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Abstract

:

This study analyzes the structure of China’s overall railway transport network and its sub-networks of conventional railway and high-speed railway, with the aim to understand the country’s economic spatial structure that is reflected by or underlines the railway transport network. First, the results indicate that compared with developed cities, backward cities not only have fewer train services but also lack a symmetrical transport plan; backward cities tend to connect with developed cities rather than within themselves. Second, the national-level urban hierarchy was established using the proposed algorithm, which helped reveal the economic geography of three economic plates in China. Third, the law of the primate city is not prominent in a large country such as China, which is undergoing regional restructuring with the economic center of gravity shifting to the coastal area while also moving south.
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1. Introduction


Economic spatial structure has always been a hot research topic. The classic location theory of von Thünen and Weber, the growth pole theory, the trickle-down theory, the spatial interaction theory, and the “core–periphery” theory proposed by the middle of the 20th century all explore the spatial structure from the perspective of inter-regional interaction [1,2,3]. With the continuous development of science and technology, people’s understanding of the existing space and distance has been continuously developed and improved. Time distance and cost distance have gradually replaced traditional space distance [4]. The development of transportation technology will shorten the travel time between cities, lead to changes in the relative location structure between cities [5,6,7,8], and then have an impact on the economic spatial restructuring [9,10,11]. As a major innovation in the history of railway transportation, the rapid development of high-speed railway (HSR) is bound to affect human spatial behavior patterns, change the pattern of traditional economic relations between regions, and reshape the regional economic spatial pattern, which makes it the most important mode of travel between regions [12,13,14]. As such, the railway transport network structure composed of the conventional railway (CR) and HSR can provide a new and important way to understand the economic spatial structure of a country.



China is a populous country with a vast territory, and railway is the main mode of intercity travel. The construction of China’s railway system initially lagged behind those of developed western countries. At the founding of the People’s Republic of China in 1949, the operating mileage of the country’s railway was only 21,800 km, and by the 1990s the average speed of China’s trains was less than 60 km/h [15]. The railway system subsequently underwent six major stages of increases in the speed of trains. On 1 August 2008, as the Beijing Olympics were about to be held, the Beijing–Tianjin intercity railway, with a design speed of 350 km/h, began operation. This marked China’s entry into the era of HSR. Since then, the construction of HSR has progressed impressively, and CR network and HSR network coexist and operate simultaneously. In 2019, China’s railway passenger turnover was 1470.66 billion person-km [16].



In this paper, we analyzed the characteristics of China’s railway transport network, and based on this, we further identified the economic spatial structure through a new computational algorithm. It advances the existing literature on railway networks in at least three aspects: (i) analyzing the national railway transport structure to explore China’s economic spatial transformation; (ii) identifying the urban hierarchy and economic regionalization using the proposed hierarchical analysis algorithm based on the railway transport network; (iii) based on the identified economic regionalization, exploring the city rank-size distribution and the law of the primate city in a developing country with large territory. The rest of the paper is structured as follows: Section 2 summarizes the literature concerning the HSR and economic spatial structure; Section 3 presents the data and the methods used; in Section 4, we discuss the characteristics of China’s railway transport network; Section 5 analyzes the economic spatial structure based on railway transport network; Section 6 and Section 7 conclude and discuss this study.




2. Literature Review


In 1986, Friedmann pointed out the importance of urban hierarchical network structure research from the perspective of urban agglomerations in the world city theory. He believed that cities are arranged “into a hierarchy of spatial connections, roughly in line with their economic strength” [14]. Krugman, Scott, and Masahisa then introduced econometric methods to study economic spatial structure. In recent years a great deal of research methods for the economic spatial structure have emerged, such as coefficient of variation, Theil index, ellipse standard deviation, and kernel density analysis [17,18,19], GWR model [20], system dynamics (SD), cellular automata (CA), pressure–state–response model (PSR), expansion index model (AGI), and other methods [21]. These studies tried to sum up the characteristics, connotations, and evolution of the economic spatial structure by calculating the indices for each city [22,23,24]. The frequently used data are fixed economic indicators, such as per capita GDP, fixed asset investment, and residents’ income. However, the economic spatial structure includes not only the development level of each city but also the connections between them. To date, few studies have combined data of traditional statics regarding urban development level with data of dynamic transportation connections. Studying the economic spatial structure through the combination of these kinds of data can lead to results that are much closer to reality, which is of academic significance.



With the rapid development and rising role of railway transport, there has been a considerable amount of research into railway transport. These studies fall into three classifications: (i) those focusing on the structure of the railway transport network [25,26]; this type of research aims to analyze how the characteristics of the railway network change during its upgrade, and the frequently used indices includes the alpha index, gamma index, beta index, and the diameter of the network; (ii) studies focusing on how railway upgrading impacts the accessibility or connectivity of cities or regions; HSR can improve accessibility to the areas along the line, but its degree of influence varies with the location, scale, and basis of development of a given region or city [27,28,29]; (iii) the third line of research focuses on how HSR impacts regional economic development [30,31]; however, there is still no consensus. Among those studies, some hold that HSR promotes an increase in population, employment, gross domestic product (GDP) and local budgets [32,33,34] and has a positive effect on the coordinated development of the regional economy [35,36,37], but some hold the opposite or neutral view [38,39,40]. The impact of HSR on the economic disparity is also controversial.



Although there have been some studies on the spatial effects of railway transport, there is still little attention paid to the economic spatial structure which underlines and is reflected by railway network structure. The existing literature shows the consensus that transport is closely related to regional economic development, and more-developed regions normally have more train services. However, little attention has been paid to the overall economic regionalization all over the country as reflected by the deployment of train services, i.e., the railway transport structure, and even less attention has been paid to the difference between the sub-networks of traditional CR and HSR, which has considerable implications for regional economic spatial transformation.




3. Data and Methods


3.1. Data


The data for this study were collected in three parts. (1) The national railway passenger train schedules in April 2017, including those for railway lines and stations, were obtained [41], covering 5483 trains, 2826 stations, and 5,435,594 km of railway tracks. A city with multiple stations is considered one node in the city network. (2) The 1:4 million Database of the National Fundamental Geographic Information System of China was obtained from the Thematic Database for the Human–Earth System of the Chinese Academy of Sciences. (3) Socioeconomic data were obtained from the provincial statistical yearbooks of 2018, the China City Statistical Yearbook 2018, and the prefecture Statistical Communiqué of National Economic and Social Development 2017.



China has 337 prefecture-level cities and municipalities, and we examined 318 of these where train stations were located (some county-level cities were merged). The spatial distributions of China’s railway stations and train tracks are shown in Figure 1. There are 2433 and 393 train stations on the east and west sides of the Hu line, respectively, accounting for 86% and 14% of the total number of stations, respectively. Of these there are 498 and 22 HSR stations, respectively, accounting for 96% and 4% of the total, respectively.



Table 1 gives the distribution of stations in four major regions of China. The number of train stations in the east, middle, west, and northeast accounted for 20.6%, 17.6%, 37.5%, and 24.3%, respectively, of the total number of stations, and the number of HSR stations accounted for 42.7%, 29.4%, 21.4%, and 6.5%, respectively. The ratio of HSR stations in the eastern region was much higher than that of traditional train stations, which indicates that the upgrading of trains in China is focused on the eastern coastal areas.




3.2. Nodal Centrality Measures


We denote by the graph G = (V, E) the railway transport network of China, where V = {vi, i = 1, 2, …, n} is the set of cities with stations and E = {ei, i = 1, 2, …, n} is the set of track sections between two adjacent cities. If a train is operating between cities with one or more intermediate stations, then these cities are considered adjacent to each other and there is an edge between them. The network can be characterized as an unweighted n × n matrix A with elements aij; if cities i and j are adjacent, then aij = 1, otherwise aij = 0.



There is a wealth of literature on evaluating network connectivity [6,43,44,45]. Borgattie reviewed network analysis in the social sciences and summarized its difference between social and physical sciences [46]. The paper begins with indices due to Freeman [47,48], i.e., degree centrality (DC), closeness centrality (CC), and betweenness centrality (BC), which are widely used to measure the connectivity among network nodes. These centralities provide the basis for further analysis.



(1) The DC of a node is the number of edges that it shares with other nodes, and it symbolizes the importance of that node to the network. The DC of node i reflects its accessibility in the network and is defined as


   D  C i  =   ∑  j   a  i j       



(1)




where aij = 1 when there is an edge between nodes i and j, otherwise aij = 0.



(2) The CC of a node is the inverse of the average shortest distance between it and each of the other nodes in a given network [49]. The CC measures the extent to which a node is close to all other nodes, and it reflects its accessibility in a given network. The shorter the distance between the node and neighboring nodes, the higher its CC, and the more convenient it is to reach the other nodes. The CC of node i is written as


   C  C i  =  (  n − 1  )  /   ∑   j = 1  n   d  i j   ,   



(2)




where     d  i j      is the length of the edge connecting nodes i and j.



(3) The BC of a node measures the extent to which it lies between other nodes in a network [50]. A node tends to be more powerful if it is along the shortest paths connecting many node pairs because it may then be in a position to broker or mediate connections between these pairs. The betweenness of a node is defined as the ratio of all shortest paths passing through it, and reflects its transitivity. The BC of node i is written as


   B  C i  =    g  j k    ( i )     g  j k     ,   i ≠ j ≠ k ,   



(3)




where     g  j k    ( i )     quantifies the number of times that node i is an intermediary node along the shortest path between nodes j and k, and     g  j k      denotes the sum of all shortest paths between nodes j and k.




3.3. Computer Algorithm for Establishing Urban Hierarchy


According to central place theory, regional spatial interactions have a hierarchical structure, i.e., larger cities have larger radiation area which covers those of smaller cities, thus forming a hierarchical regional spatial structure. Therefore a tree structure is used to characterize the urban hierarchy, and a hierarchical analysis algorithm was developed to identify the urban hierarchy based on city attractiveness and the strength of intercity connections. The DC characterizes the attractiveness of a node city. A city with higher attractiveness usually has larger population, so city population was combined with DC to evaluate city attractiveness more reasonably. City attractiveness is the weighted sum of DC and population.



The logic of the algorithm is that if city A is in the hinterland of city B, then city B has higher attractiveness than city A, and among all the cities that have higher attractiveness than city A, city B has the highest connection with city A. City B is set as the father node of city A in the urban hierarchy. The algorithm circulates to find the father nodes of all the cities (except for the root) to build the hierarchy, i.e., a tree. A flowchart of the algorithm is shown in Figure 2.





4. Characteristics of China’s Railway Transport Network


4.1. Centralities of Node Cities in Overall Railway Transport Network


4.1.1. Spatial Pattern of Centralities of Node Cities


The patterns of spatial distribution of the three centrality indicators are shown in Figure 3. Cities located in the east and center were more connected than those in the west. Moreover, cities with high DC and CC were mostly located along the trunk HSR lines in the eastern and central regions, this being defined as the “corridor effect” (see Figure 3). Cities with higher DC were concentrated along the Beijing–Shanghai line, the Beijing–Guangzhou line in the north–south direction, and the Shanghai–Kunming, Shanghai–Chengdu, and Shanghai–Xuzhou–Xi’an–Urumqi lines in the east–west direction. The spatial distribution of BC was different. Cities with high BC were mainly provincial capitals or those located along the Beijing–Shanghai line, indicating that train transfer mainly occurred at provincial capitals and municipalities to form a hub-and-spoke structure, with provincial capitals and municipalities as the main nodes.




4.1.2. Statistical Characteristics of Centralities of Node Cities


The city centrality values of the indicators of degree, closeness, and betweenness were fitted to the model    y =  a  q x      (Table 2), where y is the centrality, x is the rank of the centrality indicators, and q is the empirical coefficient (slope) that partially captures the rules of distribution of city centrality. The higher the value of q, the fewer cities there are at the highest level of the network in terms of city centrality. Each centrality decreased exponentially, and the DC distribution of cities decreased the most slowly (q was −0.0011), indicating that changes in the accessibility of each city were relatively gentle. Moreover, the fitted curve for BC was the steepest (q was −0.023), and that for CC was in the middle (q was −0.002). The drastic change in BC indicates that a few hub cities undertake most of the transfer function.




4.1.3. Accessibilities of Megacities


Three megacities, i.e., Beijing, Shanghai, and Guangzhou, are leading China’s economic development. Table 3 lists the number of cities that could be reached directly from these megacities, the number of departing trains, and the number of departing high-speed trains in these three megacities. The number of cities that could be reached directly from Beijing was higher than those that could be reached from Shanghai and Guangzhou, accounting for 37% of the total. In terms of the number of departing trains, Beijing was slightly above Shanghai, and Guangzhou had the fewest of the three. However, the number of HSRs originating from Shanghai exceeded that from Beijing. Widespread HSR construction is relatively recent, so the deployment of trains in service in the renewal process indicates the shift in China’s economic center of gravity to the southeast (further analysis is provided below).





4.2. Intercity Connectivity Based on Overall Railway Transport Network


Figure 4 shows the intercity connection network, where the width of the lines denotes the intercity relational strength, which was divided into four levels using the natural breakpoint method. The first level of connections was mainly among Beijing, Shanghai, Guangzhou, Nanjing, and other metropolises, which formed the backbone of the railway transport network, with Shanghai and Beijing at its heart, while such sub-centers as Zhengzhou, Chongqing, and Xi’an formed the second level, with such important lines as the Zhengzhou–Xi’an–Lanzhou and Chengdu–Chongqing ones in western China. Other provincial capitals were connected by the third level of network. The top tier of the railway transport network was distributed to the east of the Hu line. At the second level, only cities—Lanzhou, Turpan, and Urumqi—were located to the west of the Hu line. This shows that although the network had expanded, most of the demand had increased east of the line. Among the 5483 trains in service, 4625 ran only east of the Hu line (84.4%), 241 trains ran only to its west (4.4%), and 617 trains ran across the Hu line (11.3%), which shows that the interactions among western cities and between western and eastern cities were very weak.



To further analyze the connection between specific cities, a directed intercity network was established to calculate the shortest distance between each city pair (the number of edges along the shortest path). Figure 5a shows the shortest distance between pairs of the top 20 cities in terms of DC (normally developed cities). Most such cities were connected by direct trains. Transfers were required for only a few city pairs, which indicates that it is very convenient to travel between these cities. Figure 5a also shows a certain symmetry, indicating that the incoming and outgoing rail journeys between cities were fairly even. Figure 5b shows the shortest distances between pairs of the bottom 20 cities in terms of DC (normally developing cities). It is clear that commuters between cities in this group usually needed to transfer more than twice to reach their destinations. In addition, compared with developed cities, symmetric transport was absent between developing cities.



Further analysis of the connections between developed and developing cities shows that the average distance between the bottom and top 20 cities in terms of DC was 2.2, i.e., most of the bottom 20 cities could make it to the top 20 cities with one transfer. This indicates that the transport between developing and developed cities was more convenient than that between developing cities. This phenomenon shows that the developing cities were mainly connected to developed cities and formed their hinterland, but the connection between developing cities was weak and lacked a systematic and symmetrical transport development plan.




4.3. Distribution Characteristics of Train Service in Terms of Population


In Figure 6, the size of a node denotes the total number of stopover trains of the corresponding city. As can be seen, the most trains were in service in Beijing, followed by Shanghai, Nanjing, Wuhan, Guangzhou, and Wuxi, all of which are cities in the eastern region except for Wuhan. However, this was not the case for the distribution of the train service intensity, which shows the number of trains in service in the context of the local population. The train service intensity of city i, i.e.,    T r a i n I n t e n s i t  y i    , is calculated as


   T r a i n I n t e n s i t  y i  =    T i  / T t l T r a i n    P i  / T t l P o p       



(4)




where Pi and Ti are the population and number of all the trains in service in city i, respectively, and TtlPop and TtlTrain are the total national population and total number of national trains in service, respectively.



The cities shown in Figure 6 are classified into three groups: (i) cities with a train service proportion greater than the population proportion, (ii) those with a train service proportion less than the population proportion, and (iii) those with no train service. Some of the cities with a high train service intensity were developed cities (such as Beijing, Shanghai, and Guangzhou) and transport hubs (e.g., Wuhan, Zhengzhou, and Xi’an); the others were those along the railway lines that connect developed cities, e.g., the Beijing–Shanghai and Shanghai–Urumqi lines. Cities without train services were mainly located on the Tibet Plateau, which is mountainous and scarcely populated. From Figure 4, most of the trains in service were concentrated in the central and eastern regions, but considering population distribution, China’s train services were evenly distributed across regions.





5. Economic Spatial Structure Based on Railway Transport Network


5.1. Migration of China’s Economic Center of Gravity


China is now upgrading its railway transport by constructing HSR, so CR and HSR coexist currently. The railway department in China has been unclear about the basis for its deployment of trains, but the most likely scenario is that it would consider the local population and economic development [15]. Therefore, any change in city accessibility or connectivity while upgrading the train service from CR to HSR implies economic spatial transformation.



Table 4 gives the rankings of provincial capitals and cities at or above sub-provincial administrative level (excluding cities without HSR stations) in terms of DC in different sub-networks, i.e., CR and HSR. Beijing was ranked the highest in terms of DC in both CR and HSR, which indicates that Beijing had the highest connectivity all the time during railway upgrading. The rankings of cities in northeast China dropped significantly from CR to HSR (yellow signs). Shenyang, the capital of the Liaoning Province in northeast China, ranked fifth in terms of CR connectivity, while its ranking dropped significantly in terms of HSR connectivity. Two other provincial capitals in the region, i.e., Harbin and Changchun, exhibited similar situations. The degrees of change in some western cities are marked with green in Table 4. The rankings of these cities in terms of HSR were on a downward trend compared with CR. Cities with a significant increase in rankings were mainly located in southern China or coastal areas, e.g., Nanjing, Ningbo, and Shenzhen.



We conclude here that the importance of cities in northern and western China exhibited a downward trend from CR to HSR, which indicates that China’s economic center of gravity is shifting to coastal areas while also moving south. This change is not obvious in the overall railway transport network.




5.2. Economic Regionalization in China


The following assumptions were made in the present study: (i) the more train service between a city pair, the more connection between them; (ii) the higher the attractiveness of a city, the higher its level in the urban hierarchy. The developed algorithm (see Section 3.3 for details) was then used to generate the urban hierarchy based on the overall railway transport network. For clarity, only the hierarchy of cities of provincial capitals and cities at or above sub-provincial administrative level is shown in Figure 7; see the Appendix A for the detailed hierarchy.



Provincial capitals and cities at or above sub-provincial administrative level are normally economically developed cities. Each of them had its own hinterland (son nodes), which adjoined each other to form the service areas of the root megacities, i.e., Beijing, Shanghai, and Guangzhou. Each megacity together with its service areas forms the new economic geography of three economic plates (Figure 7). Beijing’s service area was mainly from north China and northeast China where the economy is now relatively backward, that of Shanghai was mainly in east China, and that of Guangzhou was mainly in south and southwest China.



Next, the city rank-size distribution by economic plate was calculated. The rank-size distribution and city primacy index are two important means of measuring urban systems. The rank-size distribution describes the relationship between the size of a city and its ranking. In 1936, Singer proposed the rank-size distribution based on Auerbach and Lotka’s research [51,52], i.e., Pi = P1/(Riq), where Pi is the population of city I in the country, P1 is the population of the largest city, Ri is the rank of city i in terms of population, and q is an empirical coefficient; the higher the value of q, the greater the difference in the size of urban population, whereas the lower the value of q, the more balanced the sizes of the cities. The case of q = 1 corresponds to Zipf’s law [53,54]. We take the logarithm of both sides to obtain


   ln  (   P i   )  = ln  (   P 1   )  − q ln  (   R i   )      



(5)







However, previous studies have shown that the rank-size distribution of cities in China is difficult to explain [55], given that it does not correspond to any known rule of rank-size distribution. China is a vast country with great differences in development and marketization, thus forming different economic plates, so we hypothesize that in each economic plate, cities should be more in line with the rule of rank-size distribution represented by Equation (5). Accordingly, we further analyzed the city rank-size distribution by economic plate as identified in Section 4.1. Using the permanent resident population of each city in 2017 as the city size, we performed a regression analysis of the rankings of each economic plate, and the results are given in Table 5.



The adjusted R2 by economic plate was significantly higher than that at the national level, which means that the law of rank-size distribution became more significant in each economic plate. This confirmed the previous hypothesis, i.e., cities in each economic plate are more in line with the rule of rank-size distribution represented by Equation (5). This in turn confirmed that the economic spatial structure identified above is reasonable, and new economic plates have formed in China.



The Beijing plate had the highest values of the coefficient q, followed by the Shanghai and Guangzhou plates. This indicates that the Beijing plate had the largest regional disparity. In terms of overall economic development, the Beijing plate was lower than the Shanghai and Guangzhou plates, so we conclude that regions that are more economically developed become more balanced internally.



The primacy indices (The city primacy index is the ratio of the population size of a country’s largest city to that of its second-largest city; if this value is 2, then the largest city is twice the size of the second-largest city. The city primary index of a country is usually closer to 2, which is called the law of the primate city.) of the Beijing, Shanghai, and Guangzhou plates were calculated to be 1.4, 2.2, and 1.9, respectively. Thus, the two more-developed regions, i.e., the Shanghai and Guangzhou plates, were more in accord with the law of the primate city. Combined with the fact that the city primacy index was proposed in the context of small research areas [56,57], mostly featuring developed countries, it can be concluded that in a developing country with a vast territory such as China, the law of the primate city is not prominent in the entire region.





6. Conclusions


This study systematically explored China’s railway structure by different networks, i.e., the CR and HSR networks and the overall network, and examined the national economic spatial structure and its evolution process at the prefecture city levels (including municipalities) based on the railway structure. The main findings of this study are as follows.



First, a few hub cities undertook most of the transfer function in China; backward cities not only had fewer train services but lacked symmetrical traffic plans, and they had stronger connections with developed cities than among themselves, thereby forming a hub-and-spoke structure; From the changes in rankings of cities by train type, we conclude that the importance of cities in northern and western China exhibited a downward trend from CR to HSR, which indicates that China’s economic center of gravity is shifting to coastal areas while also moving south.



Second, the national urban hierarchy was established through the proposed hierarchical analysis algorithm, and based on the urban hierarchy study identified the economic spatial structure of three plates based, i.e., economic plates of Beijing, Shanghai, and Guangzhou. The Beijing plate was mainly from north China and northeast China where the economy is now relatively backward; that of Shanghai was mainly in east China, and that of Guangzhou was mainly in south and southwest China.



Third, the law of rank-size distribution became more significant in each economic plate. This showed that the law of the primate city is not prominent in a developing country with a large territory such as China.




7. Discussion


The HSR construction brings new vitality and new opportunities to regional economic development. This study shows that China’s economic center of gravity is moving to the southeast coast, and the links between backward cities have not been significantly strengthened. There is no balance between fairness and efficiency. Therefore, in the future, underdeveloped areas in the northwest of China should accelerate their integration into the national rapid transit network. Against to the background of China’s “One Belt, One Road” and Western Development Strategy, to moderately promote the construction of HSR in underdeveloped areas is important for realizing the cooperation between China’s hinterland and coastal area.



This paper identified the economic spatial structure of three plates, which helped reveal the macroeconomic regionalization of China and provide valuable reference for further research into China’s economic spatial transformation. The economic spatial structure identified also provides a scientific basis for regional economic restructuring and regional coordinated development decision-making. However, we do not claim that regionalization identified is an accurate economic zoning. First, a few regions with no train service were excluded. Second, the identified economic plates cross provincial administrative boundaries, thereby causing considerable management difficulties. Third, more factors—e.g., economic connection, road transport, airlines—should be considered to identify economic zones. Nevertheless, the results are somewhat reasonable given that economic spatial pattern is an important consideration of transport deployment.



This paper finds that the law of the primate city is more significant in each economic plate than in the whole country. It provides a reasonable explanation for the divergent opinions on the characteristics of the city rank-size distribution in China. However, further empirical research is needed to prove this conclusion based on more countries or regions as cases.



A few aspects of this study remain to be improved. First, examination of regional characteristics in this study was limited to the train network. Other factors such as aviation and road transport, population migration, and intercity trade also shape the economic spatial structure, so these factors should also be considered in future work to improve the research. Second, this research concluded that China’s economic center of gravity is shifting southeast but did not reveal the underlying mechanism. Third, the fact that city rank-size distribution by economic plate is more in line with the law of the primate city raises another question worth considering, i.e., how many megacities are most suitable in China and how to distribute them?
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Figure A1. Urban Hierarchy. 






Figure A1. Urban Hierarchy.
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Figure 1. Spatial distribution of China’s railway stations and train routes. (The Hu line in Figure 1 extending from Aihui in Heilongjiang Province to Tengchong in Yunnan Province is a demographic demarcation. The southeast, with 36% of the country’s area, contains 96% of the Chinese population, while the northwest, with 64% of the total area, contains only 4% [42]. The ratios of populations of the two areas have not changed much despite changes in the national territory and massive urban migration in recent years). 
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Figure 2. Flowchart of hierarchical analysis algorithm. 
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Figure 3. Spatial distributions of different centralities. 
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Figure 4. Intercity train network (for clarity, the figure omits intercity links with strength scores less than or equal to 30). 






Figure 4. Intercity train network (for clarity, the figure omits intercity links with strength scores less than or equal to 30).



[image: Land 11 00061 g004]







[image: Land 11 00061 g005 550] 





Figure 5. Shortest distance between pairs of (a) top and (b) bottom 20 cities in terms of DC (the digits in each cell show the number of edges along the shortest path between city pair; the larger the cell value, the darker the cell color). 
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Figure 6. Distribution of train service intensity. 
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Figure 7. Hierarchical structure of major cities and economic spatial pattern (see the Appendix A for the detailed urban hierarchy). Each red line in the map points from one city to another city with higher attractiveness and the strongest connection to it. 
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Table 1. Spatial distribution of railway stations in China.
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Region

	
CR Stations

	
HSR Stations




	
Number

	
Ratio

	
Number

	
Ratio






	
Eastern

	
582

	
20.6%

	
222

	
42.7%




	
Central

	
496

	
17.6%

	
153

	
29.4%




	
Western

	
1061

	
37.5%

	
111

	
21.4%




	
Northeastern

	
687

	
24.3%

	
34

	
6.5%
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Table 2. Best-fitting models for indices (y) and ranks (x).
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	Function
	a
	q
	R2





	DC
	   y =  a  q x     
	336.88
	−0.0011
	0.8049



	CC
	   y =  a  q x     
	0.0023
	−0.002
	0.9023



	BC
	   y =  a  q x     
	0.0116
	−0.023
	0.8966










[image: Table] 





Table 3. Trains in service in the three megacities.
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	Cities Directly Accessible
	Departing CRs and HSRs
	Departing HSRs





	Beijing
	250
	425
	266



	Shanghai
	224
	416
	290



	Guangzhou
	201
	310
	200
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Table 4. Changes in rankings of cities by train type.
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CR

	

	
HSR

	

	
Overall

	






	
rank

	
cities

	
DC

	
cities

	
DC

	
cities

	
DC
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Table 5. City rank-size distribution by economic plate.
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	National
	Beijing Plate
	Shanghai Plate
	Guangzhou Plate





	Coefficient q
	0.68
	0.82
	0.59
	0.59



	Constant
	3.92
	3.77
	3.50
	3.54



	Adjusted R2
	0.73
	0.77
	0.79
	0.84
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