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Abstract

With the decline in transportation costs and the development of Internet
technology, the functional connections between cities within the region have
shifted from vertical hierarchical relationships to network connections. A
study of city networks can provide a more detailed understanding of the in-
terrelationships between cities. This article reviewed the research process of
urban networks, classified and sorted out the existing urban network research
in terms of research theories, and research method and contents, and pointed
out the differences and problems in the existing domestic and foreign urban
network research. Finally, the development trend of the research on the city
network was prospected.
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1. Introduction

The relationship between cities in the region is gradually changing from a vertic-
al hierarchical relationship to a complex network relationship. The networked
regional spatial structure is more conducive to regional development. Frequent
exchanges between cities are conducive to the diffusion of economic factors and
the growth of urban income. The study of urban networks can help planners to
conceive the spatial structure of urban agglomerations and optimize suggestions
for regional resource allocation and infrastructure construction. It can help
planners to find new ways to improve the level of regional spatial layout. The re-
view and analysis of urban network research can provide good support for sub-
sequent urban network research. This article attempts to sort out the research of
previous scholars to point out the existing problems in network research at this
stage and find more suitable methods for urban network research.

The remainder of this article is organized in four sections. In Section 2, we re-
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viewed the research theories of urban networks. We then introduced the re-
search method and content of the city network. In Section 4, we summarized
and elaborated the literature, and predicted the future trend of urban network

research.

2. Research Theory: From Central Place Theory to Central
Flow Theory, Attribute Network to Relational Network

The proposal of the “central location” theory marked that the main body of ur-
ban geography research has shifted from a single city to an urban system. In the
1930s, Christaller conducted an experimental study on the market centers and
service areas of rural settlements. Based on the ideal surface and the assumption
of a rational economic man, he explained the geographic spatiality of human ac-
tivities through the two concepts of central function and central place, and de-
duced the location standardization theory of the hexagonal market area, that is,
the central place theory, one of the basic theories of clustering and urbanization.
For a long period of time afterwards, urban geographers used the central theory
to study the urban system. The central place theory emphasized the hierarchical
relationship between cities. It is proposed that central places have hierarchical
characteristics, and the higher the rank, the fewer the central places. Then
Friedman (1986) proposed the world urban hypothesis and Sassen (2013) pro-
posed that the control function of cities in the global economy became two basic
theories of urban network research. Friedman believed that urban relations are
hierarchical, so people can judge urban relations based on their economic
strength. Sassen emphasized the need to study advanced producer services more
specifically and these companies make some cities higher ranks than others.
With the rapid development of the global economy and technology, the eco-
nomic and information exchanges between cities are getting closer, and Godfrey
and Zhou (1999) put forward “Don’t underestimate the diversity and complexity
of global interaction”. The static scale relationship can no longer clearly reflect
the relationship between cities, and the research direction of the regional spatial
structure has begun to focus on the “flowing space” perspective based on dy-
namic correlation. Castells (1996) put forward the concepts of “information flow
space”, “flow space” and “network society”. He divided social space into two
types: flow space and field space, and proposed that society is composed of vari-
ous flows, information, Capital, technology, human resources and other “factor
flow” rely on flow space to connect with other cities in the region. Taylor (2009)
also explored the misleading nature of the urban hierarchy in urban external re-
lations, and proposed a centripetal center-centered model that began to foster a
regional spatial association model from “local space” to a multicenter modeled
in “flow space”. The transformation of networked mode, at the same time, he
believes that in order to describe the flow of space, it is necessary to select the
appropriate “relational data”. As a supplement to the “central location” theory,

the “central flow” theory is about the center, location or flow, which can describe
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the external relationship of the city.

Domestic research on urban networks started later than abroad, and most of
the theories draw on foreign scholars. In the 1980s, based on the existing foreign
scholars’ research theory and empirical research experience based on the actual
situation of urban and rural development in China. Wan & Liang (1986) and Ye
(1987) analyzed the scale hierarchy of the Hubei urban system and the Gyeonggi
urban system using scale-sequence theory. Later, with the rise of the concept of
“urban network”, the study of urban networking began to attract the attention of
a large number of scholars. Jiang (1996) proposed that the performance of urban
networking includes the internal network structure of the city, the external shape
of the city, the network of urban groups, and the network of urban functions.
This promoted the coordination and unification of the city’s spatial network and
functional network. Pan (2006) pointed out that the central city theory, urban
network theory, and urban ecology theory were the three most important aspects
of the theoretical innovation of urban development models in the process of
contemporary China. Yao (2011) proposed that the development model of Chi-
na’s urban agglomeration modernization includes a highly concentrated,
dual-core, appropriately decentralized, and transportation corridor axis devel-

opment model.

3. Research Method and Content: Gravity Model,
Interlocking Model, Corporate Headquarters-Branch
Method and Social Network Analysis Method

In terms of research methods, Gravity model, interlocking model, corporate
headquarters-branch method and social network analysis method are commonly
used methods for studying urban network structure. The study of urban net-
works by foreign scholars originated from the study of corporate networks. Only
a few scholars had paid attention to the study of urban networks before this
century, and the research content was mainly concentrated on the urban system
structure, dynamic mechanism and optimal regulation. Pierre-Henry Derrick
believed that the shape of the corporate network depends on the shape of the
urban system, and the two overlap with each other and are conditional on each
other. After 2000, the research on urban networks has gradually increased, and it
has become a hotspot of regional research in the past few years. The research on
the external connections of cities in the network can be divided into two catego-
ries. The first category considered the spatial interaction between cities from the
perspective of urban areas, economic activities and population, and evaluated
them through enterprise association or social network analysis methods. Re-
search by the World Urban Network (WCN) focused on producer services,
mainly including finance, law, advertising, management consulting, etc. Other
activities belong to the industrial sector but were knowledge-intensive, such as R
& D, insurance, accounting, engineering, etc. usually served large global compa-
nies. Taylor used the company’s service value data to measure the degree of
connection between cities in the city’s global network through mathematical
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models (interlocking models). The POLYNET project team firstly used Taylor’s
interlocking network model to use the “high-end productive service industry”
industry data to describe the interconnectivity between the cities in the eight
major urban clusters in Northwest Europe and Europe. In the economic core
areas of major cities, these areas formed a functional network in Northwest Eu-
rope. Although the geographical area of southeast England and Zurich was a
single center, a functional network had been formed within the area. At the
highest level, no significant functional association had been formed within the
urban agglomeration. Mans (2014) also evaluated the connectivity of cities based
on an interlocking model. The research perspective shifted from advanced pro-
ducer services to urban networks that focused on specific industries (Indian re-
newable energy sector), and analyzed the status of Indian terminal cities. D.
Radha (2017) used the service value data of a global service company distributed
in 315 cities around the world to analyze the importance of node cities in the
global city network using social network analysis (SNA), and found that New
York and London provide more advanced Service and occupy a more important
position. Another type of infrastructure system, including transportation and
communication networks, reflected inter-city relationships. The topological
characteristics of the transportation network could be used to study the spatial
and functional economic processes occurring between cities. F. Bruinsma, Piet
Rietveld (1992) used the gravity model to study the reachability of 42 major Eu-
ropean cities in three infrastructure networks: highway, railway and aviation.
Ben Derudder, Witlox F. (2008) used air passenger flow data to analyze the
world city network.

Foreign scholars “exploration and empirical research on urban network
theory provided a good basis for later scholars” research on urban network con-
nections. Some scholars also pointed out that most of the research objects of the
current world urban network research are concentrated in those areas that are
critical to the global production network. The research on the network relation-
ships of non-hub cities (small and medium-sized cities) and their interconnec-
tions with other cities are a trend in the study of world urban networks under
the increasingly multipolar world economy.

Gravity model is a common method to measure the strength of interaction
between cities. Yao, Ou (2009) used population size and GDP data to measure
the strength of economic ties between cities in the Yangtze River Delta urban
agglomeration through a gravity model. Yu et al. (2017) and Sun & Luo (2016)
quantitatively analyzed the urban economic agglomerations in Wuhan urban
agglomeration and the Beijing-Tianjin-Hebei region using the modified gravity
model. The interlocking model can be used to measure the degree of regional
city association and functional polycentricity. Huang, Chen, Sellers, & Xing
(2017) selected passenger traffic data based on an interlocking model to study
the network structure of the middle reaches of the Yangtze River. The corporate
headquarters-branch method uses the connection between corporate headquar-

ters and branches to characterize the association between cities. Tang & Li
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(2014) used the enterprise association method to study and compare the urban
systems in the Yangtze River Delta and the middle reaches of the Yangtze River.
Li & Zhou (2016) used the enterprise-headquarters branching method to meas-
ure the strength of interconnection between cities in the Yangtze River Delta
network. Social network analysis is a research method for relational data, which
provides a new way to study the characteristics of urban network structure and
the position of nodes in the network. Fang & Sun (2015) reconstructed the spa-
tial structure of the Yangtze River Delta urban agglomeration based on intercity
traffic data. Xia (2017) used Tencent’s migration data to analyze the network
density and node city centrality of the Beijing-Tianjin-Hebei urban agglomera-

tion using social network analysis methods.

4. Conclusion

From the discussion above, the following conclusions and further discussions
can be preliminarily obtained:

1) The studies of urban networks by foreign scholars were earlier than that in
China, which provided the theoretical basis and empirical research experience
for domestic scholars to carry out network research. Foreign scholars have stu-
died the urban system from the urban hierarchical system to the urban network
system, from “field space” to “flow space”, from attribute-based data to relation-
al-based data; the research results are quite rich; and the research scale is many.
However, the development of domestic urban network research is relatively lag-
ging behind. After the 1980s, relying on existing theoretical foundations of for-
eign countries for development research, the research scale was at the national
and regional levels, focusing on the development of urban networks in the
Yangtze River Delta, Pearl River Delta, Beijing, Tianjin and Hebei more com-
plete area. On the whole, most of the domestic and foreign research objects of
urban network research are economic centers of gravity, and the research of ur-
ban networks in regions with economic levels in the development stage needs to
be strengthened.

2) In terms of research perspective, foreign scholars mostly started from the
corporate network and infrastructure network, and focused more on the pers-
pective of the corporate network to reflect the degree of association between ci-
ties based on global producer service relationship data. Compared with foreign
countries, it is more difficult to obtain global enterprise relationship data, and it
is also not suitable for domestic city network research. Domestic scholars mostly
used inter-city transportation data, communication network data and other in-
frastructure relationship data to study and build city networks. With the devel-
opment of information technology, the application of big data in the field of ur-
ban space research is increasing. It is easy to obtain social network relationship
data such as Weibo check-in data, Baidu search data, and Tencent location big
data. In recent years, urban network research results from the perspective of so-
cial cultural networks. A lot of output is coming, which is a new trend of future

urban network research.
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3) In terms of research content, due to the relatively large research scale, for-
eign scholars have focused on the analysis of city levels and the degree of static
association between cities. They lack of deep analysis and dynamic association of
urban network structure. In addition to the study of the city hierarchy and the
degree of inter-city connections, domestic scholars also analyzed the specific
structural characteristics and spatial-temporal evolution characteristics of the
urban network spatial pattern, urban network density, etc. The research content
is more comprehensive.

4) The research scale of urban networks is mostly at the global and regional
scale. Existing domestic research cases were mostly concentrated in the regional
scale and economically developed areas such as the Yangtze River Delta, the
Pearl River Delta, and Beijing-Tianjin-Hebei, where the urban system is rela-
tively well-developed. The studies about developing areas are still insufficient.
The research on the general city system also has the theoretical significance. The
research results will help planners to rationally locate the special features of peri-
pheral cities, determine the direction of urban development, improve the compre-
hensive transportation system within the region, and promote efficient division

of labor and cooperation within urban clusters.
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