the 
region across regions, and the positive spillover effect formed by the multi-center network 
pattern is exerted to promote the integrated development of the urban agglomeration. 
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