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Abstract: In order to improve the accessibility of urban agglomerations traffic network, the
accessibility of urban agglomeration compound traffic network was empirically studied from a
new view. A quantitative description of the accessibility of urban agglomeration was put
forward by weighted travel time, weighted economic potential, and interaction force. Firstly,
four single mode of transport sub-networks was built, including highway sub-network, rail
sub-network, aviation sub-network and waterway sub-network so that urban agglomeration
compound traffic network was formed by the superposition based on complex network theory.
Secondly, the effective average travel time, city economic coefficient was chosen as
quantitative measure index of accessibility. Finally, the model of Hohhot-Baotou-Ordos urban
agglomeration compound traffic network was built to be empirically studied. The results show
that it formed a structure of concentric circle with the center of Baotou and the accessibility
intensity gradually decreases outward. The effective superposition of highway sub-network and
rail sub-network can increase the accessibility of any point.

1. Introduction

With the rapid development of society and economy, the phenomenon of urban agglomeration is
becoming more and more obvious. Traffic demand continues to rise in urban agglomerations. In the
process of traffic network construction, the interaction between different modes of transportation
causes bad competition and the accessibility of traffic network of urban agglomerations is restricted.

If the change of network accessibility measure index can be compared and the interaction between
different transportation modes can be analyzed, it can effectively improve the cohesion of various
transportation mode in urban agglomerations, realize the advantage complementation so as to avoid
the bad competition between different transportation modes.

At present, scholars at home and abroad have made some achievements in the research of traffic
network accessibility. The concept of accessibility was first proposed and the development
opportunity of urban agglomeration can be evaluated through measuring traffic network structure by
accessibility index[1]. Linneker B, etc. studied the impact on Londen’s economy of changes in its
Highway Network accessibility[3]. Jin F J, etc. investigated the accessibility of China’s railway
passenger transport network[4]. The influence of the development of high speed railway on the spatial
pattern of urban agglomerations was demonstrated, and the corresponding spatial evolution trend was
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revealed[5-7]. The accessibility and evolution of the main nodes in the highway network of the
Yangtze River Delta were studied by comparing the time interval and the weighted travel time[8].

In conclusion, for the study of accessibility, scholars at home and abhighway are mostly limited to
the single mode of transportation network. There is little research on the accessibility of urban
agglomerations. However, Connecting different modes of transportation efficiently will improve the
overall performance of the transportation network and reduce transportation costs. Based on this, a
model of urban agglomeration compound traffic network will be built with the object of urban
agglomeration. Different traffic modes will be used to compare and analyze the accessibility between
single traffic sub-network and compound network. It is beneficial to make scientific management
strategy and can provide theory evidence for the convenient and reliable of urban agglomeration and
management strategies.

2. Construction of urban agglomeration compound traffic network model

2.1. Construction of urban agglomeration highway sub-network model

There are two methods to build urban highway traffic network: one is Primal approach[9-12], the other
is Dual approach[9-12]. Primal approach takes signal intersections on actual road as nodes, the routes
between two intersections as edges of network model. Dual approach takes the actual exiting roads as
nodes, and the intersections as edges of the network. In this paper, towns in agglomerations are taken
as nodes, and roads among towns are taken as edges, so the urban agglomeration highway
sub-network model is constructed.

2.2 Construction of urban agglomeration rail sub-network model

There are two methods to build rail transit network: one is Space L, the other is Space P. Space L takes
rail stations in urban agglomerations as nodes, the routes between two interlinked sites. Space P takes
train number as the node and the orbital site is defined as the edge. This paper will use the method of
Space L, rail stations are defined as nodes, connections between nodes are defined as edges, so the
urban agglomeration rail sub-network model is constructed.

2.3 Construction of urban agglomeration aviation sub-network model

At present, there are two kinds of modeling methods for aviation network,: take the airport in the city
as the node or take the city where the airport is as the node. If there is flight between two airports or
cities, there is an edge between the two nodes. Take the city where the airport is located as a node. If
there is a flight between the nodes, the two nodes are connected by one side. Thus, the model of urban
agglomeration aviation sub-network is constructed.

2.4 Construction of urban agglomeration waterway sub-network model

The method of constructing waterway network model is similar to the model of rail transit network,
and is divided into Space, L and Space P. The urban agglomeration waterway sub-network model can
be modeled by analogy. The city in which the port is located is taken as a node. If there is a same route
between the ports, there is an edge between the nodes. Thus, the urban agglomeration waterway
sub-network model is constructed.

2.5 Construction of compound traffic network model

There are two main ways to construct the traffic network, the road mapping method and the site
mapping method". With regard to urban agglomeration, because of the large number of nodes and
uneven distribution of the network, the complexity of the network is high and the error is great. If the
road mapping method is used, the traffic network characteristics can not be accurately reflected.
Therefore, the "site mapping method" is adopted in this paper". The urban agglomerations are
abstracted into undirected and weighted networks. Take the city and important township among the
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urban agglomeration as the node, if there is a line between the two nodes, there is an edge. If two
nodes are adjacent, they can be regarded as a point, the edge is in like manner.

3. Accessibility index of urban agglomeration compound traffic network

3.1 Urban agglomeration compound weighted average travel time

In a urban agglomeration compound traffic network, compound weighted average travel time is the
effective time from one node to another. The smaller the index value is, the higher the accessibility of
the node is, namely, the economic development of the node is rapid. It can be obtained by formula (1).

Ai:iAixxwx (1

x=1

Where, 4i represents the weighted average travel time of node I within the urban agglomeration;
v represents weighed average travel time of mode * / (including roads, railways, aviation and water
transport mode) of node’; @ represents the weight of mode ¥ (the value of X is 1, 2, 3 and 4. They

are roads, railways, aviation and water transport mode respectively) in urban agglomeration; Dris
affected by many factors and can be determined by entropy method.

For A, , it can be obtained by formula (2).

ST, xM,
4, =5

x (2

.M,

Jj=1
Where,AiXis the weighted average travel time of mode” of node! in urban agglomeration; " is the

nodal degree of node’in a traffic sub-network; T is the shortest distance(measured by time) from
node’ to node / by mode ¥ (the value of X is 1, 2, 3 and 4. They are roads, railways, aviation and

water transport mode respectively); M; s the economic strength of node or the radiation force and
attraction to the surrounding area. It can be obtained by formula (3).

M, =\/P*GDP (3)

Where, P is the total population of node J ,GDP is the total output value of node J .

3.2 City economic non strength coefficient of urban agglomeration
The interaction network between cities is the interrelation intensity between city and city. The
intensity of economic relations between cities can be measured by Newton's gravity model, the

formula (4) is as follows.
26, |Pg,
Fy=—= (4
D,
PP, B) Gj Gn

F .. . . . .
Where, ~ “is the economic non strength coefficient between city @ and city/ ;" 7 .

respectively indicate the population and GDP of city © and city] ; Time distance can be calculated by
formula (5) (6).
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p, =L (5)

o
fs,=4aa,--a, (6)

Where, = % is the size of city O s influence on the c1tyJ ; B, is the economic development level

index of cityO; L is the reachability time between city O and cityJ ; %is a single index of urban
economic strength(”? takes 1,2,3; respectively indicate GDP, Gross industrial output value, fixed
assets investment ). The data is from the Inner Mongolia Autonomous Region statistical yearbook. The
driving speed is determined according to the technical standard of highway engineering and the
national railway regulations, the highway is 80 kilometers per hour, and the railway is 100.

3.3 Weighted economic potential of urban agglomeration compound network
Economic potential is an index that reflects the accessibility from economic costs. The greater the

score is, the greater the economic potential of node! is, and vice versa.

4
P=) P.xw, 7
x=1

Where, F is the economic potential of node’; E, is the economic potential of using some kind
of transit (X takes 1,2,3 and 4; respectively indicate roads, railways, aviation and water transport
mode). It can be calculated by formula(8).

r'M
— E J
Jj=1 =ij
M; i the economic strength of node / or the radiation force and attraction to the surrounding area;

71is the traffic cost(time cost) of using a traffic mode from node’to node”/ . & is distance friction
coefficient, usually taken as 1[9]. & is the number of cities that have been measured.

4. Empirical research on accessibility of Hohhot-Baotou-Ordos urban agglomeration compound
traffic network

4.1 Construction of Hohhot-Baotou-Ordos urban agglomeration compound network model
Hohhot-Baotou-Ordos urban agglomeration, in Inner Mongolia Autonomous Region, is selected as the
research object. Cities and important countries are taken as the node. If the nodes are opened to traffic,
there is an edge between two nodes. Hohhot-Baotou-Ordos urban agglomeration is located inland,
there is no waterway, and the air route is single. So the compound traffic network of urban
agglomeration is mainly considered from highway and railway. The highway sub-network and rail
sub-network are superimposed to form a compound traffic network.

4.2 Weighted travel time analysis

When the node contains two modes of traffic, namely highway and rail, entropy method is used to
determine that highway transit weight is 0.833, rail transit weight is 0.167. According to formula (1),
the index values of nodes in compound traffic network are as shown in Table 1.
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Table 1 An important indicator of city groups in all counties in the district

Total fixed city
. opulation . Grosg assets economic
. Rail Compound pop industrial .
Highwa . at the end . . investme  developmen
nodes travel  weighted City quality GDP output -
y travel . . of the o nt t level index
time time travel time year(peopl value(milli (milliony
¢ on yuan) uan) ( fS‘O )
Huhhot
New City 2.11 1.99 2.08996 355366 2142275'44 3339527 374654 1360800 55752988'12
District
Huhhot
Sai-han 2.33 2.45 2.35004 401686 1269;41.22 2679503 1331214 1451200 43002122'66
District
Batou
Kun-dulun 2.15 1.4 2.02475 643600 1037§57'87 7132737 8818694 2755126 1729255'38
District
Baotou
Donghe 1.98 1.33 1.88314 506600 10893582'55 2952615 1839506 2129700 1194(;88'57
District
Tumd Right —, }, 1.37 1.99976 308200 654064.523 1388061 670635 1240000  1048991.93
Banner 9
Bayan Obo 4.5 4.98 3.9823 25500 688329'352 189132 28330 190963 8510(;9'390
Dongsheng 54 2.32 221634 253127 OSB8I 5093976 3179800 4005333 608640.796
District 3 3
Dalad 2.08 1.55 1.96644 359528 149091.714 2800259 3106783 1520133 523814429
Banner 1 3

“ means non-existent in Table.

According to the formula (2) (6), the weighted average travel time value of each city is calculated.
Here Huhhot New City District Huhhot Sai-han District, Batou Kun-dulun District, Baotou Donghe
District, Tumd Right Banner, Bayan Obo, Dongsheng District, Dalad Banner are listed. When these
eight cities can only be transported by highway, their travel time are 2.11, 2.15, 2.38, 2.33, 1.98, 2.12,
4.5 2.08 respectively. Compound weighted travel time are 2.08997, 2.02475, 2.21634, 2.35004,
1.88314, 1.99976, 3.9823, 1.96644 respectively. It can be seen that Hohhot-Baotou-Ordos urban
agglomeration compound traffic network’s weighted travel time is close to that of highway
sub-network, but slightly lower. The superposition of highway sub-network and rail sub-network has
not brought about great changes of accessibility. Compared with the single highway sub-network, the
change rate of the compound network is not large, which shows that the highway transit is still the
main mode of passenger and freight transport, the railway accounts for less.

In route of Donghe District (1.88314) - Baotou Kun-dulun (2.02475) - Baiyunebo (3.9823), the
compound weighted travel times are increased, which indicate a gradual decline of accessibility. So as
the route of Baotou Donghe District ( 1.88314 ) - Dalad Banner ( 1.96644 ) - Dongsheng
District(2.21634) . In addition, Other counties Township are all in the 8 site coverage area, which can
be approximately equal to the site. By this token, the closer to Baotou, the lower the city index score is
and the higher the accessibility is. Conversely, reachability decreases.

4.3Non strength coefficients analysis

According to the formula (4) (5) (6), the non strength coefficients between the cities can be calculated.
The population size and GDP value of urban areas in Inner Mongolia in 2014 is adopted. Huhhot New
City District has influence on the economic non strength coefficient of seven other cities. The order
from high to low is Bayan Obo(97.84), Dongsheng(26.77), Kun-dulun District(24.31), Dalad
Banner(20.97), Tumd Right Banner(16.53), Donghe District(2.47), Sai-han District(0.4). The non
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strength coefficients of Dongsheng to the other 7 cities arranges from high to low as Huhhot New City
District(90,03), Bayan Obo(92.96), Saihan District (54.62), Tumd Right Banner(24.26), Kun-dulun
District(14.52), Donghe District(10.11), Dalad Banner(4.88). The non strength coefficients of Baotou
to the other 7 cities arranges from high to low as Huhhot New City District (113), Bayan Obo(73.4),
Saihan District(67.94), Dongsheng(20.17), Tumd Right Banner(11.03), Dalad Banner (2.09), Donghe
District(0.78). Concentric circles trend has been formed of Baotou, Hohhot, Ordos area, Baotou is is
the center and diverge outwards, The farther away from Baotou, the higher economic coefficient is
and the lower the accessibility is. And Baotou is more closely connected with the surrounding cities
than Hohhot and Ordos.

4.4Compound traffic time analysis

In Hohhot-Baotou-Ordos urban agglomeration, when the node contains two modes of traffic, namely
highway and rail, entropy method is used to determine that highway transit weight is 0.833, rail transit
weight is 0.167. According to formula (8), the index values of nodes in compound traffic network are
as shown in Table 2.

Table 2 economic potential

Highway economic Railway economic Compound weighted
nodes : ) ) .
potential potential economic potential

New City 1951.02 854.12 1767.8377
District

Saihan District 2043.34 673.26 1814.53664

Kun-dulun 1508.89 1326.56 1478.44089
District

Donghe District 2164.45 1517.78 2056.45611

Tumd Right 1407.06 1257.66 1382.1102
Banner

Bayan Obo 587.28 235.38 528.5127
Dongsheng 1186.44 648.03 1096.52553
Dalad Banner 1346.51 1470.79 1367.26476

According to the formula (7) (8), the compound weighted economic potential of each city can be
calculated. By comparison, the compound economic potential is higher , indicating that compound
traffic can relieve the pressure of a single traffic mode. The economic potential index value of roads is
higher than that of railway, because in the urban agglomeration, the highway transit is as the main
mode. The total proportion of the compound weighted economic potential in the Donghe Distric was
17.89%, which indicated that the compound traffic network had the highest cost, the largest number of
trips, and the best accessibility. The accessibility of these 8 cities decreases as the distance from the
Donghe District decreases, and the weighted economic potential decreases gradually. The lowest was
Bayan Obo (528.5127). The compound traffic network of Hohhot-Baotou-Ordos urban agglomeration
takes Baotou as center, forms a divergent concentric circle structure.

5. Conclusion

An empirical research of accessibility has been made on Hohhot-Baotou-Ordos urban agglomeration.
The data shows that Hohhot-Baotou-Ordos urban agglomeration compound network is with single
structure, The superposition of rail transit does not make the network structure change greatly, but the
rail traffic disperses the traffic pressure of the highway network to a certain extent, and increases the
accessibility with the surrounding city. Cities with the comprehensive strength have better
accessibility, closing to Baotou, Hohhot, Ordos and Dongsheng. By the comparison of nodes and
edges, it is found that the accessibility of cities is not proportional to the comprehensive strength of
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cities. Therefore, in the future planning, the degree of node can not be single index of the accessibility
of urban agglomerations.
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