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Abstract: Evaluation of the railway network distribution and its impacts on social and economic
development has great significance for building an efficient and comprehensive railway system.
To address the lack of evaluation indicators to assess the railway network distribution pattern at the
macro scale, this study selects eight indicators—railway network density, railway network proximity,
the shortest travel time, train frequency, population, Gross Domestic Product (GDP), the gross
industrial value above designated size, and fixed asset investment—as the basis of an integrated
railway network distribution index which is used to characterize China’s railway network distribution
using geographical information system (GIS) technology. The research shows that, in 2015, the railway
network distribution was low in almost half of China’s counties and that there were obvious differences
in distribution between counties in the east and west. In addition, multiple dense areas of railway
network distribution were identified. The results suggest that it might be advisable to strengthen
the connections between large and small cities in the eastern region and that the major urban
agglomerations in the midwest could focus on strengthening the construction of railway facilities to
increase the urban vitality of the western region. This study can be used to guide the optimization of
railway network structures and provide a macro decision-making reference for the planning and
evaluation of major railway projects in China.
Keywords: railway network; railway network density; proximity; the shortest travel time; railway
network distribution index

1. Introduction
Railways are a basic element of transportation systems and have played a key role in social and
economic development in many countries since the 19th century. With the recent rapid development of
urbanization in China, by the end of 2016, the length of the railway network had reached 1.24 × 105 km,
and the length of China’s high-speed rail (HSR) network was nearly 66 times that of the United States
(United States: 362 km) [1]. China’s first HSR route (Shenyang–Qinhuangdao), on which trains operate
at a speed of 200 km/h, opened in 2003, almost 50 years after the world’s first HSR route in Japan in
1964. By July 2013, however, China had the largest HSR network in the world (at 9760 km), accounting
for 46% of the world’s total [2]. At the same time, China’s GDP (USD 11.20 trillion) is only three-fifths
that of the United States (USD 18.62 trillion) [1], which implies a potential mismatch between railway
investment and economic development and highlights the significance of having an efficient and
comprehensive railway system. Evaluating the railway network distribution and its impact on social
and economic development is an important area of research in economic geography and regional
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economics [3,4]. Accessibility has long been a central issue in transport geography and is a commonly
used indicator in the field of transportation network analysis, transport planning, and land use [5,6].
Accessibility is a popular measure for assessing the overall spatial structure of a transportation
network [7]. In 1959, Hansen was the first to define accessibility as the size of the interactions between
nodes in a transportation network, and he suggested a method to measure it in metropolitan areas [8].
In 1979, Morris stated that accessibility is the means to reach a given activity site from a certain place
by a specific transportation system [9]. Since the formation of these definitions, accessibility has been
a central theme in transportation studies, and its measurement can be divided into three groups based
on function: spatial separation, cumulative opportunity, and spatial interaction measures [10]. The first
group involves calculating the topological length, the shortest distance, time, or cost between two
nodes [11,12], and only measures the connectivity of the transportation network. The second group
focuses on the proximity of cities to development opportunities and involves estimating the size of the
population or the scale of the economic activities that can be reached from a node within a certain
period of time [13,14]. The third group comprises what are called potential values [15,16].
The advantages and disadvantages of the three groups are as follows. The methods of the first
group take the cost of the individual flows in the transportation network into account, it do not consider
the distance attenuation and the magnitude of the force at each point. The methods of the second
group essentially measure accessibility by evaluating the convenience of a certain point of travel,
without considering the interaction between the measurement point and the attraction point and the
attenuation of its spatial effect with distance. The methods of the third group combine the spatial effect,
distance, and gravitational scale of each attraction point in space to measure the accessibility—the
larger the force between an attraction point and the measurement point, the smaller the distance
between them and the higher the accessibility level.
In summary, scholars have developed research methods and applications for railway accessibility,
laying a methodological foundation for the study of railway network distribution. The above methods
are used to analyze the spatial effects of transportation accessibility or transportation conditions
from different perspectives. However, although many scholars have macroscopically analyzed
railway distribution, a method that systematically and comprehensively evaluates the railway network
distribution combined with the social economy is still lacking. This is need to further refine the system
mechanism of the railway network and shape the regional spatial structure.
Therefore, based on the passenger railway networks, this study constructs a railway network
distribution index including assessment of the railway network density, railway network proximity,
the shortest travel time, train frequency, and social-economic indicators, to explore the characteristics of
China’s railway network distribution in 2015. This method could be used to optimize railway network
structure and as a macro-level decision-making reference for evaluating major railway projects.
2. Materials and Methods
2.1. Research Area and Data Sources
In China, the administrative divisions are divided into provincial administrative districts,
prefecture-level administrative districts, county-level administrative districts, and the town-level
administrative districts. The county-level administrative districts include city-governed districts,
county-level cities, counties, autonomous counties, flags, autonomous flags, special zones, and forest
areas [17]. In this study, county-level administrative districts are used as the basic statistical unit,
and city-governed districts are merged into one.
There are many distribution structures of urban agglomerations according to different criteria and
principles. In China, the main urban agglomerations structures are Shimou Yao’s “6 + 7” plan [18],
Chaolin Gu’s “3 + 3 + 7 + 17” plan [19], and Chuanglin Fang’s “5 + 9 + 6” plan [20]. In this paper,
Chuanglin Fang’s “5 + 9 + 6” plan is used to discuss the railway network distribution with regard
to urban agglomeration, because this plan takes China’s major function-oriented zoning [21] and
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national urban system planning for 2006–2020 into account [22] and can describe urban agglomeration
comprehensively. Focused on the new urbanization policy, this plan scientifically cultivates large,
medium and small scale and gradient urban agglomerations, building five national-level urban
agglomerations (Yangtze River Delta, Pearl River Delta, Beijing-Tianjin-Hebei, Triangle of Central
China, and Chengyu), nine regional-level urban agglomerations (Harbin-Changchun, Shandong
Peninsula, Liaozhongnan, West side of the Straits, Central Plains, Guanzhong Plain, Jianghuai, Beibu
Gulf, and Tianshan North Slop), and six local-level urban agglomerations (Hubaoeyu, Jinzhong,
Ningxia along the Yellow River, Lanxi, Dianzhong, and Qianzhong), promotes the coordinated
development of urban agglomerations at different levels, and forms a new system of “5 + 9 + 6”
spatial structure of China’s urban agglomerations. This plan provides a scientific prescription for
rational construction of urban agglomerations, plays the high-end think tank of the development
of the national urban agglomerations, promotes the urban agglomerations as the main body for the
new urbanization, and also makes an important decision-making support for the construction of the
urban agglomerations.
Due to China’s accelerated economic and social development, the country is divided into
four major economic regions: the eastern region, which includes Beijing City, Tianjin City, Hebei
Province, Shanghai City, Jiangsu Province, Zhejiang Province, Fujian Province, Shandong Province,
Guangdong Province, and Hainan Province; the northeast region, which includes Liaoning Province,
Jilin Province, and Heilongjiang Province; the central region, which includes Shanxi Province, Anhui
Province, Jiangxi Province, Henan Province, Hubei Province, and Hunan Province; and the western
region, which includes Inner Mongolia, Guangxi, Chongqing City, Sichuan Province, Guizhou Province,
Yunnan Province, Tibet, Shanxi Province, Gansu Province, Qinghai Province, Ningxia, and Xinjiang [23].
The main features of economic and social development in the various regions are the development of
the western region, the revitalization of the northeast region, the rise of the central region, and the
leading development in the eastern region.
The specific data sources, shown in Table 1, included (1) land area, population, GDP, gross
industrial value above designated size, and fixed asset investment by county-level administrative
districts of China for 2015, obtained from the China County Statistical Yearbook and the China City
Statistical Yearbook [24,25]; and (2) 2015 vector data of the railway line network, railway stations,
and train frequency, acquired from the website of https://www.amap.com/ and the Railway Customer
Service Center of China using web crawler technology. Specifically, land area, population, GDP, gross
industrial value above designated size, fixed asset investment, and train frequency data are spatialized
and divided into each county-level administrative districts of China; the railway line network and
railway station data have gone through error analysis and correction, format conversion, projection
conversion, scale consistency and other processing, being prepared for the subsequent county-level
data overlay analysis.
Table 1. Data sources for the railway network distribution of China in 2015.
Name

Source

Time

Method

Land area, population, GDP,
gross industrial value above
designated size, fixed asset
investment

China County Statistical
Yearbook, China City Statistical
Yearbook

2015

Spatial visualization

Railway line network, Railway
stations, train frequency

AMAP, Railway Customer
Service Center of China

2015

Web crawler technology

2.2. Methods
Based on the above data, the aim of this study was to examine the distribution pattern of the
railway network at the county level using a new railway network distribution index. In this study,
the distribution pattern of the railway network was assessed by the railway network density; railway
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network proximity; the shortest travel time; train frequency, which reflect the railway frequency
of each county; the population; GDP; the gross industrial value above designated size; and fixed
asset investments, which provide an indication of the social economic index. These indicators
comprehensively reflect the characteristics of railway network distribution from the aspects of regional
support ability, external convenience degree, external accessibility, service ability, and coordination
with the population and economy [20,26,27].
Based on these indicators, the railway network distribution index reflects the characteristics of
railway network distribution. We have selected the analytic hierarchy process (AHP) method to assign
the weight of each indicator. The main steps of the method procedure are: (1) the qualitative method is
used firstly to select the indicators related to the railway network distribution, then the correlations
between these indicators are analyzed, and finally eight indicators with less correlations are selected;
(2) we construct the judgment matrix by Delphi expert investigation method, then solve for the weight
of each indicator and judge the rationality of the weight vector. AHP provides a new, concise and
practical decision-making method for the study of complex system which is composed of interrelated
and mutually constrained factors [28].
This study mainly referred to the method proposed by Jin [4] with adaptations to local conditions.
In his study, the concept of transportation superiority is presented from three aspects—quality, quantity,
and field—to reflect the scale, technical level, and relative advantage of transport infrastructure in China.
Then, the transport network density, degree of influence of the transport trunk line, and transport
superiority degree of locations are used as basic indicators to express transport superiority by utilizing
Geographical Information System (GIS) technology. Based on the concept of transportation superiority,
we used eight indicators to indicate the railway network density, railway network proximity, the shortest
travel time, train frequency, and also social-economic indicators, which are better able to describe the
characteristics of railway network distribution.
The specific technical process is shown in Figure 1. The main research steps are as follows:
(1) based on railway vector data, the railway network density was used to evaluate the supporting
capacity of railway network facilities, and it is mainly applicable to linear transportation facilities [29,30];
(2) based on the location of the county center and railway station, the railway network proximity was
used to reflect the convenience of the county with respect to other counties, the higher the proximity,
the better the traffic conditions, the higher the support for regional development, and the greater the
potential for external connection [31,32]; (3) based on the train frequency data, the shortest travel
time was used to reflect the accessibility of the railway network, and the train frequency data also
reflected the external service capacity of each railway station. In China, the railway is the main mode of
transportation for medium—and long-distance passenger transportation, and the shortest travel time
directly reflects the importance and connectivity of the county in the national railway network [33,34];
(4) the above indicators combine social and economic factors, such as population, GDP, gross industrial
value above designated size, and fixed asset investment, to depict the pattern of the overall railway
network distribution.
The specific methods for determining the distribution pattern of the railway network in China at
the county level were as follows:
(1)

Railway network density, C1i

The railway network density can be used to evaluate the supporting ability of railway infrastructure
to regional development. Railway network density is a positive indicator: the larger its value, the denser
the railway network and the better the regional railway conditions. Let the railway network density
of county i be C1i , the length of the railway network of county i be Li , and the area of county i be Ai ;
then the county railway network density can be calculated as follows:
C1i =

Li
Ai

i = (1, 2, 3, . . . , n).

(1)
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Table 2. Proximity of a railway network.
Table 2. Proximity of a railway network.

Type

Type

RailwayRailway

Standard Standard Pi

Ownstation
railway station
Own railway
1.5
L ≤ 30 km L ≤ 30 km 1.0
30 km < L30
≤ 60
0.5
kmkm
< L ≤ 60 km
L > 60 km L > 60 km 0.0

Pi
1.5
1.0
0.5
0.0

L
distance
fromfrom
the nearest
railwayrailway
station tostation
the county
The weighted
refers to thevalue
provincial-level
Lisisthe
the
distance
the nearest
to center.
the county
center. value
The weighted
refers to
functional area division [35].

the provincial-level functional area division [35].

(3)
3i
(3) The
The shortest
shortest travel
travel time,
time, CC
3i
The shortest travel time reflects the accessibility of the railway network in a region and is
The shortest travel time reflects the accessibility of the railway network in a region and is an
an important indicator to measure the external connections of a railway network. The shortest travel
important indicator to measure the external connections of a railway network. The shortest travel
time is an hour, and the higher this value is, the worse the accessibility is.
time is an hour, and the higher this value is, the worse the accessibility is.
This study used the train frequency data to calculate the overall shortest time in each county.

Tij is the shortest railway time in county i and county j, and when there was no railway connection
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This study used the train frequency data to calculate the overall shortest time in each county.
Tij is the shortest railway time in county i and county j, and when there was no railway connection
between the two counties, it was assumed that the shortest travel time was the maximum time for
the railway service that can connect county i and county j. N is the number of counties in the region.
The expression of the shortest travel time is as follows:
C3i =
(4)

Xn
j=1

Ti j/n

i = (1, 2, 3, . . . , n).

(3)

Train frequency, C4i

Train frequency data can reflect the railway’s service to the county area. i represents the county of
China, while mi is the number of train frequency through county i:
C4i = mi
(5)

i = (1, 2, 3, . . . , n).

(4)

Railway network distribution index, C

We integrated the railway network density C1i , railway network proximity C2i , the shortest
travel time C3i , the train frequency C4i , socioeconomic indicators of the population C5i , the GDP C6i ,
the gross industrial value above designated size C7i , and fixed asset investment C8i , through the
analytic hierarchy process (AHP) method and, combined with the existing research results [4], a railway
network distribution index model was constructed. First, as an intermediate step, the eight indicators
were standardized; as shown in Equation (5). C ji is the normalized value of index j in county i, E ji is the
original value of index j in county i, Max(E ji ) is the maximum value of index j in county i, and Min(E ji )
is the minimum value of index j in county i (j = 1, 2, 3, 4, 5, 6, 7, 8, i ∈ (1, 2, 3, . . . , n)).
C ji =

E ji − Min(E ji )
Max(E ji ) − Min(E ji )

.

(5)

Secondly, the inverse indicator, such as the shortest travel time of the railway, was used to forward
the reverse index. Thirdly, according to the degree of action of each indicator in the railway network
distribution, the judgment matrix was constructed, and the weight of each indicator a j was calculated
by AHP.
Hence, the railway network distribution index, C, of each county i can then be expressed as
C =

X8
j=1

a j × C ji ( j = 1, 2, 3)

(6)

where a j is the weight of each indicator, determined using the AHP.
3. Results
3.1. Spatial Pattern of Railway Network Density
China’s railways, which are divided into ordinary and high-speed railways, currently provide
important support for regional external relations. Figure 2 shows the distribution pattern of the railway
network density based on the county-level administrative regions of China and reflect the ability of
railway facilities to support the development of a county.
The following features of the distribution pattern of the railway network density are noteworthy:
(1) The total length of railways in China is 77,800 km, and the total railway network density is
0.0082 km/km2 . According to medium- and long-term railway network planning (2016-2030), by 2025,
the railway network needs to reach about 175,000 km, of which the high-speed railway will account for
about 38,000 km. (2) Railway connections are not found in 44.79% of counties. The lengths of railways
are relatively short in some counties, so their densities are also low. For example, the railway network
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Figure 2. The spatial pattern of China’s railway network density in 2015.
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Figure 3. The spatial pattern of China’s railway network proximity in 2015.
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Spatial pattern of the shortest travel time by railway of China in 2015.
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distribution in China: (1) 660 counties (29.89%) have a perfect railway network distribution, which
provides the strongest support for future development; 423 counties (19.16%) have a good railway
network distribution, indicating strong support for future development; 99 counties (4.48%) have
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Figure 5. Spatial pattern of the railway network of China in 2015.

The distribution of railway network and economic development are mutually influential. The
construction of railway infrastructure would promote the economic development of the region.
Similarly, the economic development would also affect the operation and development of the railway
infrastructure of the region. In this study, it is reasonable to take population and economic factors as
indicators that reflect the characteristics of railway network distribution. Many scholars have studied
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Based on this distribution structure, the railway network distribution index in each urban
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calculatedstructure,
(see Figure
The railway
distribution
indices
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Based on this
distribution
the7).
railway
networknetwork
distribution
index in
each urban
agglomeration can be calculated (see Figure 7). The railway network distribution indices range from
0.16 to 0.41 for all urban agglomerations, indicating relatively lacking, moderate, and good
distributions according to the spatial patterns of railway network distribution discussed in Section
3.4. The five national-level urban agglomerations all have moderate railway network distributions,
which indicates that a moderate network distribution should continue to be a focus for supporting
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Figure 7. Railway network distribution index in each urban agglomeration in 2015.
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the last century into four eras: preliminary construction, network skeleton, corridor building, and
deep intensification [7]. Prior to 1950, the railway network mileage of the northeast region accounted
for more than 40% of the network in China. In the 1970s, China implemented the policy of “reform
and opening up” and shifted the economic center and railway construction to the southeast coastal
region. During this period, the railway network in the eastern coastal region developed rapidly,
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Figure 8. The four major economic regions of China.

4.3. Limitations and Future Improvements
4.3. Limitations and Future Improvements
This study mainly considers railway passenger transport, and represents the size of railway
This study mainly considers railway passenger transport, and represents the size of railway
passenger transport with train frequency data. Due to the difficulty in data acquiring, we do not
passenger transport with train frequency data. Due to the difficulty in data acquiring, we do not take
take into account the freight volume situation of China in this study. Adding the freight transport
into account the freight volume situation of China in this study. Adding the freight transport
information will definitely make the railway network distribution pattern more accurate.
information will definitely make the railway network distribution pattern more accurate.
Lim and Thill (2008) investigated how the intermodal freight-transportation network affects the
Lim and Thill (2008) investigated how the intermodal freight-transportation network affects the
ability of regions to position themselves more effectively in the national space economy, and the
ability of regions to position themselves more effectively in the national space economy, and the
performance of the intermodal freight network was evaluated by comparing accessibility measures
based on the highway network and on the intermodal network, respectively [44]. This research can
provide reference and guidance for the future research for combining passenger and freight status,
and reflecting the characteristics of the railway network distribution of China more precisely.
In this study, the distance from the nearest railway station to the county center, based on the
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performance of the intermodal freight network was evaluated by comparing accessibility measures
based on the highway network and on the intermodal network, respectively [44]. This research can
provide reference and guidance for the future research for combining passenger and freight status,
and reflecting the characteristics of the railway network distribution of China more precisely.
In this study, the distance from the nearest railway station to the county center, based on the
provincial-level functional area division, is used to determine the weight of railway network proximity
using expert scoring. Potential future improvements could include setting different distance intervals
and selecting different evaluation methods for expert scoring. In addition, the current research has only
been applied to examine railway network distribution at the macro scale. The theory and evaluation
method needs further testing if being applied to regions at small—and medium-scales.
5. Conclusions
Based on indicators of the railway network density, railway network proximity, the shortest
travel time, train frequency, and also social-economic indicators, this study took advantage of
a railway network distribution index to investigate the railway network distribution pattern in China
in 2015. The results of this study could guide the optimization of the railway network structure
and provide a basis for macro decision-making for the planning and evaluation of major railway
infrastructure construction.
The findings were as follows: (1) In 2015, railway network density was relatively low in almost
half of the counties of China. The railway network density was high in the central and eastern parts
of China and relatively low in western China, and there were multiple dense railway network areas.
The railway network proximity was high in nearly half of the counties in China, as was evident in
the strip distribution. Based on the shortest travel time, the convenience of most counties in terms of
external connections to the rest of China is generally low, with the convenience gradually rising from
coastal to inland areas; the areas with the shortest travel time were mainly concentrated in the eastern
region. (2) In 2015, the railway network distribution in nearly one-third of the counties of China was
ideal. The distribution was grouped into two major zones with multiple dense areas. It might be
advisable to strengthen the connections between large and small cities in the eastern region, so that large
cities can drive the development of small cities around them. The major urban agglomerations in the
midwest also could focus on several aspects such as strengthening the construction of railway facilities,
promoting the movement of people and industries between the east and west regions, and increasing
the urban vitality of the western region.
This study revealed the distribution pattern of the railway network in China and has significance for
the optimization of the railway network structure and the development of urbanization in China. Based
on the railway network distribution indicators, the national railway network is divided into five levels:
insufficient railway network distribution, relatively insufficient railway network distribution, moderate
railway network distribution, good railway network distribution, and perfect railway network distribution.
Utilizing the advantages of the railway should be considered when planning economic development and
industry activities. The five national-level urban agglomerations—Beijing-Tianjin-Hebei, the Yangtze River
Delta, the Pearl River Delta, Triangle of Central China, and Chengdu-Chongqing—have moderate railway
infrastructures, and local governments may harness the advantages of other transportation facilities in
these regions, such as roads, aviation, and ports, to compensate for the inadequacy of the railway network,
and actively participate in international economic competition to enhance China’s urbanization. There
are four regional-level agglomerations that have good railway network distribution—Liaozhongnan,
Jianghuai, Harbin-Changchun, and Central Plains—Where the government may take full advantage
of the railway network and promote regional integration. The railway network distribution of other
regional-level urban agglomerations and local-level urban agglomerations is moderate or relatively
lacking. In the future, the local government could plan for the reasonable construction of railway facilities
and combine them with other modes of transportation to match the development of the population
and economy.
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