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Abstract: Due to its great strategic significance in integrating regional coordinated develop-
ment and enhancing the rise of Central China, urban agglomeration in the middle reaches of
Changjiang (Yangtze) River has attracted much attention from both theoretical and practical
aspects. Such research into the area’s economic network structure is beneficial for the for-
mation of an urban- and regional-development strategy. This paper constructs an economic
tie model based on a modified gravitation model. Subsequently, referring to social network
analysis, the paper empirically studies the network density, network centrality, subgroups and
structural holes of the middle reaches of Changjiang River’s urban agglomeration economic
network. The findings are fourfold: (1) an economic network of urban agglomeration in the
middle reaches of Changjiang River has been formed, and economic ties between the cities
in this network are comparatively dense; (2) the urban agglomeration in the middle reaches of
Changjiang River can be divided into four significant subgroups, with each subgroup having
its own obvious economic communications, while there is less economic-behavioral hetero-
geneity among subgroups — this is especially true for the two subgroups that exist in the
Poyang Lake Ecological Economic Zone; (3) an economy pattern driven by the central cities
of Wuhan, Changsha and Nanchang has emerged in the urban agglomeration of the middle
reaches of Changjiang River, while these three capital cities have exerted great radiation
abilities to their surrounding cities, the latter are less able to absorb resources from the former;
(4) the Wuhan Metropolitan Areas and the Poyang Lake Ecological Economic Zone have
more structural holes than the Ring of Changsha, Zhuzhou and the Xiangtan City Clusters,
meaning that cities at the periphery of these two areas are easily constrained by central cities.
The Ring of Changsha, Zhuzhou and the Xiangtan City Clusters have fewer structural holes;
thus, the cities in this area will not face as many constraints as those in the other two areas.
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1 Introduction

With the introduction of collective competition National New-type Urbanization Plan as the
primary competitive form, urban agglomeration, as the main force driving China’s urbaniza-
tion, is considered to be essential for urbanization that maintains Chinese characteristics (Gu
and Pang, 2011). Urban agglomeration relates not only to the explicit spatial structural com-
bination of individual cities in a given cluster, but also to the tacit combination of related
economy, society and culture among cities. Therefore, the economic factors of the cities in
an agglomeration are highly interconnected, which is often seen as a very important feature
for urban agglomeration. Nowadays, regional economy of urban agglomeration is increasing
rapidly in China, thereby increasing the economic ties between cities. This trend has led to
the formation of an urban economic mode that can be measured in terms of scale, structure
and dynamics, presenting the urban economic system with more network-like features
(Xiong, Liu and Yuan, 2006).

Considering the impact of an urban agglomeration’s spatial structure, existing urban ag-
glomeration studies have implemented their research roadmap based on single cities, re-
gional cities and city networks. Earlier studies into urban ties have focused mainly on eco-
nomic ties among separate cities, and mainly utilize central (Losch, 1940), growth-pole,
growth-center (Perroux, 1950), core-edge (Henderson and Mitra, 1996) and other theories.
These theoretical studies have concentrated mainly on discussing the economic ties among
intra-central cities, central cities and peripheral cities, or ties between central cities and their
interiors.

Along with the evolutionary study of sole-center to multi-center, research into economic
ties among urban agglomerations has developed from node-based (single-city-based) eco-
nomic ties to regional economic ties (multi-city-based). Research perspectives have included
the regional economic tie mechanism (Garreau, 1977; Glickler, 2007; Storper, 1997; Pred,
1977; Glaeser, 1999; Li, 1995) and the internal ties of individual cities in relation to a re-
gion’s traffic, industry, capital, information and technology (Bunnell et al., 2002; Matsumoto,
2004; Zhou et al., 2001; Zhu, 2003; Liu C, 2004).

Beginning with ties between cities, research into the whole-network of urban agglomera-
tion has been prominent (Zhang et al., 2006). Urban agglomeration networks can be both
explicit, such as aero networks (Matsumoto, 2004; Gu, 2008) and land traffic networks (Kim,
1999; Lv and Wang, 2011), and tacit, such as trade networks and information networks
(Batten, 1995).

From previous studies, we know that research into whole-network urban agglomeration is
still in its early stages, and that the main focus is on the formation of explicit networks and
evolutionary mechanisms. With respect to the methodology used, previous studies have
adopted a predominantly qualitative analysis, and seldom explored the dynamic network
structure and interaction relations of individual cities among a given agglomeration. With
the advancement of regional economic integration, all cities in an urban agglomeration need
to have multi-edge ties with other cities from an economic perspective. For individual cities,
emphasis must be placed on exploring the rationales of economic collaboration with other
cities, and fulfilling co-existing development in an agglomeration. However, previous stud-
ies have ignored other studies into tacit networks within economic whole networks, and have
focused even less on digging out the whole-network structure of economies, making it dif-
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ficult to shed light on the inner rules of urban agglomeration in the context of mass urbani-
zation in China. In order to fill this research gap, and to discover the inner rationales of ur-
ban agglomeration, this paper designs a modified gravitation method to construct an eco-
nomic tie model, and uses social network analysis (SNA) as the main method by which to
measure economic ties and network structures, in order to form an econometric model for
urban agglomeration networks. In addition, with the aid of empirical study, this paper studies
the economic network structures of urban agglomeration in the middle reaches of Changji-
ang River.

2 Methodology, research background and data source
2.1 Methodology

In order to construct a tacit network consisting of economic ties, it is first necessary to for-
mulate an economic tie model and define some indicators to gauge the strength of those
economic ties. Then, for the constructed whole network, we use SNA to measure the eco-
nomic network structure.

2.1.1 Economic tie model

The quantitative analysis of network ties that has been adopted in previous agglomeration
studies has been based on two methods: the experience method and the theoretical-model
method (Gu, 2008). The experience method in relation to tie strengths between cities is real-
ized principally by conducting on-site investigations, such as collecting data relating to
aero-line passenger flow, volume of trade and vehicle flow. For this reason, the experience
method is more suitable for a single-variable calculation in explicit networks. The theoreti-
cal-model method is a processing method that is constructed according to solid theoretical
foundations and strict practical conditions. Though mainly abstracted from practice, the
theoretical-model method is, when compared with the experience method, more theoretically
reliable in construction, saves more time in calculation, and is more feasible in comprehen-
sive analysis, which means that it is more widely used in theoretical studies.

Similar to the law of universal gravitation, in the theory of economic gravitation in eco-
nomic dynamics, the economic ties among cities can be explained by the law of gravitation,
and also follow the rule of decay with distance (Yang, 1989). This means that the tie strength
between any two cities will decrease as the distance between them increases (Zhu, Wu and
Zheng, 2008). Reilly (1931) was the first to use the gravitation model in economics. Zipf
(1942) then adopted the gravitation model to city-system spatial-interaction analysis. Since
then, the gravitation model has been widely adopted by researchers examining the effect of
decay with distance and spatial interaction.

The basic model of gravitation is:

F=k—— )

where F;; is the gravitation of city i and city j; M; and M; are the mass of city i and city j; Dj;
is the distance between city i and city j; b is the distance decay coefficient; and k is an ex-
perience constant.
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Firstly, we will define the mass of cities. Our aim is to discuss the economic ties among
cities; therefore, the mass of cities should be presented principally as the individual eco-
nomic development level for every given city. Referring to previous studies, we use gross
domestic production (GDP) as one important indicator for mass measurement (Wang and
Zhuang, 1996). Human beings are considered to be the actors of economic ties among cities,
so the population should also be taken as an important indicator (Taaffe, 1962). With the
development of any city economy, the scale of a city is expanded both longitudinally and
horizontally, and the level of expansion is obviously correlated with the land areas within it
(Meng and Jia, 2000). Thus, we conclude that the development scale of a city is correlated
with its regional population, regional area and regional economic scale.

Then, we measure the distance between cities. In physics, the measurement of distance is
focused on the spatial distance. However, for economic ties, we cannot adopt spatial dis-
tance because cities are confined by actual traffic conditions. By way of substitution, we can
define economic distance by calculating the traffic length (Niu et al., 1998) or traffic time
(Meng and Lu, 2009). However, we still face some problems in calculating the traffic dis-
tance or traffic time because several types of traffic routes often exist for some cites. Nowa-
days, most traffic volume is attributed to highway transportation; thus, the total length of the
highway is a very significant indicator of a regional transportation system. We therefore use
the shortest highway length between two cities to measure the traffic distance. In addition,
Taaffe (1962) empirically studied the decay coefficient for two cities, and demonstrated that
the economic tie strength is inversely proportional to the square of distance between two
cities, thus resulting in a distance decay coefficient of 2.

Considering the causality that exists between potential economic ties and actual economic
ties between cities, the economic ties are directed, and ties between two cities are therefore
not equivalent. For this reason, we use the ratio of every city’s GDP to the sum of two cities’
GDP to modify the experience constant, k.

Therefore, the economic tie strength is calculated using the following equation:
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where Fj; is the economic tie of city i to city j; S; and S; are the areas of city i and city j; P;
and P; are the populations of city i and city j; G; and G; are the GDP values of city i and city
J; and Dj; is the shortest highway distance between two cities.

2.1.2 Social network analysis

Taking the node tie as an analytical unit, the network analysis method is concerned princi-
pally with network structure, which is embodied by the ties among nodes. Network structure
depicts the complex attributes of ties between the nodes, which will in turn show those
nodes’ diversity compared to other nodes. Meanwhile, the network structure will affect the
behaviors of the nodes in the network (Burt, 2000). With respect to the network formed by
nodes as represented by the various cities in an agglomeration, the structures can be both
social and economic, which means that an exploration of the network structure is of great
significance in obtaining insight into the features of an agglomeration.

SNA is an important methodology that is used in sociology to reveal the features of inter-
actions that occur between actors, making it a useful new paradigm in social-relation studies.
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SNA uses graph theory and algebra to depict the relation patterns in networks, and examines
the effect on individual or collective actors’ behaviors (Haythornthwaite, 1996). Therefore,
SNA is very suitable for studies in collective interaction and collective structure. Network
theory takes the “tie” or “relation” between nodes or actors as the basic unit of analysis, and
deems structure to be the actors’ behavior pattern, where structure can be both eco-
nomic-tie-based and social- or political-tie-based (Liu J, 2004). The most important issue in
SNA is how and to what extent the structure will affect the actors’ behavior.

SNA provides a useful tool for exploring the structure of an urban agglomeration network.
With the aid of SNA and its software, we can clearly trace the process of the formation of,
and interactions within urban agglomeration network structures, which makes the quantita-
tive evaluation of network structures possible. Therefore, we will adopt SNA to quantify the
urban agglomeration network structure. According to SNA, variables are concentrated
mostly on network density, network centrality, subgroup and structural holes. Therefore, the
next section will focus principally on these variables of urban agglomeration in the middle
reaches of Changjiang River.

2.2 Research background

From the west of Yichang, Hubei Province, to the east of Hukou, Jiangxi Province, the mid-
dle reaches of Changjiang River has a total length of 955 km, and occupies a large part of
Central China. In terms of administrative area, it covers the provinces of Hunan, Hubei and
Jiangxi, in which some primary water bodies, such as Dongting Lake and Poyang Lake, are
located. The region of the middle reaches of Changjiang River covers Jianghan Plain in
Hubei Province, Dongting Lake Plain in Hunan Province, and Poyang Lake Plain in Jiangxi
Province, making it the core area of China’s central region, as well as the engine that drives
China’s economic development. This region is widely recognized for its abundance of land,
mineral, and water resources. Some national transportation infrastructures, such as Zhegan
Railway (from Hangzhou, Zhejiang Province, to Zhuzhou, Hunan Province), Jingguang
Railway (Beijing to Guangzhou), Wujiu Railway (Wuhan to Kowloon) and Jingjiu Railway
(Beijing to Kowloon), intersect here, and most cities in this region are connected by high-
ways, thus making this region of China a very important traffic hub.

In order to enhance economic development in Central China, China’s government adopted
the “Rise of Central China Plan” in 2004, and then implemented several national develop-
ment strategies in regions such as the Wuhan Metropolitan Areas, the Ring of Changsha, the
Zhuzhou and Xiangtan City Clusters, and the Poyang Lake Ecological Economic Zone. A
conference about urban agglomeration in the middle reaches of Changjiang River was held
in 2012 by the authorities of three provinces (Hunan, Hubei and Jiangxi), resulting in the
consensus that urban agglomeration in the middle reaches of Changjiang River should center
on three provincial capitals of Wuhan, Changsha and Nanchang, and constituted the
cross-province area by combining the Wuhan Metropolitan Areas, the Ring of Changsha,
Zhuzhou and Xiangtan City Clusters, and Poyang Lake Ecological Economic Zone (See
Figure 1). The area surrounding the middle reaches of Changjiang River is famous for its
excellent location, prosperous transportation system, comparatively well-developed indus-
trial foundation and abundant science and technology resources, and is considered one of the
most important urban agglomerations in China. According to Chinese National New-type
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Urbanisation Plan (2014-2020), it figures significantly in China’s development strategy, and
will be regarded as the biggest urban agglomeration in China by 2020, as well as being the
fourth pole of China’s regional economic development.
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Figure 1 Diagram of the middle reaches of Changjiang River

2.3 Data source

This paper focuses on the cities in the Wuhan Metropolitan Areas, the Ring of Changsha, the
Zhuzhou and Xiangtan City Clusters, and the Poyang Lake Ecological Economic Zone, with
the researchers having collected data from the 27 cities, among which 9 cites of Wuhan,
Huangshi, Ezhou, Huanggang, Xiaogan, Xianning, Xiantao, Tianmen and Qianjiang are
located in the Wuhan Metropolitan Areas, 8 cities of Changsha, Zhuzhou, Xiangtan,
Yueyang, Changde, Yiyang, Loudi and Henyang are located in the Ring of Changsha, the
Zhuzhou and Xiangtan City Clusters, and 10 cites of Nanchang, Jiujiang, Jingdezhen,
Yingtan, Shangrao, Wuzhou, Xinyu, Ji’an, Yichun and Pingxiang are located in the Poyang
Lake Ecological Economic Zone. Of the 27 cities, three are provincial capitals, 21 are
prefecture-level cities, and the remaining three are subprefecture-level cities. We take the 27
cities as the economic network nodes for urban agglomeration in the middle reaches of
Changjiang River for network construction, thus making the scale of this network 27. In
terms of the data source, we refer mainly to national statistics and local statistics yearbooks.
The China City Statistics Yearbook 2010 was selected as the main data source, while the
Hunan Statistical Yearbook 2010, Hubei Statistical Yearbook 2010 and Jiangxi Statistical
Yearbook 2010 were introduced as complementary data sources.

We calculate the economic tie strength based on the economic tie model outlined in Sec-
tion 2.1.1. In order to exclude closed loops in the networks, we set the tie strength of a city
as 0. Taking 27 cities in the middle reaches of Changjiang River as the network nodes, we
connect them according to the economic ties with a threshold value of 0. This value denotes
that all economic ties, no matter how strong, will be presented wholly in the topology. The



SUN Qian et al.: An economic tie network-structure analysis of urban agglomeration in the middle Changjiang River 745

topology of economic networks is demonstrated in Figure 2.
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Figure 2 Network structure diagram of urban agglomeration in the middle reaches of Changjiang River (thresh-

old value = 0)

3 Data measurement and results analysis

3.1 Network viscosity

Network viscosity is the influential force among network actors and the cohesive force in
groups, and can be presented in terms of network density and network geodesic distance

(Freeman, 1979). Network density reflects
the closeness of ties among actors; thus,
higher density means closer ties among
actors. Geodesic distance is the shortest
distance between two actors. Cohesion is
calculated based on geodesic distance
(distance-based cohesion); thus, stronger
cohesion equates to the increased cohesive
force within the network.

The measurement of network viscosity
is illustrated in Table 1.

We can see that the network density is

Table 1 Network viscosity measurement of urban ag-
glomeration in the middle reaches of Changjiang River

Density/Distance Values

Density

Density (matrix average) 0.8376

Standard deviation 4.8759
Distance

Average distance (among reachable pairs) 2.166

Distance-based cohesion (“Compactness™)

(Range 0 to 1; larger values indicate greater 0.489

cohesiveness)

Distance-weighted fragmentation (“Breadth™) 0.511
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at a comparatively high level of 0.8376, implying that the network has a huge impact on re-
gional economic development and cooperation, and that the cities in the region have a high
tendency for interaction, and thus benefit from the advantages of urban agglomeration.
However, the ties among cities are affected by exchange costs, and the return to resource
utilization is determined by the comparison of benefits and costs from economic ties; thus,
the density value should be kept at a moderate level. Moderate network scale and density are
helpful in an urban agglomeration’s coordination and sustainable development. Therefore,
interactive effects and collaboration among similar cities should be reinforced. The standard
error is 4.8759, indicating that the value of economic tie strength-variance among cities is
high, and there exists a two-level difference in this region. In order to better reflect the vari-
ance in this region, we redrew the topology with the threshold value of 1 (Figure 3).

4 < | @  Provincial capital city
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Figure 3 Network structure diagram of urban agglomeration in the middle reaches of Changjiang River (thresh-
old value = 1)

As shown in Figure 3, some cities have very strong economic ties with surrounding cities.
Wuhan, for instance, has strong ties with Huangshi, Xiaogan and Ezhou; Changsha has
strong ties with Xiangtan and Zhuzhou. The cases above demonstrate that the central city
has the ability to strongly radiate to adjacent cities. However, some prefecture-level cities,
especially those in the Poyang Lake Ecological Economic Zone, are tied weakly to each
other. The geodesic distance of this whole network is 2.166, demonstrating that, on average,
every city should pass two to three nodes to connect the target city, and the economic com-
munication among cities is to some extent confined. The distance-based cohesion is 0.489,
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signifying that the cohesive force is not at a high level.
3.2 The centrality-of-network measurement

Centrality is used to measure an actor’s central tendency in its network position, as well as
its interaction advantages and disadvantages (Freeman, 1979). Centrality of network is dis-
cussed from two main perspectives: the node’s centrality, and the graph’s centralization. The
node’s centrality quantitatively analyzes other nodes’ dependence on the designated node,
and is represented by three indicators: degree centrality, closeness centrality and between-
ness centrality (Freeman, 1979). Degree centrality is defined as the number of links incident
upon a node. Thus, a higher value of degree centrality implies that the node has more power
to connect other nodes directly, and this node remains more closely at the center of network,
thus indicating that it has a higher social position and a greater privilege. Closeness central-
ity measures the dominant conditions for a given node, and only happens in a completed
connected graph. However, this indicator is significantly correlated to the indicator of degree
centrality, and is therefore seldom used in depicting the node’s centrality (Luo, 2010). Be-
tweenness centrality signifies the sum of geodesic distances of one given node compared to
other nodes. It is adopted to measure a node’s ability to be a betweenness centrality for other
nodes. If a node has a high value of betweenness centrality, this node must be less dependent
on other nodes. The centralization of any network is a measure of how central its most cen-
tral node is in relation to how central all the other nodes are. Centralization measures there-
fore (1) calculate the sum in differences in centrality between the most central node in a
network and all other nodes; and (2) divide this quantity by the theoretically largest such
sum of differences in any network of the same size (Freeman, 1979).

We calculate all indicators of an urban agglomeration economic network in the middle
reaches of Changjiang River using Ucinet 6. From the results, we observe that the outdegree
centralization of economic network is 8.125%, and the indegree centralization is 3.579%.
The values above are comparatively low, indicating that this region’s centralization is not
obvious, and that most cities remain at a status of comparative equilibrium. The explanations
for these results are that the urban agglomeration of the middle reaches of Changjiang River
is composed of cities from three provinces, and that each province has its own central city,
and thus the urban agglomeration has the configuration of a multi-center network. Be-
tweenness centralization is 35.38%, denoting that the centralization reflected by the central
media effect in the economic network is comparatively high; that is, that the number of cities
located in the betweenness position and also capable of controlling resources is compara-
tively big; even the central cities in subgroups can be at betweenness positions, and could
serve as hubs in connecting economic communications for other cities.

Table 2 displays the measurement of degree centrality and betweenness centrality for
every city in the economic network.

We now focus on the centrality indicators in this region. Firstly, we look at the degree
centrality, and the findings are as follows.

(1) Both indegree centrality and outdegree centrality display an obvious polarization trend.
From the sequence in Table 2, we can see that the central cities of Wuhan and Changsha
have a bigger outdegree centrality than other cities, illustrating that Wuhan and Changsha
are positioned as the cores of the economic network, and that both of them have strong
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Table 2 The centrality of the urban agglomeration economic network in the middle reaches of Changjiang River

D Degree centrality Betweenness centrality
Sequence Outdegree centrality Sequence Indegree centrality Sequence Centrality
1 Wuhan 213.40 Huangshi 106.00 Wuhan 248.44
2 Changsha 104.30 Ezhou 77.00 Changsha 129.64
3 Huanggang 52.00 Xiangtan 74.00 Nanchang 118.60
4 Zhuzhou 48.00 Zhuzhou 57.00 Xiantao 49.35
5 Xiangtan 34.20 Huanggang 36.00 Zhuzhou 48.08
6 Ezhou 27.20 Xiaogan 26.00 Xiangtan 43.31
7 Nanchang 21.00 Yiyang 24.00 Xinyu 34.93
8 Huangshi 15.10 Xianning 21.00 Yueyang 20.27
9 Yueyang 11.30 Changsha 20.00 Pingxiang 6.87
10 Yichun 9.20 Xiantao 18.00 Yichun 6.63
11 Xiaogan 8.00 Wuhan 17.00 Huangshi 5.74
12 Changde 7.00 Pingxiang 13.00 Ezhou 5.41
13 Yiyang 6.40 Yueyang 10.00 Wuzhou 4.83
14 Jiujiang 6.30 Jiujiang 10.00 Yiyang 3.57
15 Xinyu 6.20 Tianmen 10.00 Changde 2.00
16 Xiantao 4.00 Yichun 9.00 Qianjiang 1.02
17 Henyang 4.00 Xinyu 9.00 Tianmen 0.33
18 Pingxiang 3.10 Changde 8.00 Huanggang 0.04
19 Tianmen 2.10 Nanchang 7.00 Loudi 0.03
20 Wuzhou 2.10 Qianjiang 7.00 Jiujiang 0.02
21 Qianjiang 2.00 Loudi 7.00 Xianning 0.02
22 Loudi 1.20 Henyang 5.00 Shangrao 0.02
23 Xianning 1.20 Wuzhou 5.00 Henyang 0.02
24 Shangrao 1.00 Ji’an 5.00 Xiaogan 0.01
25 Ji’an 1.00 Jingdezhen 3.00 Ji’an 0.01
26 Jingdezhen 0.40 Yingtan 3.00 Jingdezhen 0.01
27 Yingtan 0.30 Shangrao 1.00 Yingtan 0.01

radiation abilities, so that they produce economic externalities for adjacent or surrounding
cities. Comparatively, Jingdezhen’s and Yingtan’s outdegrees are 0.4 and 0.3, respectively,
showing that they are far less capable of radiating to their surrounding cities. Similar char-
acteristics appear in indegree centrality. Huangshi, Ezhou and Xiangtan have a high level of
indegrees due to the fact that they are obviously affected by adjacent central cities (Wuhan
and Changsha). However, some remote cities, such as Jingdezhen, Yingtan and Shangrao,
have weak ties with other cities in the economic network, so they are neither capable of ra-
diating to their surrounding cities, nor acquiring radiation from their surrounding cities.

(2) The centrality of the Wuhan Metropolitan Areas and the Ring of Changsha, Zhuzhou
and Xiangtan City Clusters are obviously higher than that of the Poyang Lake Ecological
Economic Zone. From the ranks of indegrees and outdegrees, we can summarize that the
first ten biggest are all located in the Wuhan Metropolitan Areas and the center of the Ring
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of Changsha, Zhuzhou and Xiangtan City Clusters, while the last ten are located mainly in
the Poyang Lake Ecological Economic Zone.

(3) When comparing the values of outdegree with indegree, we discover that only five
cities (Wuhan, Changsha, Huanggang, Nanchang and Yueyang) have bigger outdegrees than
indegrees. This result shows that these five cities impose bigger economic effects on their
surrounding cities than they acquire from their surrounding cities. This is especially the case
for the cities of Wuhan and Changsha, whose economic effects on other cities are far beyond
those they receive from other cities, verifying their respective domination roles in urban ag-
glomeration.

With respect to the betweenness centrality of every city, we can see that:

(1) Wuhan has far more betweenness centrality than other cities — almost twice that of the
second city of Changsha — demonstrating that Wuhan is the center of urban agglomeration of
the middle reaches of Changjiang River, and that it has very dense ties with other cities.

(2) The top three places in terms of betweenness centrality are Wuhan, Changsha and
Nanchang, which are capital cities of Hubei, Hunan and Jiangxi provinces, respectively. This
result shows that every capital city is the center of its province, which means that they can
be regarded as being in a position of betweenness centrality in relation to other cities, and
that they exert a great impact on communication and cooperation with other cities in their
own provinces.

(3) The sum of betweenness centrality of all the cities in the urban agglomeration is 729,
and the sum of first five cities occupies more than 70% of the total, while the last ten cites
have a small quota of 0.1. Some cities, such as Yueyang, Yichun, Xiaogan, Changde, Yiyang,
Jiujiang, Xinyu and Xiantao, have very slim betweenness centrality. Therefore, we can con-
clude that the betweenness centrality for all cites proximately follows normal distribution,
and that the majority of economic ties are implemented by the betweenness cities such as
Wuhan, Changsha and Nanchang.

3.3 Measurement of subgroups

In order to explore the mechanism of the whole structure of the network, which is made up
of substructures, and to analyze the subgroups in the whole network, we must identify which
ties in a network are comparatively strong, direct, dense, positive and frequent. By doing so,
we can identify the subgroups from the aspect of the reciprocity of ties, the accessibility of
actors in subgroups, the exchange frequency of actors in subgroups, and the tie density of
actors in subgroups (Liu J, 2009). While a subgroup built on reciprocity is known as a
“clique”, Seidman and Foster (1978) found that n-clique is often vulnerable. Thus, we
choose k-plex, which is built on nodal degree, to analyze the subgroups. Here, a k-plex is a
maximal subgroup with the following property: each node is connected to at least n-k other
nodes, where n is the number of nodes in the subgroup.

The measurement of urban agglomeration subgroups aims to examine the small groups in
an economic network based on cities’ economic tie strengths. Here, small groups are not city
alliances, but densely connected economic teams. In these groups, the communication of
economic resources is implemented with high frequency, making them more like relatives
than others. We calculate the subgroups using the concor algorithm of Unicet. The meas-
urement results show that from 2-plex, the urban agglomeration economic network has four
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subgroups; we recalculate this from 3-plex, and can obtain seven subgroups (Figure 3). We
list the subgroup density and subgroup diagram in Table 3, Figures 4 and 5.

Table 3 Subgroup density of the urban agglomeration economic network in the middle reaches of Changjiang
River

ID 1 2 3 4 5 6 7

1 16.667 8.238 0.444 0.167 0.400 0.556 0.333

2 1.095 0.286 0.095 0.036 0.000 0.000 0.000

3 0.222 0.238 1.000 0.583 0.000 0.222 1.000

4 0.000 0.000 0.083 0.167 0.000 0.000 0.000

5 0.444 0.190 0.333 0.000 2.667 20.833 1.667

6 0.067 0.114 0.000 0.000 0.400 1.067 0.000

7 0.000 0.000 0.833 0.000 0.000 0.500 2.000
Wehan | 3 2 I From Table 3, Figures _4 and 5,
Ir{{m; " 3 o we f:an draw the following con-

2 clusions.
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Xiaogan
Xianning 6 k
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E{%E-}E?g é e tered by the Wuhan Metropolitan
ggm:al:m lzgi__% Areas belong to one subgroup
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ﬁ'}ﬁ}ﬂ;]lm 20-»_%_%_%;4? groups when from 3-plex. The
?;ﬁgg‘? R subgroup composed of Wuhan,
Changsha 10—

Ezhou and Huanggang has the

Xiangtan IZ%
Zhuzhou 11 —— highest density value, and very

Changde |4 S~

bﬂ}ig'\ang |?“““=—=—=\;, et strong radiation to the subgroup

¥R{$11gl"lg e made up of the cities of Huangshi
16 — -

PitaatiG and Xiaogan. From the above, we

know that the cities in the Wuhan
Metropolitan Areas are densely
tied to each other. Furthermore,
the subgroup formed by Wuhan, Ezhou and Huanggang imposes economic radiation on six
other subgroups. Because this subgroup is strongly tied to other cities in economic commu-
nication, and no other subgroups can compete with it, we can infer that the network devel-
opment in the urban agglomeration is based mainly on the subgroup of Wuhan, Ezhou and
Huanggang.

(2) Ten cities of this urban agglomeration are located in Jiangxi Province, which belong to
four subgroups when from 3-plex, among which Jiujiang belongs to the second subgroup of
the Wuhan Metropolitan Areas, and the subgroup of Yichun and Pingxiang are parallel to the
subgroups of the Wuhan Metropolitan Areas and the Ring of Changsha, Zhuzhou and
Xiangtan City Clusters from 2-plex. We can conclude that the Poyang Lake Ecological
Economic Zone has not economically formed a significant urban agglomeration, and that the
economic ties among the cities in this zone are not dense, which means that the central city
has weaker radiation and diffusion effects in relation to its surroundings. Comparing the

Figure 4 Subgroup of the urban agglomeration economic network
in the middle reaches of Changjiang River (from 2-plex and 3-plex)
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L @_ Provincial capital city
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Figure 5 Subgroup diagram of the urban agglomeration economic network in the middle reaches of Changjiang
River

density values, we can see that the Poyang Lake Ecological Economic Zone has very slim
economic ties with the Wuhan Metropolitan Areas and the Ring of Changsha, Zhuzhou and
Xiangtan City Clusters. This is especially true in the case of the subgroup of Wuzhou, Jing-
dezhen, Shangrao and Yingtan, which only interacts significantly with the subgroup of
Nanchang, Ji’an and Xinyu.

(3) The Ring of Changsha, Zhuzhou and Xiangtan City Clusters belong to one subgroup
when from 2-plex, and two subgroups when from 3-plex, basically reflecting the formation
of a “3+5” urban pattern in Hunan (the “3+5” urban pattern is the Ring of Changsha,
Zhuzhou and Xiangtan City Clusters; here, “3” represents the three cities of Changsha,
Zhuzhou and Xiangtan, and is the core of this cluster, and “5” represents the surrounding
five cities of Yueyang, Changde, Yiyang, Loudi and Henyang). Furthermore, we find that the
radiation from the subgroup of Changsha, Zhuzhou and Xiangtan to the surrounding five
cities is the strongest in the urban agglomeration in the middle reaches of Changjiang River,
verifying that the “3+5” urban pattern strategy taken by the Hunan Provincial authority has
preliminarily succeeded. Changsha, Zhuzhou and Xiangtan have gradually become growth
poles in Hunan Province, and are exerting their abilities in expanding the local economy and
leading local development.

3.4 Measurement of structural holes

Burt (1992) found that structural holes represent the non-redundancy ties between two actors.
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In a network, the nodes that occupy the position of structural holes are bridges for resource
exchange for other nodes; thus, they shoulder the broker positions. Structural holes dominate
the flow of information and resources in the whole network, and are able to acquire re-
sources in an efficient way. Two kinds of gauge are given to measure structural holes: the
first is Burt’s measurement of structural holes, while the other is the measurement of be-
tweenness centrality recommended by Freeman (1979). Burt’s measurement considers four
indicators: effective size, efficiency, constraint and hierarchy, so this method is more influ-
ential in evaluating network’s information compared to Freeman’s method. Therefore, we
take Burt’s method to measure structural holes.

Table 4 is the result of our measurement of structural holes. From this table we know that
Wuhan, Changsha and Nanchang rank in the first three positions, indicating that these three
cities have more non-redundancy ties, and that they have more efficient communication with

Table 4 Measurement of structural holes in the urban agglomeration economic network in the middle reaches of
Changjiang River

Number Nodes Effective Size Efficiency Constraint Hierarchy
1 Wuhan 21.929 0.953 0.288 0.606
2 Huangshi 4.215 0.602 0.789 0.760
3 Ezhou 5.928 0.847 0.676 0.549
4 Huanggang 2.438 0.813 0.806 0.364
5 Xiaogan 2.062 0.412 0.917 0.883
6 Xianning 3.338 0.556 0.916 0.658
7 Xiantao 3.381 0.563 0.676 0.707
8 Tianmen 3.143 0.629 0.697 0.470
9 Qianjiang 3.644 0.729 0.562 0.300
10 Changsha 15.653 0.870 0.469 0.580
1 Zhuzhou 7.106 0.646 0.710 0.660
12 Xiangtan 5.049 0.561 0.714 0.627
13 Yueyang 7.408 0.741 0.448 0.312
14 Changde 4.150 0.692 0.712 0.333
15 Yiyang 3.481 0.580 0.812 0.501
16 Loudi 3.239 0.648 0.703 0.222
17 Hengyang 1.991 0.498 0.876 0.179
18 Nanchang 13.225 0.882 0.252 0.271
19 Jiujiang 3.093 0.619 0.600 0.366
20 Jingdezhen 1.887 0.629 0.646 0.026
21 Yingtan 1.933 0.644 0.818 0.212
22 Shangrao 1.400 0.700 0.713 0.045
23 Wuzhou 2.149 0.716 0.660 0.604
24 Xinyu 4.620 0.770 0.439 0.286
25 Ji'an 3.831 0.766 0.443 0.086
26 Yichun 5.487 0.784 0.390 0.205
27 Pingxiang 5.295 0.756 0.489 0.155
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other cities. For this reason, Wuhan, Changsha and Nanchang are more important in control-
ling and affecting economic resource communication. Hengyang, Yingtan, Jingdezhen and
Shangrao have a value of less than two, showing that they have fewer ties with other cities.
We can see that the value of efficiency in Wuhan is approaching 1, denoting that Wuhan’s
effective size is close to its actual size. In addition, some other cities, such as Nangchan,
Changsha, Ezhou and Huanggang, have efficiency values of 0.8 or above, demonstrating
that all of these cities have comparatively important influences on other relative cities. It is
worth noting that Hengyang and Xiaogan have efficiency values of less than 0.5, reconfirm-
ing that these two cities are not active in influencing other cities. From the constraint per-
spective, Nanchang, Wuhan and Yichun are valued at less than 0.4, so they occupy the big-
gest amounts of structural holes in the network, and always take the positions of bridging
other cities. Most resources will pass through these three cities. Xiaogan and Xianning’s
values are above 0.9, implying that their constraints or dependencies are the biggest; that is,
that they are strictly constrained by the other cities they are tied with. From a hierarchy per-
spective, Xiaogan, Huangshi and Xiantao have a higher hierarchy of more than 0.7, which
indicates that they are highly constrained in the network, and will therefore face some
handicaps in implementing their functions. Ji’an, Shangrao and Jingdezhen have the smallest
hierarchy, meaning that the constraints from their surrounding cities are generally equal.

4 Conclusions and recommendations

With the introduction of a modified gravitation model and SNA, we construct an urban ag-
glomeration economic tie model, and empirically study the economic network structure of
urban agglomeration in the middle reaches of Changjiang River. The main conclusions are
as follows.

(1) From a whole-network perspective, the urban agglomeration network has a compara-
tively high density, which implies that this region has formed an economic network, and the
ties of cities in the network are comparatively dense.

(2) This urban agglomeration has significant subgroups, and four subgroups are located in
Wuhan Metropolitan Areas (only one subgroup of the four is located in this area), the Ring
of Changsha, Zhuzhou and Xiangtan City Clusters (one subgroup) and Jiangxi Province
(two subgroups). There are obvious economic communications in each subgroup, while
there are fewer economic behaviors among subgroups. This is especially true for the two
subgroups in the Poyang Lake Ecological Economic Zone, and the ties between them should
therefore be strengthened in future.

(3) The pattern of economy driven by central cities has basically formed because the three
capital cities of Wuhan, Changsha and Nanchang have a great ability to radiate to their sur-
rounding cities. Within this urban agglomeration, three capital cities play very important
betweenness roles and have strong diffusion effects to other surrounding cities. However, the
surrounding cities are less able to absorb the resources from central cities. Uneven resource
diffusion and absorption abilities may damage the economic integration of urban agglom-
eration, calling for more policies to encourage the alleviation of these imbalances among
various cities.

(4) From the network measurement of structural holes, we can see that the subgroup of
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the Wuhan Metropolitan Areas imposes important effects on its surrounding cities, and that
the surrounding cities are generally constrained by the central city. The subgroups in Jiangxi
Province have more structural holes compared to other regions, and the cities in the periph-
ery of these subgroups have fewer ties with surrounding cities. However, the cities in the
Ring of Changsha, Zhuzhou and Xiangtan City Clusters are basically densely tied to each
other, so the structural holes are not great in number, and constraints in this subgroup are at a
low level.

Restricted by administration, there are many problems and handicaps when it comes to
the networking process of urban agglomeration in the middle reaches of Changjiang River. It
is therefore recommended that policies focus on propelling the combination of infrastruc-
tures, integrating resources and economic factors, and strengthening the economic ties
among cities in this agglomeration, so as to fulfill the regional integration of urban agglom-
eration. It is also recommended that policymakers should pay more attention to the eco-
nomic interactions of subgroups, thereby further improving the radiation abilities from cen-
tral cities, and enhancing the absorption abilities for small and medium cities. With respect
to the geographic plan, we suggest that urban agglomeration can be mapped as a multi-
ple-center configuration; that is, Wuhan, Changsha and Nanchang as the centers, and Ezhou,
Zhuzhou and Jiujiang as the sub-centers. In light of the requirements of regional economic
integration, policy emphasis should be concentrated on digging out every subgroup’s re-
spective advantageous industries in order to expand industry combination and cooperation,
and thus boost the collective improvement of each subgroup’s advantageous industry, and
realize total collaboration development for urban agglomeration in the middle reaches of
Changjiang River.

It is worth noting that the scope of urban agglomeration in the middle reaches of Chang-
jiang River has not reached consensus by authorities, so the geographic location may con-
tinue to change. Meanwhile, the economic ties identified in this paper are not only affected
by GDP, population and distance, but also by other factors such as economic structure and
industrial segmentation. For the dynamics of urban agglomeration, future research into eco-
nomic network structure can be implemented in terms of scope variation in urban agglom-
eration and economic radiation ability for each city in this region. In addition, it is recom-
mended that further studies focus on the possibility of modifying the gravitation model and
introducing more factors by which the economic ties among cities may be measured.
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