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Preface

The PhD study was a tough journey regarding the solitary and often soul-
wrenching process. When I began my PhD study, I knew almost nothing about 
the High-Speed railway (HSR) and urban networks from the perspective of 
social sciences because during that time my limited knowledge on this topic 
was merely from the perspective of environmental sciences. Because my 
master degree was related to environmental system analysis, it was indeed 
a tough process for me to upgrade from a natural sciences MSc student to a 
social sciences researcher. However, after four years’ studying and working on 
this subject, I am becoming more and more interested in the social sciences 
research. I was so grateful for the opportunity of being a social sciences 
researcher that I get to know HSR and urbanisation development in China 
and the underlying reasons for that. The completion of this dissertation would 
not have been possible without the guidance and support of many mentors, 
colleagues, friends and the institutions providing support. 

First of all, Prof. Hans van Ginkel, my promotor Prof. Martin Dijst and co-
promotor Dr. Patrick Witte deserve acknowledgement. Even though Hans could 
not be officially mentioned as my co-promotor in the dissertation because he 
had retired from Utrecht University for such a long time, I was so glad that he 
had been my supervisor during the four years’ PhD studies. To be honest, the 
start of the PhD was rather tough for me. You have been a spiritual mentor for 
me from the beginning of my PhD up to now by always encouraging me to 
move forward.  I still remember every moment when we had lunch in the Grift 
Park to discuss the research, history, culture and politics. Your knowledge and 
experience on how to cooperate with people with different characteristics and 
deal with multiple tasks in parallel were quite beneficial for me. I learned a lot 
from you about solving the problems in the work and life with patience and 
perseverance, and build up a broad view of the society. Martin, many thanks 
to you for contributing your broad knowledge base, expertise, enthusiasm 
and patience to my PhD research and supporting me all the way with your 
professional know-how, attitude and experience. You are a very detailed person 
and can always give insightful and critical suggestions to improve the whole 
content of articles greatly. You taught me how to be a professional researcher 
with logic, rigorous and critical thinking in academia. I really appreciated your 
insightful and constructive comments from the start of my PhD and learned 
a lot from your approach to efficiently solving the problems in the research. 
Patrick, your detailed comments on the writing and structure of my thesis were 
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always helpful for improving my scientific writing and thinking. Your humor 
in the life and positive attitude toward the work also inspire me a lot when I 
faced some difficulties. I still remember you shared the experience of being a 
PhD candidate during our trip to Brussels, and our lunch and coffee time. Your 
brilliant suggestions and inspiring advice gave me the strength to overcome 
difficulties and to keep moving forward.

I also would particularly like to acknowledge my teachers, colleagues and peer 
researchers who have contributed to my research. Prof. Jiao’e Wang, thank 
you for your data sharing and knowledge input on the transportation network 
research as well as two chapters of my dissertation. The discussion with you 
through Skype and emails for almost two years really helped me a lot facilitate 
the whole PhD project. Dr. Frédéric Dobruszkes, thank you for your insightful 
knowledge input on one of my chapters and introducing me famous HSR 
researchers in the world. I really appreciate your hospitality and kindness on 
my trip to Brussels and international conferences. You brought me into a broad 
HSR and transportation research world. Dr. Guillaume Burghouwt and Thijs 
Boonekamp, thank you for the econometric knowledge input to one chapter 
of my dissertation. The cooperation with both of you really taught me a lot 
on the understanding of the competition between HSR and airlines from the 
perspective of economic geography. Furthermore, I want to thank Prof. Dick 
Ettema and Dr. Jianxi Feng for their guidance on the travel behaviour research 
during Martin’s burnout. Their useful suggestions really help me improve the 
model and content of the paper.

I also would like to thank Prof. Tejo Spit. During my first-year PhD research, 
Tejo gave me a lot of useful guidance on the research design of my PhD 
dissertation and introduced me the relevant research topics and interesting 
papers. Furthermore, I also want to thank Prof. Yonglong Lu from the Chinese 
Academy of Sciences for bringing me to Hans and this PhD project. I would like 
to sincerely thank Prof. Yaping Zhang from the Chinese Academy of Sciences. 
Without your support for me to contact those senior government officers in 
the China Railway Corporate, it would be impossible for me to acquire the 
passenger flow data for my research. I also thank your consistent concern and 
guidance in my life and career development. Dr. Jaap Nieuwenhuis and Dr. Ming 
Liu, thank you for sharing me with the knowledge of the random effect model 
which is quite useful for my research on the topic of competition between HSR 
and airlines. Dr. Aloys Borgers, thank you for detailed and constructive email 
contacts with me for the application of the discrete choice model. 
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supporting during the whole PhD journey.  Nico Dogterom, as your roommate 
in office 406, it was great for me to share the same office with you in the four 
years’ PhD studies. We had enjoyed the wonderful time together by discussing 
a lot about the culture, politics and even gossips together.  During four years’ 
PhD study, I was actively involved in the social activities of the Chinese student 
association in Utrecht and want to thank those friends in CUSA, Yujie He, 
Yipu Wei, Jingyang Liu and other members (Yumao Zhang, Yulong Zhao and 
Xiaoling Zang). Without your support and encouragement to me, I could not 
successfully make this happen and success. I also want to thank my colleagues 
during my time in the PhD council Prout, especially Nico, Sophie Uijen and 
Tina Venema for their pleasant cooperation. Many thanks to all those formal 
colleagues and friends in our department and university: Yafei Liu, Cui Can, 
Hong Hu, Fangfang Chen, Yanliu Lin, Nan Xiang, Zidan Mao, Ying Liu, Marijke 
Jansen, Ineke Deelen, Nynke Burgers, Anouk Tersteeg, Marianne de Beer, 
Mengyuan Chen, Ke Lu, Zhuoyan Chen, Xing Su, Jie Gao, Yongling Li, Min 
Yang, Xin Jin, Sara Macdonald, Huaxiong Jiang, Hongbo Chai, D Delphine, 
Xiao Chang, Yuxi Zhao, Na Chen, Hongkai Wang, Yuan Ji, Yong Guo, Qingxuan 
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in the past four years, I had many arguments with you on the meaning of PhD, 
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1.1. Background

Historically, technology reform in railway transportation has always led 
to societal change. During the Industrial Revolution in the 1820s, the first 
conventional rail appeared in England, after which railways became pillars 
of socio-economic development in society and advanced the movement 
of social changes in other sectors (Yin et al., 2015). Although conventional 
railway systems already started losing the advantage in long-distance intercity 
travel from the beginning of the 20th century, Hall and Banister (1993) saw the 
advent of high-speed railways (HSR) as a harbinger of a second railway age, 
a vision which seems to have materialised (Hall, 2013). Many countries have 
pursued high-speed rail because it is much faster than conventional railways, 
and offers the benefits of reduced traffic and congestion levels compared to 
private cars, and lower CO2 emissions compared to airlines (Givoni, 2006). The 
first HSR corridor, Tokyo-Osaka, was inaugurated in Japan in 1964. After that, 
other typical HSR networks, such as the TGV in France and the ICE in Germany 
(Givoni, 2006; Hall, 2013), were developed in Europe. HSR has also experienced 
exponential growth in China – from 477 km in 2008 to 19,000 km at the end of 
2016, a distance that accounts for over 60% of the global figure (NDRC, 2016).

Meanwhile, in recent decades, China’s spatial development has experienced 
rapid urbanisation, from 17.9% in 1978, the beginning of economic reform, to 
52.6% by the end of 2012 (UNDP, 2013). It is estimated that China’s urbanisation 
level will increase to 60% by 2020 (Xin, 2014), which means more people from 
the rural areas will migrate to the cities with their new, rapidly developing 
urban areas. HSR networks in developed Western countries have shown that 
HSR is a major infrastructure embedded in urban networks and is expected to 
exert significant impacts on urban development (Vickerman, 2017; Vickerman 
and Ulied, 2006). Banister and Berechman (2001) have emphasized the need for 
relevant stakeholders to focus not only on the technical aspects related to the 
development of the whole transportation infrastructure and its relevant impacts 
on urban development. They must also focus on the economic, political and 
institutional conditions because the impacts of the transportation technology 
breakthrough on society will differ largely in different contexts. This means 
the development of HSR networks might exert different impacts on urban 
networks in China compared to those in other countries, not least regarding 
the idiosyncratic characteristics of both HSR and urban development in China. 
Up to now, China has experienced the fastest urbanisation and HSR network 
expansion in the world, with its consideration of future integration with Euro-
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Asian urban networks through the Belt and Road Initiative (BRI) (Chen and 
Zhang, 2015). The BRI is a Chinese version of the Marshall Plan, which aims 
to transfer domestic excess capacity, excess foreign exchange reserves and 
excess manpower to the middle Asian and European countries. To achieve 
this aim, one of the major strategies of the Chinese government is to invest 
in the construction of international HSR networks to connect countries within 
the BRI. Also, the success of the BRI depends largely on the development of 
both Chinese HSR and urban networks and their connections to middle Asian 
countries. Both processes raise the questions about what the consequences of 
the interaction between HSR and urban networks in China will be. 

Overall, the aim of this dissertation is to delve into the relationships between 
HSR and urban networks in the context of China, and provide insights for future 
urban development policies and HSR planning.

1.2. HSR development in China

Although HSR development in China started much later than that in developed 
countries around the world, due to its authoritarian political system the 
Chinese government has the centralized power and financial resources to 
develop HSR networks at an unprecedented speed. In 2003, the first 407 km of 
upgraded railway from Qinghuangdao to Shenyang, with trains running at an 
operational speed of 200 km/h, opened the HSR era in China. One year later, 
China announced a ‘‘Mid-to-Long-Term Railway Network Plan” (MLTRNP) and 
laid out a blueprint for building a ‘‘4+4” HSR network to alleviate rail capacity 
constraints. The plan initially intended to establish a 12,000 km high-speed 
passenger network by 2020, based on four north-south and four east-west 
corridors, plus a further 20,000 km of mixed-traffic high-speed lines with a 
target speed of 200-250 km/h (Amos et al., 2010). Two months later, the MLTRNP 
was revised, increasing the goal of HSR length from 12,000 km to 16,000 km by 
2020. In August 2008, the Beijing-Tianjin Intercity HSR line was built, marking 
the first railway in China with a design speed of up to 350 km/h (Lu, 2011). In 
the wake of the 2008 world financial crisis, a four-trillion RMB (appr. 500 billion 
Euros) stimulus package to mitigate the impact of the global financial crisis 
more than doubled the investment capital for HSR construction (Wang & Ding, 
2011). In July 2016, a new MLTRNP was announced by China’s State Council, 
a top government body led by the prime minister. The latest plan envisions an 
expansion of the HSR network to 38,000 km by 2025, with a much larger ‘‘8+8” 
network aiming to serve nearly all provincial capitals and cities with over half 
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million inhabitants, which accounts for 90% of the national population (Wang 
et al., 2017). Nowadays, the 19,000 km HSR-network in China is already the 
largest in the world. With just 14 years’ development behind it, HSR travel 
demand, measured by annual passengers, increased from 294 to 1,058 million 
between 2010 and 2015 (NDRC, 2016).

The fast development of HSR networks is associated with the policy making of 
urban development in China. Different from European HSR countries, control 
of the decision-making process of mega-infrastructure planning in China lies 
principally in the hands of the central government, which aims to ensure the 
national strategic interests of interregional integration. Therefore, the Chinese 
government regards itself as the prospective beneficiary of HSR networks as a 
public service, and accordingly, as the key stakeholder it does not subscribe to 
the ‘users-pay’ principle which prevails in developed Western countries (Wang et 
al., 2012). Consequently, economic rationality on the spending on construction 
is not the main focus of the central Chinese government, compared to Japan, 
another Asian HSR country that has a lot of joint private companies building 
HSR lines. Instead, China is developing its HSR lines under the guidance of 
the former Ministry of Railways (MOR), a state-owned company now called 
the China Railway Corporation (Givoni and Chen, 2017). In sharp contrast to 
European countries and Japan, which were highly urbanized at the time HSR 
networks were developed, when the first HSR line was opened in 2003 China’s 
urbanization rate was less than 40% (Figure 1.1). This means the development 
of an HSR network in China is in parallel with its fast urbanisation process.

Figure 1.1 Urbanisation rate and time of the first HSR line (from http://esa.un.org/unup/ 

and UIC2013)

Therefore, regarding the rather low rate of urbanisation in China, the MOR 
believed that  large-scale HSR development in China would accelerate the 
urbanisation process, in which the increased supply of HSR services could 
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contribute to urban development and, in turn, increase the demand for 
capacity (Chen, 2012). As a result, the central government aims to connect city 
nodes with new urban development for the integration of urban regions in the 
large territory by means of HSR networks, producing new functional activities 
in the region. In the meantime, local governments widely view the improved 
connectivity by HSR networks as a critical means to bring in more economic 
opportunities for their cities or regions, rather than to operate transportation 
services and make a profit per se. In other words, the subsidiaries of local 
governments for HSR development do not expect to pay off their loans by HSR 
operation per se, but by other means, such as property development at railway 
stations and surrounding areas (Wang et al., 2012). Regarding the prospective 
impacts of HSR network expansion on urban development, a huge amount of 
annual financial investment from central and local governments has enabled 
the construction of HSR to proceed much faster than many countries in the 
world (Takagi, 2011). 

In comparison with other HSR countries, the fast development of urban and 
HSR networks in parallel gives rise to the typical characteristics of HSR networks 
in China, not least of which are two HSR network systems and location choices. 
These two characteristics will be discussed in the following two subsections 
and will be mentioned as general background information for Chapters 2 to 7.  

1.2.1. China’s comprehensive HSR networks

Perl and Goetz (2014) categorised the HSR networks into three main types:
1. Exclusive corridor: dedicated HSR trunk lines 
2. Hybrid network: HSR can be operational on dedicated HSR lines 
and updated conventional lines 
3. Comprehensive network: a combination of the exclusive 
corridor and hybrid network 

Shaw et al. (2014) characterised the Japanese HSR network as an exclusive 
corridor with newly constructed, passenger-dedicated lines leading to the 
concentration of economic activities and employment opportunities in the 
connected major cities. In contrast, both the German and French systems are 
of the hybrid network type, and they contribute to the integration of regions 
and dispersal of resources from larger cities to smaller ones (Vickerman and 
Ulied, 2006). Chinese HSR networks combine the features of both the Japanese 
exclusive corridor and the European hybrid network (Perl and Goetz, 2015) 
(Figure 1.2). 
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	 Figure 1.2 China’s comprehensive HSR network planning until 2025

Specifically, China’s comprehensive HSR networks consist of two types of HSR 
passenger-dedicated lines (PDLs) systems: the D trains (Dongche), which have 
an average travel speed of 200 km/h (the upgraded intercity railway), and the 
G trains (Gaotie), which have an average travel speed of 300 km/h (the newly 
built high-speed railway) in Figure 1.2 (Takagi, 2011). The former is similar to 
the European hybrid network, and operates mainly in specific regions; the 
latter is similar to the Japanese corridor and operates in the four north-south 
and four east-west interregional corridors (Chen 2012). The first D train HSR 
line from Shenyang to Qinhuangdao was opened in 2003. By linking a group 
of major cities to areas without railway services at the regional level, D train 
systems normally operate on the upgraded rail lines with a hybrid network for 
the intra-regional connection. Currently, D train HSR networks are intensively 
being constructed in three metropolitan regions: the Pearl River Delta (PRD), 
the Yangzi River Delta (YRD) and the Bohai Rim, whose socio-economic 
productivity accounts for more than half of that of the whole country (Chen, 
2012). The first G train HSR line from Beijing to Tianjin was built in 2008, and the 
whole G train system normally operates on dedicated high-speed rail lines with 
an inter-regional connection between major cities to strengthen the interaction 
between different regions (Lu, 2011). This system has already been applied 
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to the busiest corridors connecting major provincial cities across the country, 
including eight north-south PDLs and eight east-west PDLs. The eight vertical 
HSR corridors, connecting the north to the south, are Dalian-Shanghai-Beihai, 
Beijing-Shanghai, Beijing-Hong Kong, Harbin-Hong Kong, Hohhot-Nanning, 
Beijing-Kunming, Baotou-Hainan, and Lanzhou-Guangzhou, whereas the eight 
horizontal HSR corridors, connecting east to west, are Suifenhe-Manzhouli, 
Beijing-Lanzhou, Qingdao-Yinchuan, Lianyungang-Wulumuqi, Shanghai-
Chengdu, Shanghai-Kunming, Xiamen-Chongqing, and Guangzhou-Kunming 
(Wang et al., 2017). It can be expected that all provincial capital cities will be 
brought within eight hours of Beijing in 2025 by G train HSR networks.

1.2.2. The location of HSR stations

The institutional setting plays a crucial role in the planning of HSR stations 
(Bertolini & Spit, 1998). In the context of China, the institutional setting has 
been related largely to the active role of local government as an actor in the 
market; moreover, the funding scheme of the Provincial-MOR agreement 
makes raising money easier (Dai, 2015; Wang et al., 2012). As mentioned 
above, there are two types of HSR system: the G train HSR networks used for 
interaction between regions (national HSR) and the D train HSR networks used 
for the integration of cities within regions (regional HSR). Those two types of 
HSR need intensive funding support for the construction of routes. Although 
the government provides all of the funding for construction, the share of the 
two types of HSR are different among differential government authority levels. 
At the beginning of the construction of HSR lines, funding was derived from 
MOR. However, this amount of funding was far from sufficient to cover the 
proposed expenditure of the HSR plan. Therefore, the MOR proposed a 
Province-MOR Agreement with local and provincial governments to finance 
railway investment from 2004 onwards (Wang et al., 2012). According to the 
agreement, the MOR can share 50%-70% of investments, with the remaining 
share provided by the local or provincial government involved. The provincial 
share consists of shares from individual cities on the basis of routing sections 
and stations within their jurisdiction. For these cities, the common practice 
is to convert the value of land acquisition for railway lines and stations as 
their financial contribution to the provincial share. It becomes much easier 
for the MOR to acquire the land since land acquisition is a non-issue once 
local governments use it as their contribution to the investment in the project 
(Takagi, 2011). This arrangement has motivated many cities to locate HSR 
stations in the new development areas on the outskirts of the cities, rather 
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than in the existing city core, since the farmland on the outskirts can be bought 
and the station constructed far more economically compared to the cost of 
relocating people in the city centre. 

Moreover, by combining the construction of HSR stations with other 
government-led developments, such as office building and hotels, the local 
government could raise the land value and then sell the land to investors 
and business companies (Wang et al., 2012). It is estimated that land-related 
revenues accounted for 30% of total revenue of local governments in the late 
1990s (Wu et al., 2007). But now, a decade later, this number has soared to 
three-quarters, which shows that real estate has become an important growth 
sector for the revenues of local governments (The Economist, 2014). Therefore, 
the Chinese government did not mainly consider the location of HSR from the 
perspective of the interests of its users and the operational companies, but 
more from the perspectives of regional development strategy and the interests 
of local governments for the purpose of urban development (Chen, 2012). 

1.3. Research on interacting relationships  
 between HSR and urban networks

Some studies have applied the term “networks” to describe the  relationships 
between functional urban regions when traditional fixed “space of places” has 
given way to the flowing functional relationship “space of flows” proposed by 
Castells (1996). Generally speaking, in Figure 1.3, urban networks are made up 
of (1) nodes (cities in the first place, and at the lower scale levels transportation 
terminals, households, firms and organizations), (2) linkages between the 
nodes (transportation infrastructure such as HSR and airline networks), and (3) 
the flows (people, goods, information and capital) through the linkages, where 
vertical specialization and horizontal cooperation can complement each other 
(Batten, 1995; Meijers, 2005). 
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Nodes:
· CitiesCitiesC
· Transportation	terminals:
										stations	or	airports
·· Households,	firms,	Households,	firms,	Households,	fi

organizations

Links:
· HSR	transportation	linkages
· Airline	transportation	linkages

Flows:
· Passenger	flow	data
· Time	schedule	data	

Figure 1.3 Components of urban networks

Therefore, as one of the new high-speed transportation linkages in urban 
networks, HSR could strongly interact with other components of urban 
networks for different functional activities. Three dimensions of these 
interacting relationships can be identified. First, as mentioned by Janelle 
(1969), the technology breakthrough in transportation could result in adapted 
time-space relationships of actors, largely breaking the spatial-temporal 
obstacles set up by physical distance. Therefore, the interaction between city 
nodes, which is reflected by functional flows for high-end activities such as 
financial transactions and advanced producer services, can be facilitated by 
high-speed transportation infrastructures. In other words, the physical HSR 
network could be the catalyst for the functional configuration of polycentric 
urban systems. Second, in urban networks, other high-speed transportation 
linkages. such as airline networks, exist, and these could compete with HSR 
networks for intercity travel between cities (Shaw et al., 2014). The relationship 
between HSR and airline linkages in urban networks could thus change at 
different spatial and temporal scales. Also, the configuration of urban systems 
in both transportation networks could differ largely from each other. Thirdly, 
as an intercity transportation linkage in urban networks, HSR rarely provides 
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door-to-door service between cities. However, since HSR stations can be nodes 
at the local level in urban networks, passengers still need to rely on urban 
transportation modes for their intra-city access/egress travel to/from stations 
before/after intercity HSR travel. This means the location of HSR stations and 
the disaggregated characteristics of HSR passenger flows can significantly 
influence the intra-city mode choice to/from HSR stations. In the following 
subsections, we provide a brief review of the previous research related to the 
three issues about relationships between HSR and those components of urban 
networks. 

1.3.1. HSR’s functional interaction with cities and city links: the  
 configuration of urban networks connected by HSR networks 

Research in developed HSR countries has found that HSR can cause not only 
the centralisation and specialisation of economic activities in cities in urban 
networks, but also the decentralisation and distribution of other economic 
activities among them. For instance, Garmendia et al. (2008) found that HSR 
networks can improve the connection of isolated and sparsely populated 
territories to major cities in Spain. Ureña et al. (2009) further confirmed 
that Spanish HSR networks helped intermediate cities connected by HSR to 
facilitate functional services such as business meetings, international meetings 
and a gathering of economic activities, which lead to a hierarchy change of the 
established structure of urban systems. However, other studies have proved 
that HSR networks negatively give rise to spatial inequality in specific regions. 
Sasaki et al. (1997) mentioned that the Shinkansen corridor in Japan did not 
necessarily contribute to regional dispersion and cohesion in that country. A 
study by Hall (2009) in Europe supports the finding that the spatial impacts of 
HSR networks have mainly favoured large central cities connected by HSR, 
especially the urban cores, and have weakened the position of peripheral 
cities. Regarding the concentration and dispersal effects of HSR on urban 
networks, the configuration of urban systems in specific HSR networks 
seems to be mixed. Compared to European urban systems with more evenly 
distributed urban populations and relatively close distances between pairs of 
cities, the size and territory of Chinese urban systems are much larger and are 
expanding rapidly, with more migrations from rural areas into the urban areas. 
Thus, research on the configuration of Chinese urban systems connected by 
China’s comprehensive HSR networks, which combine the features of both 
the Japanese corridor and the European hybrid network, will contribute to our 
understanding of the interaction between HSR and urban networks. 
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To identify the relationships between transportation networks and urban 
systems, two approaches to analyzing urban networks can be applied: the 
node approach and the flow approach (Limtanakool et al., 2007). However, 
the flow approach is different to the node flow approach, because the flow 
approach can reflect the dynamic relationships of city nodes in the urban 
system (Taylor et al., 2010). Regarding the application of the flow approach in 
reflecting the relationships of urban networks, two types of flow data exist: i.e. 
passenger flow and time schedule data. The former uses the actual number of 
passengers carried by transportation modes between a pair of cities, whereas 
the latter uses the frequency of transportation modes travelling between a 
pair of city nodes. Intrinsic differences exist between passenger flow and time 
schedule data. Up to now, only a few scholars have used the flow approach to 
investigate functional interactions between cities connected by HSR networks. 
For instance, Zhang et al. (2016) used HSR time schedule data to approximate 
actual passenger flows to uncover the relationships among cities in the Yangzi 
River Delta (YRD) region of China, and Hall & Pain (2006) used scheduled train 
flows to identify polycentric urban regions in Europe. The use of HSR passenger 
flow data is still rather limited. Therefore, it is necessary  to use passenger flow 
data to characterise Chinese urban systems. Furthermore, regarding the large 
differences between time schedule and passenger flow data, it is important to 
examine the extent to which the time schedule and passenger flow data produce 
different outcomes when determining the positions of cities and city links in 
urban networks. It should be noted that time schedule data are much more 
accessible to researchers than passenger flow data due to the confidentiality 
of operational passenger flow data, especially in the strictly controlled railway 
sector in China (Dobruszkes et al., 2014; Liu et al., 2015). Therefore, the insight 
obtained from the comparison between time schedule and passenger flow 
data will be useful for future studies to characterise the typical situations of 
cities and city links in which train schedule data cannot serve as relatively good 
proxies for passenger flow data.

1.3.2. HSR’s interacting relationships with other high-speed  
 transportation linkages in urban networks 

In urban networks, other high-speed transportation linkages exist, which can 
significantly reduce the time-space constraints for inter-city travel: i.e. airline 
networks. Besides HSR network construction, China has also invested hugely 
in the construction of airline network linkages in urban networks, especially 
from the start of the economic reform in the 1980s due to a rapid increase in 
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airline travel demand (Wang et al., 2016). In the recent past, domestic air travel 
demand measured by annual passengers has grown exponentially, expanding 
from 5.6 million to 436 million between 1997 and 2015, while the supply, 
measured by annual flight frequency, increased from 1.9 million to 7.9 million  
between 2001 and 2014 (Chen, 2017). 

Most scientific research has confirmed that HSR transportation competes with 
air transportation over a relatively large range of distances – between 400 
km and 2000 km, (Janic, 2003; Zheng and Kahn, 2013). The relevant research 
has focused mainly on ex-ante studies for long distance travel in European 
countries (Behrens and Pels, 2012; Dobruszkes, 2011; Jiménez and Betancor, 
2012; Román et al., 2007) and a few in China (Mao, 2010; Yang & Zhang, 2012). 
In contrast, ex-post research is quite limited in academia, and the application 
of relevant HSR geo-economic and transportation variables is rather crude in 
the data and model application, due mainly to the confidentiality of operational 
data from transportation companies and governments (Dobruszkes et al., 2014; 
Li and Loo, 2016). The advantage of the ex-post research is its accuracy in 
reflecting the actual effect of intermodal competition rather than the relatively 
poor performance of prediction embedded in the ex-ante research (Givoni 
and Dobruszkes, 2013). Different from the development of European HSR 
networks in a relatively mature aviation market with modest growth rates, 
the development of Chinese HSR networks parallels a rapidly developing and 
partially deregulated aviation market. Meanwhile, although the per capita GDP 
of China is much lower than that of European countries, the fast urbanisation 
process in Chinese urban networks has led to a significant increase in travel 
demand for services offered by both HSR and airline networks (Bullock et 
al., 2012). Thus, the actual respective shares of HSR and airlines after the 
introduction of HSR services in China could differ from the European cases, 
especially in view of the fact that the large potential travel demand of both HSR 
and airlines is hard to accurately predict in the immature Chinese market through 
ex-ante research. Therefore, ex-post rather than ex-ante research is necessary 
to explain the actual induced demand for HSR and mode substitution between 
HSR and airlines since HSR services were introduced in China.  Moreover, a 
few ex-post studies only use a dummy variable to identify the general impacts 
of the entry of HSR services on airlines, which makes it difficult to accurately 
reflect the specific influence of HSR related to geographic transportation factors 
such as travel time, frequency, and ticket fares. Therefore, it is necessary to 
fully consider those variables simultaneously, especially with their variation in 
both spatial and temporal dimensions. 
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On the other hand, in line with the aforementioned relationships (Section 
3.1) between the typological properties of transportation networks and urban 
systems, the configuration of urban systems in HSR networks could differ 
from that in airline networks, especially regarding the potential cooperative or 
competitive relationship between the two high-speed transportation linkages 
in urban networks. Up to now, a great deal of the existing literature has focused 
on functional relationships within urban systems by using scheduled seat data 
of airlines across the world (Smith and Timberlake 2001; Derudder and Witlox 
2005; Derudder and Witlox 2009; Van Nuffel et al. 2010). However, HSR travel 
has received less attention and the few available studies on the functional 
relationships within urban systems in Europe (Hall and Pain, 2006) and China 
(Zhang et al., 2016) at the regional or sub-regional scales are based only on time 
schedule HSR data. No study has compared Chinese urban systems in both 
types of high-speed transportation networks at the same national scale using 
the same type of passenger flow data. The analysis could inform future spatial 
planning of high-speed transportation linkages in Chinese urban networks with 
a larger spatial scale than other HSR countries.

1.3.3. Intra-city travel of HSR passengers to/from HSR stations in  
 urban networks

In the urban network, HSR stations could also serve as nodes at a local level 
by interoperating with urban transportation modes to meet the needs of HSR 
passengers travelling from their origin in the city to their destination in other 
cities. This indicates that HSR travel includes not only inter-city travel between 
city nodes but also intra-city trips to/from HSR stations. As one of the public 
transportation (PT) modes, therefore, the intra-city travel stages to/from HSR 
stations are vital for the whole HSR journey and can even determine whether 
HSR intercity travel is an attractive alternative for travelers compared to other 
intercity transportation modes (Brons et al., 2009; Krygsman et al., 2004).  

For intra-city travel, even when accessing a station from the same origin in 
a home-end trip, HSR travelers may have different choices of access mode 
based on their different socio-demographic characteristics, activities and 
travel characteristics. Currently, disaggregate research on the individual 
characteristics that influence travelers’ access/egress travel behaviour is 
restricted mainly to conventional PT. For instance, studies have been published 
on the influence of socio-demographics and perceptions regarding the access/
egress stages of trips to PT terminals, such as conventional railway stations in 
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the Netherlands (Brons et al., 2009; Givoni and Rietveld, 2007; Krygsman et al., 
2004) and metro stations in China (Yang et al., 2015; Zhao and Li, 2017). Among 
those studies, socio-demographics, trip characteristics and built environment 
attributes are crucial for understanding people’s access/egress mode 
choice to/from conventional PT terminals. Concerning socio-demographics, 
researchers have confirmed that age, gender, education and income are the 
most important indicators for mode choices to conventional PT terminals. 
Regarding trip characteristic factors, access/egress time and line haul time 
are also considered important indicators for the access/egress mode choice 
in conventional PT (Krygsman et al., 2004; Pels et al., 2003; Wen et al., 2012). 
When it comes to built environment factors between origins/destinations and 
conventional rail transit stations, urban population density and the location 
of PT terminals are suggested to have an influence on access/egress travel 
behaviour (Martens, 2004; Martin and Shaheen, 2014). However, those factors 
in HSR travel might differ from the case of conventional PT. For instance, as 
mentioned, the location of HSR stations in China is normally in the suburbs, 
which means the access/egress distance to/from stations will be much longer 
than that of conventional PT (Chen and Wei, 2013). Also, HSR passengers may 
have a different valuation of times and travel costs compared to conventional 
travelers, especially regarding higher ticket fares and non-daily long-distance 
HSR trips (Liu and Kesteloot, 2015). Therefore, whether access/egress travel 
behaviour in conventional PT will still be applicable in the context of HSR 
should be explored further. The answer to the question of how HSR travelers 
choose their access/egress mode in the context of China will provide solutions 
for a multimodal HSR journey and relevant policy recommendations for the 
future improvement of HSR stations. 

1.4. Research aim and questions

The previous section identified research gaps in existing knowledge; this 
section will address these gaps by formulating the research aim and questions. 
As discussed, HSR and urban networks are strongly intertwined. By connecting 
city nodes in urban networks at the regional/national level, HSR networks can 
not only significantly influence the functional relationships between city nodes 
but also interact with airline networks in transporting passengers. As nodes at 
the local level in urban networks, HSR stations need to facilitate the inter-modal 
connection between HSR stations and other urban transportation modes for 
intra-city travel. Consequently, the whole process of transporting passengers 
by HSR could have important implications for urban networks at different 
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spatial levels. Therefore, the aim of this dissertation is first to understand the 
relationships between HSR networks, airline networks and Chinese urban 
networks, and second, to understand the impact of HSR stations on intra-city 
mode choices. To achieve this aim, five main research questions are formulated 
that guide the empirical analysis presented in Chapters 2 to 6. 

Research question 1
What are the relationships between HSR networks and the structure of 
Chinese urban networks?
This question is taken up in Chapter 2 and addresses the knowledge gap 
concerning the lack of using HSR passenger flows to characterize the 
configuration of urban systems. Chapter 2 concentrates on the configuration 
of Chinese urban networks connected by HSR networks in 2013 from the 
perspective of the flow approach.  Currently, the flow approach on HSR 
networks is based largely on time schedule data from the supply side, while the 
application of actual passenger flow data from the demand side is rarely used. 
By using HSR passenger flow data, I first analyzed the spatial configuration 
of national urban networks connected by HSR. Then, to specify different 
impacts of HSR networks on specific regions, this study compared the spatial 
configuration of three major metropolitan regions (YRD, PRD and Bohai Rim). 

Research question 2
What are the differences between HSR time schedule and passenger flow data 
in characterising the structure of Chinese urban systems?
This question is dealt with in Chapter 3 and addresses the research gap on 
the comparison between passenger flows and time schedule flows. Chapter 
3 is an extension of the research in Chapter 2 comparing the applications of 
HSR time schedule and passenger flow data in characterizing the structure of 
national urban networks. Up to now, to the best of our knowledge, there are 
no comparisons between the two types of data to help us understand their 
impact on characterizing the structure of urban systems. First, the focus is on 
characterizing the structures of national Chinese networks identified by HSR 
passengers and time schedules flows. Thereafter, the most influential indicators 
of cities’ socio-economic performance, topological properties in HSR networks 
and institutional factors are analyzed to understand the differences between 
the two types of flow data. Finally, we discuss the under/overestimation of 
applying time schedule data in characterizing the configuration of urban 
networks compared to passenger flow data.
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Research question 3
What are the differences in the configuration of urban systems for HSR and 
airline transportation networks in China?
This question is dealt with in Chapter 4 and addresses the research gap in 
comparisons of urban systems in two high-speed transportation networks. 
Research has already characterized the configuration of urban systems in either 
airline networks on the national scale or HSR networks on the regional scale, 
but no study has compared the differential configurations of Chinese urban 
systems in HSR and airline networks, especially from the demand side. By using 
HSR and air passenger flow data, Chapter 4 basically attempts to understand 
how the structure of national urban systems differs between HSR and airline 
networks by linking those differences to the socio-economic and geographical 
conditions of cities connected in both HSR and airline networks. Based on link 
strength and city strength of urban networks in both transportation networks, 
I further explain the different sensitivities of socio-economic and geographical 
factors of cities and city pairs to the city strength and link strength. Then, 
the community structures of both HSR and airline networks are identified to 
understand how HSR and airline networks are clustered within urban networks. 

Research question 4 
What are the ex-post impacts of HSR travel on air passenger flows in China?  
This question stands central in Chapter 5 and addresses the research gap in the 
specific ex-post impacts of HSR transportation variables on air passenger flows. 
Although many studies have employed ex-ante research to predict potential 
competitive relationships between HSR and airline networks, relatively little 
is known about the ex-post impacts of HSR on air passenger flows in China, 
especially regarding the variations of the HSR transportation variables in the 
spatial and temporal dimensions. Chapter 5 examines this ex-post relationship 
in detail to understand how HSR travel influences airline travel demand from 
the spatial and temporal dimensions. 138 routes with HSR-airline competition 
from 2007 to 2013 were used to identify the ex-post impacts of the entry of HSR 
services, the duration of operating HSR services since entry and the specific 
impacts of HSR transport variables such as travel time, frequency and ticket 
fares on air passenger flows in China. 

Research question 5
What is the impact of socio-demographics and trip characteristics of HSR 
passengers on the access/egress mode choice to/from HSR stations?
Access/egress stages are important elements that have an impact on the use 
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of conventional PT modes. As public transportation, the use of HSR involves 
access and egress to/from HSR stations. The whole process of transporting 
passengers by HSR from one city to another is actually an inter-modal travel 
chain between HSR and other transportation modes. However, little is known 
in academia about the intra-city mode choice of HSR travelers, especially 
regarding their differential socio-demographic and trip characteristics 
compared to conventional PT travelers. Different from the previous chapters, 
where aggregate data were used, Chapter 6 deals with this question using 
disaggregate data from a survey on two high-speed railway routes with an 
operational speed of 300 km/h (Shanghai-Nanjing and Shanghai-Hangzhou) in 
the Yangzi River Delta (YRD) region. The specific impacts of socio-demographic 
(age, gender, education level, income) and trip characteristics (access/egress 
time and line haul time) of HSR travelers were analyzed. In addition, some 
aggregate information about the built environment indicators (location of HSR 
stations, urban population density, number of subway lines, and number of 
road/street intersections) was taken into account. Since some passengers who 
travel to and from stations without subway connections have a set of alternatives 
without a subway, an alternative-specific multinomial logit regression model 
was used to understand the access/egress mode choice of HSR passengers. 
The differences between access and egress stages and between business and 
leisure purposes were also highlighted.

The datasets used in this dissertation include mainly three resources: aggregated 
HSR flow data, aggregated air flow data, and disaggregate HSR passenger data. 
First, HSR flows data are mainly two types of flow data: time schedule and 
passenger flow data (Chapter 2 and Chapter 3). The O/D passenger flow data 
were collected by the Transportation Bureau of the China Railway Corporation 
in 2013 (CRC, 2013). Regarding the time schedule data, we used the Jipin time 
schedule1 for extracting the daily frequency of HSR trains from the 12 months 
of 2013 for the same cities as the acquired passenger flow data. The relevant 
socio-economic data for cities connected by HSR networks were collected from 
the China Statistics Year Book 2014 (NBSC,2014)2. Second, the aggregated O/D 
air passenger flow data were collected by the Civil Aviation Administration of 
China and include the total number of O/D air passengers travelling between 
pairs of cities. The air passenger flow data in Chapter 4 cover the 168 existing 
airport cities and 1,467 city links in China in 2013.  The air passenger flow 
data in Chapter 5 cover the 138 links with HSR-airline competition from 2007 

1 Jipin is a software to check the official time schedule (www.12306.cn).
2 China Statistics Year Book 2014 includes the socio-economic information of cities in 2013.
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to 2013. Third, the disaggregate data in Chapter 6 for socio-demographic and 
trip characteristics were collected by questionnaires from Fudan University 
with support from the Shanghai Railway Bureau. The aggregate data for the 
built environment indicators in Chapter 6 were acquired from the 2014 Chinese 
Urban Statistics Yearbook (NBSC, 2014), and open map data source (i.e. Baidu 
map and OpenStreetMap).

1.5. Thesis outline

This thesis consists of seven chapters. Chapters 2 to 6 are based on papers that 
have been published or have been submitted to international peer-reviewed 
journals. Their contents have been briefly described above and summarized 
in Table 1.1 regarding data type and the interacting relationships between 
HSR and the relevant components of urban networks to be explored. Chapter 
7 ends the thesis with a conclusion, where I return to the research questions 
and discuss the implications of the empirical findings for future HSR planning 
in China.

Table 1.1 Thesis content

Chapter Data type Components of urban networks to be explained Research scale

2

Aggregate  
 

Cities, city links, passenger flows
National/
Regional

3 Cities, city links, passenger and time schedule flows

4 Cities, city links and passenger flows

5 City links and passenger flows

6
Disaggregate and 
aggregate

Passenger flows and HSR terminals Local 
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Abstract

The High Speed Railway (HSR) has played a crucial role in the regional integration 
of urban networks in China. This paper analyses HSR passenger flows instead 
of commonly-used time schedules for measuring different polycentricity in 
urban networks. Using 2013 origin/destination (O/D) passenger flow data, 
we analyse the spatial configurations of 99 HSR cities at the national scale 
in China. In addition, we compare the spatial configurations of three regional 
urban networks: the Pearl River Delta, the Yangzi River Delta and the Bohai 
Rim. The outcomes show that the three functional regions connected by HSR 
are the most dominant polycentric regions in China and that the Bohai Rim 
is less hierarchical than the other two. We conclude that the comprehensive 
Chinese HSR networks are largely polycentric, especially in the central and 
eastern regions. 

Keywords: High Speed Railway (HSR), urban networks, flow approach, China, 
polycentricity
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2.1. Introduction

Over the past few decades, the High Speed Railway (HSR) has become
 an important component of transportation systems, and it has played a key role 
in economic and social development in various countries. The first Japanese 
HSR corridor, Tokyo-Osaka, was inaugurated in 1964. Since then, other types 
of typical hybrid HSR networks have been developed in Europe, such as the 
TGV in France and the ICE in Germany (Hall 2013; Givoni 2006). The speed and 
frequency of the HSR and its spatial network structures can to a large extent 
change the time-space relationships between cities by means of changed 
accessibility (Banister & Givoni 2013), relocated agglomeration economies 
(Vickerman & Ulied 2006; Chen & Hall 2012) and changed travel behaviours 
for various business, leisure and recreational activities, which are in favour 
of more functionally interacting polycentric urban networks (Garmendia & 
Romero 2012; Verma et al. 2013).

The Chinese HSR network is now the largest railway infrastructure construction 
project in the world. It has characteristics of both the Japanese corridor system 
and the European hybrid networks (Perl & Goetz 2014). By July 2013, China’s 
HSR network (9,760 km) accounted for 46% of the world total (UIC 2013). It is 
expected that by the year 2020, no fewer than 16,000 km of dedicated HSR trunk 
lines and 40,000 km of mixed and updated HSR lines will connect all of China’s 
capital cities and cities with more than 500,000 people, thus forming an almost 
complete national urban network connecting 90% of the total population (Liu & 
Kesteloot 2015). This comprehensive HSR network aims to integrate developed 
and undeveloped regions and to link cities within those regions, which would 
reduce the gaps in economic and social development between these cities and 
give rise to a more polycentric regional urban development in China (Yin et al. 
2015).

Research focusing on the impact of transportation infrastructure and on the 
structure of urban networks and connectivity of cities has been conducted 
using a flow approach; for instance, airline passenger flows at the global scale 
(Derudder et al. 2008; Derudder & Witlox 2009; Van Nuffel et al. 2010) and daily 
commuting flows that are produced by different transportation modes at the 
national or regional scale in Europe (Van der Laan 1998; Schwanen et al. 2001; 
Limtanakool et al. 2009). Studies on the spatial configuration of HSR flows 
exist, but there are two shortcomings. First, due to lack of data, most research 
on HSR networks is based on time schedules and not on actual passenger 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 38PDF page: 38PDF page: 38PDF page: 38

Chapter 2 The Spatial Structure of High Speed Railways and Urban Networks in China: A Flow Approach

38

flows (e.g., Hall & Pain (2006) in Europe and Luo et al. (2011), Luo (2010) and 
Feng et al. (2014) in China). However, time schedules from the supply side 
can only capture the number of trains arriving at and departing from a city 
without determining the actual number of passengers using the trains from the 
demand side (Neal 2010). Second, these studies only characterize the structure 
of urban networks, which is only one dimension of flows in urban networks. 
Another dimension is the strength of interaction between cities. The aim of this 
paper is to characterize the strength and structure of HSR networks in China 
from the perspective of actual passenger flows and to elucidate the resulting 
configuration of the Chinese urban networks at the national and regional scale. 
The analysis is based on the national origin/destination (O/D) HSR passenger 
flows for the year 2013 of the Transportation Bureau of the China Railway 
Corporation, which includes 106 HSR stations in the country.

This paper is structured as follows. Section 2 describes the existing studies on 
Chinese HSR networks and presents the two dimensions of interaction networks. 
Section 3 presents our analytical framework, after which we introduce our HSR 
O/D flow data. In section 4, the results of our analyses are discussed, which 
consist of a general overview of HSR passenger flows at the national scale. 
This section is followed by analyses of three major functional urban regions in 
China. The final section comprises the conclusions of the paper and an outlook 
on some future research issues.

2.2. Context of Chinese comprehensive HSR  
 network and spatial configuration of urban  
 networks

Perl and Goetz (2015) categorised the HSR networks into three main types:
1. Exclusive corridor: dedicated HSR trunk lines 
2. Hybrid network: HSR can be operational in the dedicated HSR line and 

updated conventional lines 
3. Comprehensive network: a combination of the exclusive corridor and 

hybrid network 

Shaw et al. (2014) characterized the Japanese HSR network as an exclusive 
corridor with a dedicated newly-built railway track leading to the concentration 
of economic activities and employment opportunities in those connected major 
cities. In contrast, both the German and the French experience verify that the 
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hybrid HSR network contributes to the integration of regions and dispersal of 
resources from larger cites to smaller cities (Vickerman & Ulied 2006).

The Chinese HSR network combines the features of both the Japanese corridor 
and the European hybrid network (Figure 2.1) (Perl & Goetz 2015). This complex 
network is based on two types of HSR networks: the D trains with a speed 
of 250 km/h operating in the hybrid regional traffic system and the G trains 
with a speed of 350 km/h operating in the four north-south and four east-west 
interregional corridors (Chen 2012). The D train HSR line first opened in 2003 
and spans 407 km from Shenyang to Qinhuangdao. It normally operates in the 
upgraded rail lines with a hybrid network for the intra-regional connection. The 
first G train HSR line, the Beijing-Tianjin Intercity line, was built in 2008 and 
has an operational speed of 300 km/h; it normally operates in the dedicated 
high speed rail lines with an inter-regional connection of major cities (Lu 2011). 
Infrastructure networks have received much scientific attention because the 
topological properties of a transportation network can to some extent define 
the spatial and functional economic processes between cities (e.g., Reggiani & 
Nijkamp 2007).

Figure 2.1 Spatial distribution of the HSR network in China (2012) Source: Jiao et al. (2014)



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 40PDF page: 40PDF page: 40PDF page: 40

Chapter 2 The Spatial Structure of High Speed Railways and Urban Networks in China: A Flow Approach

40

A number of studies based on time schedule data of transport modes have 
attempted to measure the spatial configuration of the network at large and 
in more detail, especially in the airline network at the interregional scale in 
Europe (Burghouwt et al. 2003), the USA (Brueckner 2003), and China (Wang 
et al. 2014), as well as the railway mode at the regional scale in Europe (Hall 
& Pain 2006). Studies HSR infrastructure began with Hall & Pain (2006). 
In the Chinese context, HSR studies were prompted by the country’s fast 
development of HSR networks. Most of these studies use time schedule data 
and follow the social network analysis on functional polycentricity developed 
by Green (2007), uncovering the polycentricity of functional urban regions 
connected by the HSR at the regional scale. Luo (2010; 2011) used the high-
speed train flow data to measure the polycentricity of the Yangzi River Delta 
(YRD) region and noted the growing integration of cities within the YRD region; 
Nanjing and Shanghai in particular had the strongest connection. Based on 
the frequency of the intercity trains, including those with a speed of less than 
200 km/h, Feng et al. (2014) used the same approach as Luo (2010) to measure 
the polycentricity of the Pearl River Delta (PRD) region and discovered that the 
PRD is more polycentric than the YRD region. Based on the ground transport 
(intercity buses and trains) and airline time schedule traffic flows, Liu et al. 
(2016) also used the methodology developed by Green (2007) to measure the 
functional and morphological polycentricity for each individual urban region 
in China; they concluded that the east coastal region (such as the YRD and the 
PRD regions) reach high levels of morphological and functional polycentricity 
and that the PRD is more functionally polycentric than the YRD region. 

In this paper, regarding the advantage of passenger flows data by more clearly 
reflecting the actual demand of urban nodes for travelling compared with 
time schedule data from the supply side (Neal 2010), we shift our approach 
to analysing O/D passenger flows data instead of time schedule data by 
situating HSR networks between the ideal-typical extremes of concentration 
and dispersal and by focusing on the strength and structure of urban networks. 
We contend that passengers taking the HSR for various business, leisure and 
recreational purposes facilitate external interaction between cities. Urban 
networks can thus be placed on a continuum ranging from a fully concentrated 
(monocentric) system in which traffic flows are concentrated in one (or a few) 
dominant node(s) to a fully dispersed (polycentric) system in which there are 
no truly dominant nodes because traffic flows are dispersed across urban 
areas (Figure 2.2).
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Figure 2.2  Conceptual model,  adapted from Limtanakool et al. (2007)

Strength defines the extent of interaction between cities through links. When 
cities are strongly interrelated, the movement of people for the purpose of 
business, leisure and other social travelling purposes can be largely transmitted 
from one city to the other (Derudder & Witlox 2005). In our study, we aim to 
account for the differences at the level of actual HSR passenger flows in the 
whole urban network. The cities with more external incoming and outgoing 
HSR passenger flows in comparison with other cities in a certain urban network 
are considered dominant. The links with more HSR travellers than other links 
are considered strongly connected.

Structure defines the urban network, which ranges from whether it is a 
hierarchically concentrated structure (fully monocentric) to a non-hierarchically 
dispersed structure (fully polycentric). In a fully polycentric network, every city 
is equally important; it means that the external HSR links between cities are 
equally strong, and the movement of HSR passengers is fully symmetrical and 
in favour of a reciprocal relationship.
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2.3. Research design

We measure configuration of the HSR network in the context of China at the 
national and regional scale by adapting the framework presented in Limtanakool 
et al. (2007) and using the 2013 O/D national HSR passenger flows data.

2.3.1. Analytical framework

Four indices can be devised to measure strength and structure: the Dominance 
Index, the Relative Strength Index RSLij and the Entropy Indices OCIc and OCIl . 
These measures are defined at two levels: the individual nodes/links level and 
the network level (Table 2.1). 

The Dominance Index DITi  and the Relative Strength Index RSLij  are the measures 
for strength at the individual city/link level. Non-directional dominance DITi  
(equation 1) is calculated as the ratio between the sum of the interactions 
associated with city I and the average extent of interactions associated with 
other cities in the network. The relative strength RSLij  (equation 2) is measured 
at the link level between a pair of cities, calculating the proportion of interaction 
on a single link between a pair of cities relative to the total interaction in the 
network.

     
(1)  
   

(2)  
  

Ti  is the total number of passengers associated with city i, and i≠j. Cities with 
DITi  values above 1 are considered dominant because they are more important 
than the average of the other cities in the network. tij is the total number of 
passengers travelling between cities i and j, and i≠j. RSLij  is the value for all links 
in the network sum to unity, while individual values range from 0 to 1. A value 
of 1 represents the highest strength of a link.

Entropy indices OCIc and OCIl  are measured for structure at the network level. 
OCIc (equation 3) is the measure that calculates the extent to which the total 
interaction is distributed evenly across all cities in the network. OCIl  (equation 
4) is the overall distribution index based on links, and it measures the extent 
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to which the total interaction is distributed evenly across all links (city pairs) in 
the network. 
    

(3)  
     

(4)  

Zi  is the share of passengers associated with city i from the total number of 
passengers, and I is the number of cities in the network. OCIc  ranges from 0 to 
1. A value of 0 denotes the highest hierarchical differential. Zi is the share of 
passengers travelling on link l from the total number of passengers, and L is 
the potential number of links in the network. ODIl  ranges from 0 to 1. A value of 
0 denotes the highest hierarchical differential.

Our data do not include passengers’ specific home-based place information 
nor does it include their travelling purposes, which means that the directional 
information about passengers is missing. Thus, it is difficult to analyse the 
hierarchical differences of symmetry at the individual cities and links levels. 
Therefore, we will only analyse the non-directional indices related to strength 
and structure. Furthermore, because our data contain a large number of 
nodes and links, it is difficult to clearly interpret the indices of the structure, 
particularly the comparisons among networks with different nodes and links. 
Therefore, we will adopt the rank size adjustment to those indices of the 
structure from two perspectives: Standard Deviation (SD) and Normalization. 
Mathematical calculations for these terms can be referenced in Derudder and 
Witlox (2009) and Van Nuffel et al. (2010). For a straightforward understanding 
of the meanings of adjusted strength and structure indices, we dubbed the 
indices based on nodes and links levels, specifically the cities and links. Table 
1 includes labels and interpretations for the indices; those in bold are the 
additional indices adjusted from Van Nuffel et al. (2010) and Derudder and 
Witlox (2009).
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Table 2.1 Indices for strength and structure * 

Level Index Label Interpretation

Citiees Individual City strength
, whereby  means a 

dominant city. Large differences between  
values point to the presence of hierarchical 
differentiation

Network

N

Normalized 
cities’ 
structure

N , whereby
0=completely even distribution (no hierarchical 
differential)
1=all passenger concentrated in one city (maximum 
hierarchical differentiation)
0.5=rank size distribution

SDN_ Normalized 
SD cities‘ 
strength

SDN_  , whereby
0=completely even distribution (no hierarchical 
differential)
1=all passenger concentrated in one city (maximum 
hierarchical differentiation)
0.5=rank size distribution

Links Individual Link strength
 , whereby values for all links 

in the network sum to 1. Large value of  
points to a dominant link in the whole network. 

Large differences between  values point to the 
presence of hierarchical differentiation

Network

N

Normalized 
links’ structure N , whereby

0=completely even distribution (no hierarchical 
differential)
1=all passenger concentrated in one link (maximum 
hierarchical differentiation)
0.5=rank size distribution

SDN_ Normalized 
SD links’ 
strength

SDN_  , whereby
0=completely even distribution (no hierarchical 
differential)
1=all passenger concentrated in one link (maximum 
hierarchical differentiation)
0.5=rank size distribution

* The indices in italics are derived from Limtanakool et al., 2007; in bold italics are adjusted based 
on the work of Van Nuffel et al. (2010)
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2.3.2. Data description

The Transportation Bureau of the China Railway Corporation collected the 
data used in this study, including the total incoming and outgoing numbers of 
aggregated D train and G train O/D passengers travelling between pairs of cities. 
The data cover the 106 existing HSR cities in China up until the end of 2013 (over 
436 million passengers).1 Some cities, such as Tianjin and Jinan, have more than 
one HSR station; the passenger numbers of multiple HSR stations have been 
merged into one city since our principal aim is to measure the urban networks 
instead of HSR networks as such. Seven cities with HSR stations were connected 
over the year 2013, so we omitted those seven cities to obtain a complete 
overview of national HSR flows for stations existing throughout 2013. Within 
this data, to make comparisons for cities whose HSR stations are inaugurated 
at a time span between 2003 and 2013 we created a set of new national urban 
networks with regard to temporal scales (i.e. existing in 2012, 2011, etc)2. 
Furthermore, not only at the national but also at the regional level, we analysed 
the flows for three functional regions: the Bohai Rim (BR), YRD and PRD. The 
reason for selecting the three regions is that they are China’s dominant and 
most competitive economic spaces with relatively mature and complementary 
economic structures, covering 40 per cent of the total Chinese population and 
accounting for 58.9 per cent of total GDP (Liu & Liu 2014). Based on the study by 
Liu & Liu (2014), we set the boundaries of these functional urban regions. The 
HSR cities included in the three regions can be found in Table 2.2 and Figure 2.3.

Table 2.2 Functional urban regions of the intra-regional analysis

Functional Urban Regions Number of HSR cities The major HSR cities 
BR 19 Beijing, Tianjin

YRD 15 Shanghai, Nanjing

PRD 3 Guangzhou, Shenzhen 
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Figure	2	Geographic	distribution	of	HSR	cities	in	China	and	within	three	functional	urban	regions	

	

	

	

	

	

Figure 2.3 Geographic distribution of HSR cities in China and within three functional urban 

regions
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2.4. Results

The results are presented at the national scale (section 4.1) and for three urban 
regions (section 4.2) on the individual node/link level as well as the network 
level. 

2.4.1. National urban networks

The national urban network in 2013
First, we analysed the strength of cities and links at the individual level. For a 
straightforward interpretation within the same urban network, we maintained 
the original indices to understand the hierarchical differences among different 
cities and links within the same spatial or temporal scale. Table 2.3 shows the 
top 10 most dominant cities (28 in total) in 2013 with a City strength (DITi) 
value larger than 1. As Figure 2.3 clearly demonstrates, at the national scale, 
the dominant cities in China are all the major cities in specific urban regions. 
They are municipality cities (Beijing, Shanghai), capital/sub-provincial cities 
(Guangzhou, Nanjing, Wuhan, Shenzhen, Hangzhou, Changsha, Shenyang, 
Jinan, Zhengzhou, Fuzhou, Xiamen, Changchun, Hefei, Chengdu, Shijiazhuang, 
Qingdao, Chongqing, Dalian, Ningbo and Taiyuan), regionally important 
cities with a very high GDP (such as Wuxi, Changzhou, Zhenjiang and Jilin), 
and transportation hub cities (such as Xuzhou). It is surprising that Tianjin, a 
municipality-level city with a large GDP and population, is not as dominant 
in our analysis as other major cities in China. It could be that Beijing exerts a 
fierce competitive effect on Tianjin for resource and socio-economic activities, 
which was reflected in HSR passenger flows data.

Table 2.3 Top ten values of the indices of national urban network

Rank Region City DITi Region Link RSLij
(*1000)

City strength Link strength

1 YRD Shanghai 9.91 PRD Guangzhou-Shenzhen 57.56

2 Bohai Rim Beijing 9.24 YRD Shanghai-Hangzhou 29.82

3 PRD Guangzhou 5.84 YRD Shanghai-Suzhou 28.52

4 YRD Nanjing 5.04 YRD Shanghai-Nanjing 23.84

5 Middle Wuhan 4.30 Chengdu-Chongqing 22.37

6 PRD Shenzhen 3.79 Jilin-Changchun 18.99

7 YRD Hangzhou 3.55 YRD Shanghai-Wuxi 16.61

8 YRD Suzhou 3.30 Xiamen-Fuzhou 13.86

9 Middle Changsha 2.46 Bohai Rim Beijing-Shijiazhuang 13.68

10 Bohai Rim Shenyang 2.45 Beijing-Taiyuan 13.61
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Figure	3	City	strength	in	2013	

	

	

	

	

	

	

	

	

Figure 2.4 City strength in 2013

Of the 28 dominant cities, 18 can be categorized into the three mature functional 
regions: the BR has 6 cities, the YRD has 10 cities and the PRD has 2 cities. As 
shown in Figure 2.4, those three regions to a large extent host most dominant 
cities in the national urban network and formulate a polycentric urban network 
with multiple dominant cities. With regard to the number of dominant cities 
within each region, the YRD region is the most dominant region in China, 
followed by the BR and the PRD regions.



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 49PDF page: 49PDF page: 49PDF page: 49

Chapter 2 The Spatial Structure of High Speed Railways and Urban Networks in China: A Flow Approach

49

	

Figure	4	Link	strength	in	2013	

	

	

	

	

Figure 2.5 Link strength in 2013

In the link analysis, we visualized the values of Link strength (RSLij ) in Figure 
2.5 and listed the top 10 connections in Table 2.3. In Figure 2.4, for reasons of 
readability, we only showed the values of Link strength (RSLij ) above 1. Figure 
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2.5 clearly revealed that the HSR connections between the eastern and western 
parts of China until 2013 are limited. This finding is because there was no direct 
connection from the eastern parts of China towards the southwestern part 
of China, such as the two major cities of Chongqing and Chengdu, although 
there is a strong connection between Chongqing and Chengdu. Furthermore, 
compared to the western parts of China, there are already relatively complete 
HSR networks in the eastern part of China, such as the PRD, the YRD and the 
BR regions. Beijing and Shanghai, as the political centre and economic centre 
in China, respectively, have the most HSR flow connections in 2013. Out of the 
most connected links, 17 are within specific regions, such as the 1st-ranked 
Guangzhou-Shenzhen link (located within the PRD region), the 2nd-ranked 
Shanghai-Hangzhou link and the 3rd-ranked Shanghai-Suzhou link (both 
within the YRD region). This finding means that HSR strongly contributes to 
intra-regional connections, and it can also be observed in Figure 2.2; Beijing-
Shanghai, Wuhan-Guangzhou, Beijing-Zhenzhou and Beijing-Nanjing rank 
13th, 21st, 22nd and 25th, respectively, among the 1, 506 total links, which 
means that the inter-regional connections in the middle and eastern parts of 
China have been achieved largely by these HSR networks.

Overall, at the national scale, the three functional urban regions connected 
by HSR have played dominant roles in China in terms of city strength and link 
strength within and across the regions. There is a strong connection between 
the middle and eastern parts of China. However, the unbalanced connections 
between the eastern and western parts in China are obvious at the national 
scale as well.

Comparisons of national urban networks at temporal scales
To straightforwardly interpret how the length of time an HSR-station has been 
in a city impacts the configuration of national urban networks, we conducted 
separated analyses on a set of national urban networks formulated based on 
the first year of opening HSR stations. They range from the national urban 
network of cities with HSR stations existing in 2003 to the one existing in 
2012. We visualized the distributions of the number of passengers in terms 
of differential temporal scales.3 The index values of the network level of cities 
and links, the Normalized SD cities’ strength (SDN_DITi ), the Normalized 
cities’ structure (ODIc N), the Normalized SD links’ strength (SDN_RSLij), and the 
Normalized links’ structure(ODIl N) are categorized, and their corresponding 
trend lines have been plotted according to the number of cities and links in 
Figure 2.6 and 2.7.
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Figure 2.6 Number of cities vs. network level of cities

It can be concluded that at the network level of cities, the more cities are involved 
in the national network, the more even the distribution of city strength. With the 
increasing number of cities in the national urban network, the Normalized SD 
cities strength is decreasing, which is obvious given the difference between the 
number of cities existing in 2003 (5 cities) versus in 2006 (21 cities). However, 
with more cities added into the network, the impact of the number of cities on 
the Normalized SD cities strength (SDN_DITi )  is reduced and is moving toward 
a steady state with an even distribution of city strength. In the meantime, the 
Normalized cities structure ODIc N is also decreasing, with the exception of the 
31 cities existing in 2007. This could be because the added cities (Guangzhou 
and Shenzhen) are dominant in the national urban networks, with large 
numbers of inhabitants and strong economic and social activities, which could 
cause the disturbance in the normalized cities structure.
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Figure 2.7 Number of links vs. network level of links

At the network level of links, with an increasing number of links, both the 
Normalized SD links strength (SDN_RSLij ) and the Normalized links structure 
(ODIlN)  are decreasing, with the exception of the 259 links existing in 2007. 
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This means that in general, the more links between pairs of cities, the less 
hierarchical the link structure of cities. The explanation for the disturbance in 
the number of links existing in 2007 could be that the link between Guangzhou 
and Shenzhen is the one with the most travelling passengers, which gives rise 
to a more hierarchical links structure compared to the number of links existing 
in 2006.

Figure 2.8 Histogram of normalized indices of national urban networks at different temporal scales 4

Figure 2.8 presents a general overview of the configurations of urban networks 
at different temporal scales. With the exception of the urban network existing in 
2007, the more advanced in time the national urban network is, the smaller the 
values of Normalized SD cities strength (SDN_DITi), Normalized cities structure 
(ODIc N), Normalized SD links strength (SDN_RSLij) and Normalized links structure 
(ODIlN) of the relevant urban networks are. The national urban network with HSR 
stations existing in 2003 shows the most hierarchal differences at the network 
levels of both cities and links. The reason that the indices values of the urban 
network existing in 2007 are larger than those existing in 2006 might be related 
to the importance of the added two cities, Guangzhou and Shenzhen, as well 
as the Guangzhou-Shenzhen link, as previously mentioned. In the data, the link 
between Guangzhou and Shenzhen has the most travelling passengers; the 
importance of those two cities could be more influential at the regional scale 
than at the national scale. In addition, although at the network level of links the 
Normalized SD links strength (SDN_RSLij) and Normalized links strength (RSLlN) 
existing in 2010 are the same as those existing in 2011, the Normalized SD 
cities strength (SDN_DITi) and the Normalized cities structure (ODIc N ) existing 
in 2010 are larger than those in 2011. This means that at the network level of 
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cities, the configuration of the urban network existing in 2011 is less hierarchal 
than that of the urban network existing in 2010. This also holds true for the 
structure of the urban network existing in 2012 at the network level of links, 
which is less hierarchal than that of the urban network existing in 2011.

In sum, the national urban networks with HSR stations existing from 2003 
to 2012 showed a trend of becoming less hierarchical and more polycentric, 
especially with regard to the number of HSR cities and HSR links added into 
the HSR network.

2.4.2. Regional urban networks

Intra-regional passenger flows for the three functional urban regions
We conducted the intra-regional passenger flow analysis for individual cities 
and links in the three functional urban regions (BR, PRD and YRD). Visualizations 
of City strength (DITi) and Link strength (RSLij) for the three functional urban 
regions in China are displayed in the following figures.
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Figure	4	Results	for	the	Yangzi	River	Delta	
Figure 2.9 Results for the Yangzi River Delta

Figure 2.9 shows that within the YRD region, Shanghai, Nanjing, Suzhou, 
Hangzhou and Wuxi’s City strength (DITi ) values are larger than 1, meaning 
that they are dominant within the YRD region and play important roles in the 
economic and social activities related to HSR travel. In addition, Shanghai, 
with a (DITi ) value of 5.39, has the most significant difference with the rest of 
the dominant cities, reflecting Shanghai’s primary position in the YRD region. 
Furthermore, with regard to the Link strength (RSLij), the top 3 links (highlighted 
in dark green lines) are Shanghai-Hangzhou, Shanghai-Suzhou and Shanghai-
Nanjing. The integration among these five dominant cities has been increased 
to a large extent by the HSR network.
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Figure	5	Results	for	the	Bohai	Rim	region	

	

Figure 2.10 Results for the Bohai Rim region

Figure 2.10 shows that there are five cities whose City strength (DITi )  values are 
greater than 1 (Beijing, Jinan, Shenyang, Qindao and Shijiazhuang), meaning 
that they are dominant in the BR region and are the centres for the economic and 
social activities related to HSR travel in that region. Beijing, with the largest City 
strength (DITi )  value of 7.25 and large differences with the rest of the dominant 
cities, is clearly in the primary position in the BR region. With regard to the 
Link strength (RSLij , Beijing-Shijiazhuang, Beijing-Jinan, Beijing-Shengyang, 
Shenyang-Dalian and Beijing-Qinhuangdao are the top 5 links, indicating that 
as the political centre of China, Beijing has strong connections with regional 
capital cities such as Shijiazhaung, Jinan and Shenyang. In addition, Jinan and 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 56PDF page: 56PDF page: 56PDF page: 56

Chapter 2 The Spatial Structure of High Speed Railways and Urban Networks in China: A Flow Approach

56

Shenyang have strong connections with the sub-provincial cities of Qingdao 
and Dalian (in the Shangdong Province and Liaoniang Province, respectively), 
meaning that HSR contributes to the sub-regional integration of the major 
cities within the provinces.

	

Figure	6	Results	for	the	Pearl	River	Delta	

	

Figure 2.11 Results for the Pearl River Delta

Figure 2.11 demonstrates that compared to the YRD and the BR regions, the 
number of HSR cities in the Pearl River Delta was smaller up until the end of 
2013. However, both Guangzhou and Shenzhen are dominant in this region 
with regard to their City strength (DITi)  values, and the large value of Link 
strength (RSLij), between Guangzhou and Shenzhen represents the strong 
integration of these two mega cities in the region. 

Overall, first tier cities such as Beijing, Shanghai, and Guangzhou in the three 
functional urban regions are dominant with regard to their HSR connections. 
Those strong connections all emanate from the three first tier cities in each 
functional urban region. In particular, we discovered that in the YRD region, 
Shanghai-Suzhou and Shanghai-Hangzhou are more strongly connected 
compared to Shanghai-Nanjing, which was the most connected city link 
identified by time schedule studies (Luo, 2010; 2011). In the BR, Tianjin plays 
a significantly less dominant role in the urban networks, especially with 
regard to its economic importance and the high frequency of high speed train 
connections to other cities. This could be because Beijing and Tianjin have 
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been developing the same types of economic activities without cooperating. 
Beijing is the national capital, which offers advantages in terms of producer 
services such as financial, business and professional services spreading over 
the whole country; these services are not offered by Tianjin (Chen 2012). This 
difference is reflected by the HSR passenger flow network and not by the time 
schedule data.

Comparisons among the three functional urban regions
To conduct a general comparison among the three regions at the individual 
level of cities and links, we listed the numbers of dominant cities and cumulated 
values of links for the three regions in Table 2.4. In terms of the number of 
dominant cities, in the BR and YRD regions, there are five cities with a City 
strength (DITi )  value larger than 1, meaning that polycentric urban networks 
have been formed and/or supported in those regions to a large extent by HSR 
networks which is comparable to the hybrid HSR networks in Germany and 
France. In the PRD region, Guangzhou and Shenzhen and the link between 
them represent the dominant cities and the strongest connection, which to 
some extent means the HSR connection in this region is mainly centralized 
in Guangzhou and Shenzhen; thus, a more monocentric system is formulated 
that is more comparable to the Japanese corridor system than the other two 
regions with hybrid HSR networks. In terms of the cumulated top 5 Link strength 
(RSLij) , the exclusive HSR corridor in the PRD has the largest cumulated link 
strength value, which also reflects a more hierarchical nature than the other 
two regions. It should be obvious that the exclusive HSR corridor in the PRD 
region (ref. the Japanese system) is a consequence of the limited number of 
HSR cities and links in the PRD region up to 2013. Wang et al. (2012) clarified 
that the Ministry of Railway is mainly responsible for funding investment in 
the inter-regional HSR routes crossing different provinces but is less interested 
in the intra-regional intercity railways within a province. The PRD region in 
Mainland China is located in one province only (Guangdong), in contrast to 
the YRD and the BR regions, which are situated in more than one province. 
For the intra-regional intercity railway construction in the PRD region, and 
being the wealthiest province in China, Guangdong had to contribute 50% of 
the investment for the rail construction, compared to a 20%-30% contribution 
from the other provinces in which YRD and BR regions are situated. The huge 
investment burden for the Guangdong Province and less funding support from 
the Ministry of Railway resulted in a slow deployment of HSR infrastructure in 
the PRD region up until 2013. However, with regard to the economic potential 
and the proximity to Hong Kong, actually in the PRD region, there are non-
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HSR cities connected by other ground transportations with complementary 
economic activities and GDP contribution among each other. Therefore, here 
it is hard to compare the configuration of the PRD urban networks with limited 
HSR connections to the other two regions with relatively completed HSR 
connections at the network level. 

Although this intra-regional passenger flow analysis that is based on the 
individual cities and links level has hinted at the usefulness of those measures, 
the following section will present the results of the normalized values of indices 
on the network level. 

Table 2.4 Individual level of cites and links*

Regions No. dominant cities with City 
strength DITi > 1 

Cumulated top-5 Link strength 
RSLij (*1,000)

Bohai Rim 5 (19) 396.69 (96)

Yangzi River Delta 5 (15) 470.39 (99)

Pearl River Delta 2 (3) 1,000 (2)

*The values in the bracket indicate the numbers of cities and links.

Table 2.5 lists the differential adjusted indices of structure for the comparisons 
among the three regions.

Table 2.5 Normalized indices for the urban networks

Cities Links

Regions Total 
number of 
Passengers 

SDN _DITi

Normalized SD 
cities ‘strength

ODIc N
Normalized 
cities’ structure

No. 
Cities

SDN_RSLij

Normalized SD 
links’ strength

ODIl N
Normalized 
links’ 
structure

No. 
Links

PRD 57,815,870 0.45 0.55 3 0.995 0.58 2

YRD 216,926,278 0.47 0.51 15 0.460 0.53 99

Bohai 
Rim

118,150,830 0.49 0.50 19 0.420 0.52 96

Table 2.5 reveals that at the overall network level of cities, the YRD and the 
BR regions’ Normalized cities’ structure (ODIcN) values approach the rank size 
distribution, which means that those two regions are polycentric at the network 
level of cities. Among them, the BR region’s Normalized cities’ structure (ODIcN) 
is even smaller than that of the YRD region, which means that the dominance 
of the BR’s cities is less hierarchically different than that of the YRD cities. At 
the overall network level of links, the YRD and BR regions are less hierarchically 
different. However, the BR regions’ Normalized SD links’ strength (SDN_RSLij) is 
much smaller than that of the YRD region, which means that at the network 
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level of links, the BR region is less hierarchically differentiated.

In sum, at the regional level, the spatial effects of the HSR network are different 
in the three functional urban regions. On the one hand, the exclusive HSR 
corridor in the PRD tends to exert more concentrated effects on Guangzhou 
and Shenzhen. On the other hand, hybrid HSR networks in both the BR and 
YRD exert more dispersed effects on the urban networks. Furthermore, 
the configuration of the BR regional urban network with the HSR network 
connection is less hierarchical than the YRD. 

2.5. Conclusions 

This paper brings some contributions to the current state of research, as it 
uses a methodology not yet applied to the Chinese context and more clearly 
explains the similarities and differences with the time schedules research. The 
aim of this paper was to characterize the strength and structure of HSR networks 
in China from the perspective of actual passenger flows and to elucidate the 
resulting new configuration of the Chinese urban networks at the national and 
regional scale. To that end, we draw on two original dimensions (strength and 
structure) of a model proposed by Limtanakool et al. (2007) and adjustments 
proposed by Derudder and Witlox (2009) and Van Nuffel et al. (2010).

At the national scale, our analysis (based on 2013 data) suggests that the 
national urban networks connected by Chinese comprehensive HSR networks 
existing from 2003 to 2012 show less hierarchical structure, especially in the 
eastern and middle parts of the country. Similar to the findings of Liu et al. 
(2016) that the east coast regions in China reach high levels of polycentricity 
in terms of the extent and number of dominant cities and links, the Bohai 
Rim, the Pearl River Delta and the Yangzi River Delta are the most dominant 
polycentric regions in the national urban networks. Those dominant HSR 
nodes and links are normally major cities in China with better economic 
performance and stronger functional interacting activities among each other. 
This reflects that in the middle and eastern regions, especially the three coastal 
regions with higher GDP and population than any other regions of China, the 
improved accessibility of cities by HSR networks can to a large extent change 
the passenger travel behaviour for socio-economic activities and facilitate the 
agglomeration economies in multiple dominant cities to form a complementary 
polycentric functional urban networks. At the regional scales, from the indices 
of strength at the individual node or link level, we can conclude that the top 
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3 cities in China (Shanghai, Beijing and Guangzhou) are also the prime HSR 
cities within the three functional regions. Our research confirms their leading 
positions, which agrees with other transportation network studies (Luo 2010; 
Luo et al. 2011; Cai et al. 2013; Feng et al. 2014). However, in contrast to those 
time schedule studies and in light of HSR passenger flow data, our study leads 
to a more detailed understanding of the network at the regional level by means 
of comparing links and nodes both between and within the regions such as the 
stronger connectivity of Shanghai-Suzhou and Shanghai-Hangzhou in the YRD 
and the less dominant role of Tianjin in the BR. Hybrid HSR networks in the BR 
region exert more dispersed effects, leading this region to be more polycentric 
than the YRD region, which is different from what Liu et al. (2016) observed in 
the polycentricity comparisons among functional regions using time schedule 
data. Previous findings showed that the level of functional polycentricity of 
the PRD region is relatively high due to the ground transportation network (cf. 
Feng et al. 2014). In our research, however the exclusive HSR corridor between 
Guangzhou, Shenzhen and Zhuhai within the PRD region tend to show a 
hierarchical structure on the regional urban network of the PRD region with 
its limited number of nodes and links in 2013; this finding is compared to the 
relatively completed HSR network deployment in the YRD and the BR regions. 
Furthermore, on the topic of network characteristics of the HSR transportation 
system, the internal and external integration of the PRD region is not as strong 
as that of the YRD and BR regions. To realize national integration, especially in 
the southwest (Chongqing, Chengdu) and southeast part of China, the Chinese 
government needs to pay much more attention to HSR development of the PRD 
region. This region should be integrated much more strongly into the national 
HSR connections and development policies to facilitate the interactions among 
cities within and outside of the PRD region.

Our analyses clearly reflect the mutual relationship between HSR infrastructure 
and urban networks in China in 2013. Some avenues for future research can be 
identified. First, the current data only cover one year and are aggregated into 
the total number of passenger travelling by D and G trains, therefore it cannot 
reflect HSR’s longitudinal impacts on the development of urban networks in 
China and conduct the separate analysis on two categories of HSR trains. 
Second, although there are many current studies based on time schedules 
data, research has yet to address whether there are large differences between 
time schedule and passenger flow data by applying the same analytical 
framework to understand the polycentricity of urban networks. Third, future 
research should take into account the different HSR travel purposes to identify 
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different spatial configurations of networks for business travel, leisure travel 
and commuting travel. Lastly, considering directionality for the passenger flow 
will enable us to explain the differences in symmetry of urban networks.

 
Notes:

1. Including 4 municipality-level cities: Beijing, Tianjin, Shanghai, Chongqing; 20 sub-
municipality and provincial-level cities: Jinan, Qindao, Hefei, Nanjing, Zhenzhou, Xi’an, 
Wuhan, Changsha, Guangzhou, Shenzhen, Haikou, Shenyang, Changchun, Ha’erbin, Dalian, 
Hanzhou, Ningbo, Fuzhou, Xiamen, Chengdu; 2 county-level cities: Qufu and Haicheng; and 
the rest of prefecture-level cities.

2. Analyses are conducted by the cross section data on sub-networks according to the opening 
time of HSR stations, instead of the longitudinal data.

3. The individual graphs for each year are available upon request at the authors.
4. Data are missing for 2004 and 2005 due to the reason that during that time span the cities in 

our data were not connected by the D train for the operational speed up to 200km/h until the 
sixth speed-up plan of the central government was finished in April 2007 (see Takagi 2011).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 62PDF page: 62PDF page: 62PDF page: 62

Chapter 2 The Spatial Structure of High Speed Railways and Urban Networks in China: A Flow Approach

62

References

1. ALBALATE, D. & G. BEL (2012), High-speed Rail: Les- sons for Policy Makers from 
Experiences Abroad. Public Administration Review, 72, pp. 336–349. 

2. BANISTER, D. & M. GIVONI (2013), High-speed Rail in the EU27: Trends, Time, 
Accessibility and Principles. Built Environment, 39, pp. 324–338. 

3. BRUECKNER, J. (2003), Airline Traffic and Urban Economic Development. Urban 
Studies, 40, pp. 1455–1469. 

4. BURGHOUWT, G., J. HAKFOORT & J.R. VAN ECK (2003), The Spatial Configuration 
of Airline Networks in Europe. Journal of Air Transport Management, 9, pp. 309–
323. 

5. CAI, L., X. MA, W. C, X. LUAN & G. LI (2013), Char- acteristics of Functional 
Polycentricity of PRD Urban Region Based on Passenger Traffic Flow (in Chinese). 
Economic Geography, 33, pp. 52–57. 

6. CHEN, C.-L. (2012), Reshaping Chinese Space- economy through High-speed Trains: 
Opportu- nities and Challenges. Journal of Transport Geogra- phy, 22, pp. 312–316. 

7. CHEN, C. & HALL, P. (2012), The Wider Spatial- economic Impacts of High-speed 
Trains: A Comparative Case Study of Manchester and Lille Sub-regions. Journal of 
Transport Geography, 24, pp. 89–110. 

8. DERUDDER, B., F. WITLOX, J. FAULCONBRIDGE & J. BEAVERSTOCK (2008), Airline 
Networks and Urban Systems. GeoJournal, 71, pp. 1–3. 

9. DERUDDER, B. & WITLOX, F. (2005), An Appraisal of the Use of Airline Data in 
Assessing the World City Network: A Research Note on Data. Urban Studies, 42, 
pp. 2371–2388. 

10. DERUDDER, B. & F. WITLOX (2009), The Impact of Progressive Liberalization 
on the Spatiality of Airline Networks: A Measurement Framework based on the 
Assessment of Hierarchical Differ- entiation. Journal of Transport Geography, 17, 
pp. 276–284. 

11. FENG, C., D. XIE, X. MA & L. CAI (2014), Func- tional Polycentricity of the Urban 
Region in the Zhujiang River Delta Based on Intercity Rail Traffic Flow. Scientia 
Geoographica Sinica, 34, pp. 648–655. (in Chinese). 

12. GARMENDIA, M. & V. ROMERO (2012), High-speed Rail Opportunities around 
Metropolitan Regions: Madrid and London. Journal of Infrastructure Sys- tems, 18, 
pp. 305–313. 

13. GIVONI, M. (2006), Development and Impact of the Modern High-speed Train: A 
Review. Trans- port Reviews, 26, pp. 593–611 

14. GREEN, N. (2007), Functional Polycentricity: A Formal Definition in Terms of Social 
Network Analysis. Urban Studies, 44, pp. 2077–2103. 

15. HALL, P. (2013), High Speed Two: The Great Divide. Built Environment, 39, pp. 339–
354. 

16. HALL, P. & K. PAIN (2006), The Polycentric Metropolis: Learning from Mega-City 
Regions in Europe. London: Routledge. 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 63PDF page: 63PDF page: 63PDF page: 63

Chapter 2 The Spatial Structure of High Speed Railways and Urban Networks in China: A Flow Approach

63

17. JIAO, J., J. WANG, F. JIN & M. DUNFORD (2014), Impacts on Accessibility of China’s 
Present and Future HSR Network. Journal of Transport Geogra- phy, 40, pp. 123–
132. 

18. LIMTANAKOOL, N., T. SCHWANEN & M. DIJST (2007), A Theoretical Framework 
and Method- ology for Characterising National Urban Systems on the Basis of 
Flows of People: Empirical Evidence for France and Germany. Urban Stud- ies, 44, 
pp. 2123–2145. 

19. LIU, S. & C. KESTELOOT (2015), High-speed Rail and Rural Livelihood: The 
Wuhan-Guangzhou Line and Qiya Village. Tijdschrift voor Economische en Sociale 
Geografie, 107, pp. 469–483. 

20. LIU, S. & X. LIU (2014), Report on Chinese Mega- city Regions Development in 2014. 
Shanghai: Chinese Publisher Company. 

21. LIU, X., B. DERUDDER & K. WU (2016), Measuring Polycentric Urban Development 
in China: An Intercity Transportation Network Perspective. Regional Studies, 50, pp. 
1302–1315. 

22. LU, H. (2011), The Impact of the High-speed Train on urban Regions (in Chinese). 
Chinese and Overseas Architecture, 1, pp. 83–84. 

23. LUO, Z. (2010), Study on the Functional Polycen- tricity of Yangtze River Delta. 
Urban Planning International, 25, pp. 60–65. (in Chinese) 

24. LUO, Z., H. HE & L. GEN (2011), Analysis of the Polycentric Structure of Yangtze 
River Delta Based on Passenger Traffic Flow. Urban Planning Forum, 2, pp. 16–23. 
(in Chinese). 

25. NEAL, Z. (2010), Refining the Air Traffic Approach to City Networks. Urban Studies, 
47, pp. 2195–2215. 

26. PERL, A.D. & A.R. GOETZ (2015), Corridors, hybrids and networks: Three global 
develop- ment strategies for high speed rail. Journal of Transport Geography, 42, 
pp. 134–144. 

27. REGGIANI, A. & P. NIJKAMP (2007), Transport Net- works and Metropolitan 
Development: New Ana- lytical Departures. Networks and Spatial Economics, 7, 
pp. 297–300. 

28. SASAKI, K., T. OHASHI & A. ANDO (1997), High- speed Rail Transit Impact on 
Regional Sys- tems: Does the Shinkansen Contribute to Dis- persion? The Annals of 
Regional Science, 31, pp. 77–98. 

29. SCHWANEN, T., F.M. DIELEMAN & M. DIJST (2001), Travel Behaviour in Dutch 
Monocentric and Policentric Urban Systems. Journal of Transport Geography, 9, 
pp. 173–186. 

30. SHAW, S.-L., Z. FANG, S. LU & R. TAO (2014), Impacts of High Speed Rail on Railroad 
Net- work Accessibility in China. Journal of Transport Geography, 40, pp. 112–122. 

31. TAKAGI, K. (2011). Development of high-speed railways in China. Japan Railway 
and Transport Review, (57), pp. 36–41. 

32. UIC (2013), High speed lines in the world. <http://www.uic.org/spip.php?mot8> 
Accessed on 27 May 2017. 

33. VAN DER LAAN, L. (1998), Changing Urban Sys- tems: An Empirical Analysis at Two 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 64PDF page: 64PDF page: 64PDF page: 64

Chapter 2

64

Spatial Lev- els. Regional Studies, 32, pp. 235–247. 
34. VAN NUFFEL, N., P. SAEY, B. DERUDDER, L. DEV- RIENDT & F. WITLOX (2010), 

Measuring hier- archical differentiation: connectivity and dominance in the 
European urban network. Transportation Planning and Technology, 33, pp. 343–366. 

35. VERMA, A., H.-S. SUDHIRA, S. RATHI, R. KING & N. DASH (2013), Sustainable 
urbanization using high speed rail (HSR) in Karnataka, India. Research in 
Transportation Economics, 38, pp. 67– 77. 

36. VICKERMAN, R. & ULIED, A. (2006), Indirect and wider economic impacts of high 
speed rail. In G, DE RUS ed., Economic Analysis of High-speed Rail in Europe, pp. 
89–103. Bilbao: BBVA Foundation. 

37. WANG, J.J., C. RONG, J. XU & S.W.O. OR. (2012), The funding of hierarchical 
railway develop- ment in China. Research in Transportation Econom- ics, 35, pp. 
26–33. 

38. YIN, M., BERTOLINI, L. & DUAN, J. (2015), The effects of the high-speed railway on 
urban devel- opment: International experience and potential implications for China. 
Progress in Planning, 98, pp. 1–52. 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 65PDF page: 65PDF page: 65PDF page: 65

3
COMPARING PASSENGER FLOW AND 
TIME SCHEDULE DATA TO ANALYSE 
HIGH-SPEED RAILWAYS AND URBAN 

NETWORKS IN CHINA

Yang H., Dijst M., Witte P., van Ginkel H. and Wang J. 2018. Comparing 
passenger flow and time schedule data to analyse High-Speed Railways and 

urban networks in China. Urban Studies (forthcoming).



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 66PDF page: 66PDF page: 66PDF page: 66

Chapter 3
Comparing passenger flow and time schedule data to analyse High-Speed 

Railways and urban networks in China

66

Abstract

China’s High-Speed Railways (HSR) network is the largest in the world, 
transporting large numbers of passengers by high-speed trains through urban 
networks. Little is known about the analytical meaning of the use of two types 
of flow data, namely, time schedule (transportation mode flow) and passenger 
flow data, to characterize the configuration of urban networks regarding 
potential spatial effects of HSR networks on urban networks. In this paper, we 
compare HSR passenger flow data with time schedule data of 2013 in China 
within the same analytical framework. The findings show great differences 
in the strength of cities and links generated using the two different types of 
flow data. These differences can be explained largely by the socio-economic 
attributes of the cities involved, such as large tertiary employment, and GDP 
per capita, the cities’ topological properties (closeness centrality) in HSR 
networks, and institutional factors (hub status), especially for the difference in 
link strength. The strength of first-tier cities in China with high socio-economic 
performance and the HSR links connecting core cites and major cities within 
respective regions tends to be underestimated when using time schedule flows 
compared with passenger flows. When analysing the spatial structure of HSR 
and urban networks by means of flows, it is important for urban geographers 
and transportation planners to consider the meaning of the different types of 
data with the analytical results. 

Keywords
High-Speed Railways (HSR), passenger flow, time schedule, urban networks, 
China



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 67PDF page: 67PDF page: 67PDF page: 67

Chapter 3
Comparing passenger flow and time schedule data to analyse High-Speed 

Railways and urban networks in China

67

3.1. Introduction

Over the past several decades, urban geographers have used the network 
concept to understand the structure and organization of urban systems, 
particularly by investigating the external functional relationships among city 
nodes. The functional relationships of urban systems are related to socio-
economic processes, such as financial transactions, and functional connectivity, 
for instance commuting within or among cities (Green, 2007). To understand the 
functional relationships among city nodes and the spatial structures of urban 
networks, scientific research has focused on one of two different approaches: 
the node approach or the flow approach (Taylor, 2009; Limtanakool et al., 2007a). 
In the node approach, the functional attributes of cities are taken into account 
to identify the functional interactions and connectivity of city nodes (Derudder 
et al., 2003; Taylor, 2004). However, the node attribute approach has been 
criticized because it only partially explains the external functional relationships 
among cities (Neal, 2010; Taylor, 2009). As a result, many academics have 
turned their attention towards the flow approach, which focuses on people, 
goods, information and capital flow among those nodes (Meijers, 2005).

The flow approach has been applied largely to research the structure of urban 
networks by means of traffic flows (Derudder et al., 2010). Traffic flows are 
derived from two types of data sets: data that characterize the supply side of 
transportation based on the time schedules of public transportation companies, 
and data that refer to the demand side of actual passenger flows. Due to 
reasons of commercial privacy and confidentiality, not all urban researchers can 
acquire actual passenger flow data from operational transportation companies 
or authorities. As an alternative, they must resort to open data sources such 
as time schedule data derived from publicly available time schedules (Liu et 
al., 2015). As a result, many studies of the spatial structures of transportation 
and urban networks use time schedule data (Feng et al., 2014; Luo, 2010; 
Wang et al., 2011, 2014), but only a few studies use passenger flow data, in 
airline networks, for example (Derudder and Witlox, 2009; Van Nuffel et al., 
2010). Regarding the application of the two types of data in characterizing the 
configurations of urban networks, it remains unclear whether time schedule 
data are a good proxy for passenger flow data regarding spatial impacts of 
transportation networks. 

Currently, to the best of our knowledge, no scientific study has compared 
the two types of data within the same transportation network and, more 
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importantly, within the same analytical framework. In this paper, we focus on 
China’s HSR network to answer the question, “What are the impacts of using 
different types of flow data of HSR networks when analysing the characteristics 
of urban systems in China?” The answer for that is important since the time 
schedule and passenger flow data produce different outcomes of the positions 
of cities and city links, especially regarding potential concentration and 
dispersal effects of HSR networks on urban networks. To answer this question, 
we used the theoretical framework developed by Limtanakool et al., (2007a) 
to analyse transportation flow data in the networks, and applied a stepwise 
regression analysis to identify the most determinant attributes of urban 
systems to explain the differences between the two types of flow data. In the 
end, by means of scatterplot analysis, we empirically characterised the typical 
situations of cities and city links in which train schedule data do not serve as 
relatively good proxies for passenger flow data.

Next section first details the theoretical background and conceptual framework 
of our study. Then we introduce two types of HSR flow data sets and the relevant 
data comparison method. The subsequent sections present the empirical results 
of two types of HSR flow data sets, the regression results for the determinant 
attributes of urban systems, and the scatterplot analysis results of the typical 
characteristics of those attributes to explain the differences between the two 
types of flow data. The paper concludes with a discussion and overview of our 
main findings.

3.2. Understanding the external functional  
 relationships of urban networks using different  
 flow approaches 

3.2.1. Background 

Urban networks in general comprise nodes (cities), linkages between the nodes 
(transportation infrastructure), and interaction flows (e.g., people, goods, 
information, and capital) through the linkages, where vertical specialization 
and horizontal cooperation can complement each other (Meijers, 2005). Two 
approaches to analysing urban networks can be applied: the node approach 
and the flow approach. Currently, in academia, the flow approach is preferred 
over the node approach to characterise the configuration of urban networks 
because the flow approach can reflect the dynamic and interacting relationships 
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of city nodes in the urban system. 

The flow approach is divided into transportation mode and passenger flow 
approaches. The transportation mode approach uses the frequency of 
transportation mode travelling between a pair of city nodes. The frequency of 
transportation modes is usually obtained from accessible open data sources 
such as the time schedules of the booking websites of public transportation 
operational companies or travel agencies (Burghouwt et al., 2003). As a 
result, this approach has already been intensively applied to medium- and 
long-haul public transit transportation modes such as airlines and railways to 
identify the structure of urban networks at least beyond the regional scale. 
For example, a considerable amount of research has examined the readily 
available transportation schedules in the airline mode at the interregional scale 
in Europe (Burghouwt et al., 2003), in the US (Brueckner, 2003), and in China 
(Wang et al., 2014), as well as the railway mode at the regional scale in Europe 
(Hall and Pain, 2006). 

Unlike the transportation mode approach, the passenger flow approach uses 
the actual number of passengers carried by transportation modes between a 
pair of cities. The advantage of this approach could be that it more clearly 
reflects the actual demand of urban nodes for travelling (Neal, 2010). However, 
compared with airlines, the application of the passenger flow approach in other 
public transportation modes is rare in the characterization of urban networks. 
This is due to the confidentiality of operational passenger flow data, especially 
in the strictly controlled railway sector in China (Liu et al., 2015). 

From the end of 2003 when the first HSR train between Shenyang and 
Qinhuangdao began to operate, until the end of 2014, Chinese HSR networks 
have become the largest HSR network in the world, with more than 11,000 km, 
accounting for more than 50% of the world total (Diao et al., 2017). Initiated 
by Hall and Pain (2006) and due to the fast development of HSR networks in 
China, according to the time schedule data set, studies on Chinese railway 
infrastructure follow the social network analysis on functional polycentricity 
developed by Green (2007), uncovering the polycentricity of the functional 
urban regions connected by HSR at the regional scale. Luo (2010) used high-
speed time schedule data to measure the polycentricity of the Yangzi River 
Delta (YRD) region and mentioned the increasing integration of cities within 
the YRD region. Based on the frequency of intercity trains, including those with 
a speed of less than 200 km/h, Feng et al. (2014) used the same approach as 
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Luo (2010) to measure the polycentricity of the Pearl River Delta (PRD) region, 
discovering that the PRD is more polycentric than the YRD region. However, 
transportation mode flows derived from the time schedules of transportation 
companies can only capture the number of trains arriving to and departing 
from a city, without knowing the real number of passengers using the trains 
(Neal, 2010). Thus, compared to HSR passenger flow data, the application of 
time schedule data shows limitations, since time schedule data do not include 
information on the capacity (passenger loading and unloading volumes) or 
the number of carriages and seats of trains. Furthermore, it should be kept in 
mind that even the application of actual HSR passenger flows can only reflect 
a certain type of configuration of urban systems connected by HSR networks 
since other transportation passenger flows, such as conventional railways and 
highways, could also facilitate functional interactions between cities (Liu and 
Kesteloot, 2015). 

3.2.2. Analytical framework 

Different analytical methods exist to characterize the urban network by means 
of transportation networks. The method of complex network is widely used 
to explore the topological properties of transportation networks (e.g. degree 
centrality, betweenness centrality and closeness centrality) by means of 
transportation mode flows. Good examples are analyses of the Chinese airlines 
network (Wang et al., 2011; Wang et al., 2014), and the maritime network 
(Ducruet, 2013). Also, the reversed gravitation model has been used widely to 
estimate nodal attractions in cities from passenger flow volumes, for example 
the application of air passenger flows in the city nodes in China (Xiao et al., 
2013). Although both methods are very useful, the method of complex network 
uses only the topological properties of cities in transportation networks as 
proxies for their importance in urban networks and neglects the importance 
of city pairs, while the reversed gravitation model does not measure the 
structure of a whole urban network. To understand the differences between 
the two types of HSR flow data in characterizing the whole pattern of the 
urban network, a flow approach based on Limtanakool et al. (2007a) is used by 
situating HSR networks between the ideal-typical extremes of concentration 
and dispersal, and by focusing on the strength and the structure of urban 
networks. Regarding spatial effects of HSR networks, urban networks can thus 
be placed on a continuum ranging from a fully concentrated (monocentric) 
system in which time schedule/passenger flows are concentrated in one (or 
a few) dominant node(s), to a fully dispersed (polycentric) system in which 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 71PDF page: 71PDF page: 71PDF page: 71

Chapter 3
Comparing passenger flow and time schedule data to analyse High-Speed 

Railways and urban networks in China

71

there are no truly dominant nodes because time schedule/passenger flows are 
dispersed across urban areas (Figure 3.1) .The strength of nodes and links is 
relevant to the position of a city or a link in the urban system. The structure 
defines the urban network, ranging from a fully monocentric to a fully polycentric 
structure. Both passenger and time schedule data do not include information 
on the origins or destinations of trips. In this paper, two indices are used to 
measure the strength (Dominance Index DITi and the Relative Strength Index 
RSLij) and two are used to measure the structure (Entropy Indices ODIc and ODIl). 
These measures are defined at two levels: the individual node/link level and 
the network level. 

Figure 3.1 Conceptual model for HSR flows and urban networks adapted from Limtanakool et al. 

(2007a).

DITi and RSLij)  are measures of the strength at the individual city/link level. At 
the individual city level, non-directional dominance DITi  calculates the ratio 
between the sum of the interactions associated with city i and the average 
extent of the interactions associated with other cities in the network. RSLij is 
measured at the link level between a pair of cities and calculates the proportion 
of traffic interaction on a single link between a pair of cities relative to the total 
traffic interaction in the network:
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(1)  

networks can thus be placed on a continuum
ranging from a fully concentrated (mono-
centric) system in which time schedule/pas-
senger flows are concentrated in one (or a
few) dominant node(s), to a fully dispersed
(polycentric) system in which there are no
truly dominant nodes because time schedule/
passenger flows are dispersed across urban
areas (Figure 1) .The strength of nodes and
links is relevant to the position of a city or a
link in the urban system. The structure
defines the urban network, ranging from a
fully monocentric to a fully polycentric
structure. Neither passenger nor time sched-
ule data include information on the origins
or destinations of trips. In this article, two
indices are used to measure the strength (the
Dominance Index DITi and the Relative
Strength Index RSLij), and two are used to
measure the structure (Entropy Indices
ODIc; and ODIl). These measures are
defined at two levels: the individual node/
link level and the network level.

DITi and RSLij are measures of the
strength at the individual city/link level. At
the individual city level, non-directional
dominance DITi calculates the ratio between
the sum of the interactions associated with
city I and the average extent of the interac-
tions associated with other cities in the net-
work. RSLij is measured at the link level
between a pair of cities and calculates the
proportion of traffic interaction on a single
link between a pair of cities relative to the
total traffic interaction in the network:

DITi =
Ti

(
PJ

j= 1 Tj=J)
ð1Þ

RSLij =
tijPI

i= 1

PJ
j= 1 tij

ð2Þ

where Ti is the total number of passengers/
trains associated with city I, and i6¼j. Cities
with DITi values above 1 are considered
dominant because they are more important

1. Conceptual model for HSR flows and urban networks.
Source: Adapted from Limtanakool et al. (2007a).

Yang et al. 5

     

(2)  

where Ti is the total number of passengers/trains associated with city i, and 
i≠j. Cities with DITi values above 1 are considered dominant because they are 
more important than the average of the other cities in the network. tij is the total 
number of passengers/trains travelling between cities i and j, and i≠j. RSLij is the 
value for all links in the network sum to unity, where individual values range 
from 0 to 1. A value of 1 indicates the highest strength of a link.

ODIc and ODIl are measured for the structure at the network level. ODIc (equation 
3) is the measure that calculates the extent to which the total interaction is 
distributed evenly across all cities in the network. ODIl (equation 4) is the overall 
distribution index based on links, and it measures the extent to which the total 
interaction is distributed evenly across all links (city pairs) in the network.

(3)  

than the average of the other cities in the
network. tij is the total number of passen-
gers/trains travelling between cities i and j,
and i6¼j. RSLij is the value for all links in the
network sum to unity, where individual val-
ues range from 0 to 1. A value of 1 indicates
the highest strength of a link.

ODIc and ODIl are measured for the
structure at the network level. ODIc (equa-
tion 3) is the measure that calculates the
extent to which the total interaction is dis-
tributed evenly across all cities in the net-
work. ODIl (equation 4) is the overall
distribution index based on links, and it
measures the extent to which the total inter-
action is distributed evenly across all links
(city pairs) in the network.

ODIc = �
XI

i= 1

(Zi) ln (Zi)

ln I � 1ð Þ ð3Þ

ODIl = �
XL
l= 1

(Zl) ln (Zl)

ln Lð Þ ð4Þ

Zi is the share of passengers associated with
city i within the total number of passengers/
trains, and I is the number of cities in the
network. ODIc ranges from 0 to 1. A value
of 0 measures the highest hierarchical differ-
ential. Zl is the share of passengers/trains
travelling on link l among the total number
of passengers/trains, and L is the potential
number of links in the network. ODIl ranges
from 0 to 1. A value of 0 measures the high-
est hierarchical differential.

Data description and data comparison
method

The Transportation Bureau of the China
Railway Corporation collected the passenger
flow data which are used in this study,
including the incoming and outgoing num-
bers of D trains (average operational speed
around 200 km/hour) and G trains (average
operational speed around 300 km/hour) for

O/D passengers travelling between pairs of
cities. This data set covers the 106 existing
HSR cities in China up to the end of 2013
(over 436 million passengers). Some cities,
such as Tianjin and Jinan, have more than
one HSR station, and the passenger numbers
for multiple HSR stations have been merged
for one city. Because seven cities with HSR
stations were connected during 2013, we
omitted those seven cities to have a complete
overview of national HSR flows for the sta-
tions existing throughout 2013. In addition,
some passengers transit in hub cities, such as
Beijing and Guangzhou, to take another
HSR train to their destination. In our data
set, these journeys with a transfer are
counted as two individual trips. Therefore,
we acknowledge that, to some extent, pas-
senger flow data may slightly misrepresent
the actual number of passengers travelling
from their origins to hub cities (non-hub
cities).

Regarding the time schedule data, we
used the Jipin time schedule for extracting
only the daily frequency of HSR trains in
2013.1 We collected the O/D train flows
from the 12 months of 2013 for the same 99
cities as the acquired passenger flow O/D
data set. The data sets include the number of
all D+G trains from one city to the other
in a matrix table. We then calculated the
average daily HSR frequency from the time
schedule data sets, including two types of
HSR trains (G trains and D trains).

In total, we had 99 HSR cities and 1240
HSR connections for both types of data sets
at the national scale. Both values were calcu-
lated for time schedule data as well as for
passenger flow data to identify the differ-
ences in the rank of cities and links using
two types of data sets.

Observed differences between the types of
data will be explained by the attributes of
city nodes and links. Three types of indices
from the attributes of urban systems were
chosen as potential determinants of the

6 Urban Studies 00(0)

            

(4)  

Zi is the share of passengers associated with city i within the total number of 
passengers/trains, and I is the number of cities in the network. ODIc ranges from 
0 to 1. A value of 0 measures the highest hierarchical differential. Zi is the share 
of passengers/trains travelling on link l among the total number of passengers/
trains, and L is the potential number of links in the network. ODIl ranges from 0 
to 1. A value of 0 measures the highest hierarchical differential.

3.2.3. Data description and data comparison method

The Transportation Bureau of the China Railway Corporation collected the 
passenger flow data which are used in this study, including the incoming and 
outgoing numbers of D trains (average operational speed around 200 km/h) 
and G trains (average operational speed around 300 km/h) for O/D passengers 
travelling between pairs of cities. This data set covers the 106 existing HSR cities 
in China through the end of 2013 (over 436 million passengers). Some cities, 
such as Tianjin and Jinan, have more than one HSR station, and the passenger 
numbers for multiple HSR stations have been merged for one city. Because 
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seven cities with HSR stations were connected during 2013, we omitted those 
seven cities to have a complete overview of national HSR flows for the stations 
existing throughout 2013. In addition, some passengers transit in hub cities, 
such as Beijing and Guangzhou, to take another HSR train to their destination. 
In our data set, these journeys with a transfer are counted as two individual 
trips. Therefore, we acknowledge that, to some extent, passenger flow data 
may slightly misrepresent the actual number of passengers travelling from 
their origins to hub cities (non-hub cities).

Regarding the time schedule data, we used the Jipin time schedule for 
extracting only the daily frequency of HSR trains in 20133. We collected the O/D 
train flows from the 12 months of 2013 for the same 99 cities as the acquired 
passenger flow O/D data set. The data sets include the number of all D+G trains 
from one city to the other in a matrix table. We then calculated the average 
daily HSR frequency from the time schedule data sets, including two types of 
HSR trains (G trains and D trains). 

In total, we had 99 HSR cities and 1,240 HSR connections for both types of data 
sets at the national scale. Both values were calculated for time schedule data 
as well as for passenger flow data to identify the differences in the rank of cities 
and links using two types of data sets.

Observed differences between the types of data will be explained by the 
attributes of city nodes and links. Three types of indices from the attributes 
of urban systems were chosen as potential determinants of the observed 
differences (Table 3.1). First, indicators for the socio-economic performance of 
cities have been chosen: GDP per capita, urban population and employment 
in the tertiary sector (Taylor 2009; Limtanakool et al. 2007b). These indicators 
represent a measure of the potential travel demand of a given city. Due to the 
high correlation between tertiary employment and urban population, we have 
chosen tertiary employment given that HSR travel is oriented mainly toward 
tertiary industry in a city such as the finance and estate sectors (Cheng et al., 
2015). Second, the topological properties of transport networks are important 
(Reggiani and Nijkamp, 2007). These topological properties of transportation 
networks, i.e. degree centrality (DC), closeness centrality (CC) and betweenness 
centrality (BC), could reflect the direct connectivity, accessibility, and transitivity 
of city nodes in the transportation networks, respectively (Wang et al., 2011). 
Because HSR travel is not a direct point-to-point connection compared to 

3 Jipin is a software to check the official time schedule (www.12306.cn). However, detailed information 
on the capacity and number of train carriages is not accessible from the time schedule. 
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airline travel (Givoni and Dobruszkes, 2013), and there is a high correlation 
between CC and DC (Lin, 2012), we have chosen CC as an indicator. Cities 
with a high level of closeness centrality are able to attract or generate more 
operational transportation services (Lin, 2012); high betweenness centrality 
in the transportation network allows a city node to broker more flows and 
serve as a crucial hub (Borgatti et al., 2009). Third, institutional factors have 
been identified as potential indicators of activities that are likely to generate 
transportation flows. We assume that the railway hub status of a city given by 
the central government could play an important role in the provision of HSR 
trains (Jin et al., 2010). This indicator is different from BC, since it reflects the 
hub status of cities from a planning perspective in the whole railway system 
rather than from an operational perspective in the HSR network. In addition, 
the higher the position of a city in the administrative hierarchy, the more 
likely it is that people, especially civil servants living in that city, would travel 
to other cities via transportation networks (Dobruszkes et al., 2011). To reflect 
the attributes of city links, we used the summed attributes of city nodes as 
indicators for a link. The variable of summed BC was not used for the difference 
in link strength because of its high correlation with tertiary employment (r = 
0.84). A classical, linear multiple regression model was drawn up using the 
‘‘stepwise’’ method to determine significant variables that are useful to include 
in the model to explain the differences between the two types of data in city 
strength and link strength. Scatterplot analysis was applied to characterize the 
cities and links for which time schedule data are not robust (unacceptable over- 
or underestimation) proxies for passenger flow data.

data. Compared with the national network
of passenger flow data, with 28 dominant
cities (DITi city strength larger than 1), that
of the time schedule data has 35 dominant
cities. Furthermore, there are smaller differ-
ences between the values of DITi in the
dominant cities in the national HSR net-
work of the time schedule data. With regard
to link strength, the accumulated value of
the top 10 links in the national network of
the time schedule data (109.14) is much
smaller than that of the passenger flow data
(238.86), indicating that the national net-
work derived from the time schedule data
appears to be less hierarchical than the one
derived from passenger flow data.

Table 4 shows the structure values for
passenger and time schedule data. With
regard to the city structure ODIc, the city
networks of both data sets show a less hier-
archical configuration, whereas the city net-
work level of the passenger flow data is

more hierarchical than that of the time
schedule data. Regarding the link structure
ODIl, the link networks of both data sets
show a hierarchical configuration, whereas
the link network level of passenger flows is
more hierarchical than that of the time
schedule data as well.

In summary, large differences were found
between the two types of HSR flow data at
the national scale when determining the hier-
archical positions of cities and links. The
time schedule data represent a picture of less
hierarchical urban networks in that there are
fewer dominant cities and smaller accumu-
lated values of top 10 link strength com-
pared with the passenger flow data. That
also means that even though the operational
companies arrange an average number of
HSR trains between cities to pursue disper-
sal effects of HSR networks on national
urban networks, the HSR networks would
still contribute to more concentration effects

Figure 2. Scatterplot part.

10 Urban Studies 00(0)

Figure 3.2. Scatterplot part.
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The scatterplot (Figure 3.2) can be divided into six parts: the upper left and 
right parts, the middle left and right parts, and the lower left and right parts. 
The Y-axis represents the dependent variable, the difference in city strength or 
link strength. The X-axis represents the relevant significant independent node/
link attributes from the regression model. Based on the three sigma rule of 
statistics (Pukelsheim, 1994), we define the mean value plus and minus one 
standard deviation for the Y-axis as the lower and upper limit values to delimit 
the values of time schedule data, which represent passenger data (the middle 
parts) reasonably well. In this study, if the differences between the two types of 
data (passenger flow and time schedule data) in city strength and link strength 
are above one standard deviation, then the differences between the two types 
of data sets is considered too large. This means that in this situation, the use 
of time schedule data will lead to unacceptable over- or underestimation 
of city/link strength of deviant cities/links in the upper or lower parts. The 
remaining normal cities located in the middle parts mean that time schedule 
data represent passenger flow data for identifying city and link strength. 
Furthermore, to differentiate the typical characteristics of deviant cities from 
those of normal cities, we define the mean value plus one standard deviation 
for the X-axis as the threshold values for the node/link attributes to identify 
how the overestimation or underestimation cases are related to the attributes 
of nodes or links of urban systems.
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Table 3.1. Variables for the scatterplot analysis.

Variables Explanation Min-Max 
values

Mean 
value

Dependent variables

Difference in 
city strength

DIF_DITi=DITi_time schedule-DITi_passenger 
DIF_DITi ∈(-∞,+∞), whereby 
<0 means the city strength of time schedule data 
underestimate the city strength of passenger flow data.  
>0 means the city strength of time schedule data 
overestimate the city strength of passenger flow data. 
= 0 means the city strength of time schedule data is 
equal to the city strength of passenger flow data. 

-4.72-1.32 -0.014

Difference in 
link strength 

DIF_RSLij=RSLij_time schedule-RSLij_passenger 
DIF_RSLij ∈(-∞,+∞), whereby <0 means the link strength 
of time schedule data underestimate the link strength 
of passenger flow data.  
>0 means the link strength of time schedule data 
overestimate the link strength of passenger flow data.  
= 0 means the link strength of time schedule data is 
equal to the link strength of passenger flow data.

-4.552-0.827 0.004

Independent variables at city level

GDP per capita * City’s GDP per capita in 2013 (yuan) 15801.98-
466996.1 66886.32

Tertiary 
employment*

City’s employees in the tertiary sector in 2013 (10,000 
persons)

2.06-564.73 41.99

BC

                              where σkj is the sum of all shortest 
paths between nodes k and j, and σkj (i) is the number of 
shortest paths that pass through i. It reflects the extent 
to which a particular city node lies between other nodes 
in a network, indicating the transitivity. 

0-1189.374 51.03

CC

                           where dij is the number of edges for the 
shortest path from i to j, n is the number of city nodes. 
It measures the extent to which a node is close to all 
other nodes along the shortest path and reflects its 
accessibility in a given transportation network.

0.198-0.742 0.51

Hub status
Railway hub status: 0= non-hub city 1= hub city, which 
is defined according to (Jin et al., 2010)

0-1 0.15

Administrative 
level

Hierarchical administrative level (scored) 
1=municipality city 2= sub-provincial/regional capital 
city 3= prefecture city 4=county city, which is defined 
according to (Ma, 2005)

1-4 2.72

Independent variables at link level
GDP per 
capita_Sum

Summed GDP per capita number of two connected 
cities in a link 

35599.95-
652267.6 148959.9

Tertiary 
employment_Sum

Summed urban population number of two connected 
cities in a link

11.13-939.66 533.6

CC_Sum Summed CC value of two connected cities in a link 0.44-1.41 178.59

Hub status_Sum
Summed value of two connected cities’ hub status in 
a link

0-2 1.11

Administrative 
level_Sum

Summed value of two connected cities’ administrative 
level in a link

2-8 5.27

*Chinese Statistics Year Book 2014
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3.3. Empirical results for the two types of HSR  
 data sets on the strength and structure of  
 urban networks 

First, we compared the two types of data sets at the national scale to see how 
HSR networks determine the configuration of urban networks, whether with 
concentration or dispersal effects. The top 10 dominant cities with a value of 
DITi  larger than 1, and the accumulated value of the top 10 links were noted 
(see Table 3.2). Derived from this analysis, Table 3.3 directly lists the ranking 
change of the cities. 

Table 3.2. Comparison at the national scale for the two types of data sets.

Rank Passenger flows Time schedule flows Passenger flows Time schedule flows

City

City 
strength

DITi
City

City 
strength

DITi
Link

Link 
strength

RSLij
(*1000)

Link

Link 
strength

RSLij
(*1000)

1 Shanghai 9.91 Shanghai 5.81
Guangzhou-
Shenzhen

57.56
Shanghai-
Nanjing

14.61

2 Beijing 9.24 Nanjing 5.1
Shanghai-
Hangzhou

29.82
Guangzhou-
Shenzhen

12.04

3 Guangzhou 5.84 Beijing 4.52
Shanghai-
Suzhou

28.52
Shanghai-
Suzhou

11.67

4 Nanjing 5.04 Suzhou 3.54
Shanghai-
Nanjing

23.84
Shanghai-
Wuxi

11.16

5 Wuhan 4.3 Wuxi 3.42
Chengdu-
Chongqing

22.37
Suzhou-
Nanjing

10.83

6 Shenzhen 3.79 Wuhan 3.38
Jilin-
Changchun

18.99
Wuxi-
Nanjing

10.54

7 Hangzhou 3.55 Changzhou 3.05
Shanghai-
Wuxi

16.61
Beijing-
Tianjin

10.09

8 Suzhou 3.3 Jinan 2.84
Xiamen-
Fuzhou

13.86
Shanghai-
Changzhou

9.57

9 Changsha 2.46 Guangzhou 2.69
Beijing-
Shijiazhuang

13.68
Nanjing-
Changzhou

9.40

10 Shenyang 2.45 Hangzhou 2.42
Beijing-
Taiyuan

13.61
Suzhou-
Wuxi

9.22

With regard to the city strength DITi, Shanghai, Beijing, and Guangzhou are the 
top three dominant cities using passenger flow data, whereas Nanjing replaces 
Beijing in second place using time schedule data. There are obvious ranking 
changes from the passenger flow data to the time schedule data in Table 3.2. 
For example, Guangzhou and Shenzhen rank third and sixth in the passenger 
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flow data but drop to ninth and 30th, respectively, in the time schedule data. 
Nanjing and Suzhou rank fourth and eighth in the passenger flow data but rise 
to second and fourth, respectively, in the time schedule data. This reflects the 
large differences in ranking the importance of cities in HSR networks when 
using the two different types of data. Compared with the national network of 
passenger flow data, with 28 dominant cities (DITi city strength larger than 1), 
that of the time schedule data has 35 dominant cities. Furthermore, there are 
smaller differences between the values of DITi in the dominant cities in the 
national HSR network of the time schedule data. With regard to link strength, 
the accumulated value of the top 10 links in the national network of the time 
schedule data (109.14) is much smaller than that of the passenger flow data 
(238.86), indicating that the national network derived from the time schedule 
data appears to be less hierarchical than the one derived from passenger flow 
data.  

Table 3.3. Rank of cities using passenger flow and time schedule data.

City

Passenger flows Time schedule flows

Change in rank
Rank DITl

city strength Rank DITl

city strength

Shanghai 1 9.91 1 5.81 0

Beijing 2 9.24 3 4.52 -1

Guangzhou 3 5.84 9 2.69 -6

Nanjing 4 5.04 2 5.10 2

Wuhan 5 4.30 6 2.42 -1

Shenzhen 6 3.79 30 1.17 -24

Hangzhou 7 3.55 10 2.42 -3

Suzhou 8 3.30 4 3.54 4

Changsha 9 2.46 12 2.29 -3

Shenyang 10 2.45 17 1.57 -7

Wuxi 11 2.42 5 3.42 6

Jinan 12 2.33 8 2.84 4

Zhengzhou 13 2.23 13 2.23 0

Fuzhou 14 1.98 18 1.54 -4

Xiamen 15 1.88 27 1.19 -12

Table 3.4 shows the structure values for passenger and time schedule data. 
With regard to the city structure ODIc, the city networks of both data sets show a 
less hierarchical configuration, whereas the city network level of the passenger 
flow data is more hierarchical than that of the time schedule data. Regarding 
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the link structure ODIl, the link networks of both data sets show a hierarchical 
configuration, whereas the link network level of passenger flows is more 
hierarchical than that of the time schedule data as well. 

Table 3.4. Structure values for the two types of data sets.

Structure values Passenger flows Time schedule flows 

ODIc 0.84 0.90

ODIl 0.42 0.49

In summary, large differences were found between the two types of HSR 
flow data at the national scale when determining the hierarchical positions 
of cities and links. The time schedule data represent a picture of less 
hierarchical urban networks in that there are fewer dominant cities and smaller 
accumulated values of top 10 link strength compared with the passenger flow 
data. That also means that even though the operational companies arrange 
an average number of HSR trains between cities to pursue dispersal effects 
of HSR networks on national urban networks, the HSR networks would still 
contribute to more concentration effects regarding actual travel demand. This 
is in accordance with the structure values of national urban networks, which 
confirm that the structure values of two types of data at the city network level 
present a polycentric network, whereas those of the time schedule data are 
less hierarchal than those of the passenger flow data. In light of this, in the next 
section we delve further into the relationships between the differences of the 
two types of data in characterizing urban networks and the attributes of city 
nodes and links. 

3.4. Results of the multiple regression

When using the difference in city strength as a dependent variable, three 
variables contribute significantly in predicting variations of the difference 
in city strength between the two types of data. These are GDP per capita, 
especially tertiary employment, and CC (Table 3.5), with tertiary employment 
as the most important determinant. The other variables chosen are less useful 
in accounting for differences in city strength for our set of cities.
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Table 3.4. Multiple regressions results

Variables
Difference in 
city strength Variables

Difference in 
link strength

Beta Coef. Beta Coef.

Tertiary employment -0.687*** Summed tertiary employment -0.284***

GDP per capita -0.267*** Summed GDP per capita -0.129***

Closeness centrality (CC) 0.154** Summed CC 0.214***

Betweenness centrality (BC) x Summed hub status -0.078**

Hub status x Summed administrative level x

Administrative level x

Observations 99 1240

Adjusted R-squared 0.652 0.131

* p<.1 ** p<0.05 *** p<0.01
1.A model using the enter method with the input of all variables was also tested to see the 
importance order of all variables, and the results were very similar to those of the stepwise method.    
2.X represents independent variables that were not statistically significant in the final model 
specifications. 

By comparison, the regression model that describes the difference in link 
strength yields the same socio-economic and typological variables as above 
(summed tertiary employment, summed GDP per capita, summed CC), but 
with one different institutional variable (summed hub status), and summed 
tertiary employment being the most important determinant. Although these 
four variables account for less than 14% of the variation in the difference in 
link strength, our major focus here is to only select the most relevant socio-
economic, typological and institutional attributes of city pairs for the next 
scatterplot analysis instead of fully explaining the differences in link strength. 
To make sure the results of our selected variables are consistent, we have also 
tried another variable selection method to improve the explanation power of 
the model, the least absolute shrinkage and selection operator (LASSO) model, 
to test all of predictors. The LASSO model is more efficient to remove DC with 
high correlations to CC from the final selected model, instead of by ourselves 
in the section of comparison methods. However, the final explanation power of 
the LASSO model (13.6%) in link strength is almost the same as the stepwise 
model and the importance order of final selected variables is the same as the 
stepwise model. It might be that the capacity (passenger loading and unloading 
volumes) and the number of carriages of trains that are not covered by the 
time schedule data, are more important in explaining variations in link strength 
differences between the two types of data. However, data on these variables 
are not accessible. 
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3.5. Results of the scatterplot analysis

We used scatterplots to observe and interpret the interaction between 
determinant attributes and the differences of the values of city and link 
strength to clarify the typical characteristics of cities and links to which the 
time schedule data could unacceptably underestimate or overestimate the 
passenger flow data. Based on the regression analyses (Table 3.5), we have 
chosen the determinant-independent variables, i.e. tertiary employment, GDP 
per capita and CC at the city level, and summed tertiary employment, CC, GDP 
per capita and hub status at the link level, respectively. 

3.5.1. City level

In the scatterplots of Figure 3.3, the Y-axis represents the dependent variable 
(difference between two types of data in city strength), and the X-axis represents 
the relevant independent variables. The critical range for the Y-axis (-1.06, 
0.77) is defined as the values between the mean value of the difference in city 
strength plus and minus one standard deviation, and the threshold values for 
the X-axis (tertiary employment of 1.41 million persons, GDP per capita of 
124.450 and CC of 0.6) are defined as the mean value of each factor plus one 
standard deviation. In the middle parts of the scatterplots are cities for which 
time schedule data are reasonably good representations of passenger data. 
Compared to the use of passenger flow data, for ‘deviant cities’ in the lower or 
upper parts of the scatterplots with values of difference in city strength outside 
this range, the use of time schedule data leads to an unacceptable under- or 
overestimation of actual city strength. In total, there are six and seven deviant 
cities in the lower and upper parts, respectively; the rest of the 86 normal 
cities are in the middle parts.4 Given that tertiary employment and GDP per 
capita exert negative impacts, and CC a positive impact on the difference in 
city strength, we visualized the deviant cities beyond the threshold values of 
tertiary employment and GDP per capita, and under the threshold value of CC 
in the lower green parts, and the deviant links under the threshold values of 
tertiary employment and GDP per capita, and beyond the threshold value of CC 
in the upper red parts of Figure 3.3.

By taking into consideration the most determinant socio-economic indicators 
(tertiary employment and GDP per capita), only four out of six deviant cities 

4 The exact values of the variables of the deviant and normal cities/links are available upon request from 
the authors.  
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are beyond both threshold values (i.e. Beijing (1), Shanghai (22), Guangzhou 
(51) and Shenzhen (52)) in the lower green parts of the relevant scatterplots. 
This reflects that the city strength of cities with the characteristic of high socio-
economic performance tends to be unacceptably underestimated by time 
schedule data. As the widely acknowledged top four ranked cities in the Chinese 
urban system, these first-tier class cities in China with much larger tertiary 
employment are able to generate higher travel demand than other cities with 
lower tertiary employment (Cheng et al., 2015). Besides, passengers living in 
cities with much larger GDP per capita are more likely to afford the monetary 
travel cost in consideration of the expensive prices of HSR tickets (Liu and 
Kesteloot, 2015). Consequently, it can be expected that the capacity of trains 
to and from these cities, which is not reflected in the time schedule, is much 
higher than for other cities, thus leading to a considerable underestimation of 
their city strength.

threshold values (i.e. Beijing (1), Shanghai
(22), Guangzhou (51) and Shenzhen (52)) in
the lower shaded parts of the relevant scat-
terplots. This reflects that the city strength
of cities with the characteristic of high socio-
economic performance tends to be unaccep-
tably underestimated by time schedule data.
As the widely acknowledged top four ranked
cities in the Chinese urban system, these
first-tier class cities in China with much
larger tertiary employment are able to gener-
ate higher travel demand than other cities
with lower tertiary employment (Cheng
et al., 2015). Besides, passengers living in cit-
ies with a much larger GDP per capita are
more likely to being able to afford the mone-
tary travel cost, considering the expensive
prices of HSR tickets (Liu and Kesteloot,
2015). Consequently, it can be expected that
the capacity of trains to and from these cit-
ies, which is not reflected in the time sched-
ule, is much higher than for other cities, thus

leading to a considerable underestimation of
their city strength.

By comparison, the cities under the
threshold values of tertiary employment and
GDP per capita include not only six out of a
total of seven deviant cities in the lower
parts, i.e. Dezhou (4), Xuzhou (12),
Zhenjiang (18), Changzhou (19), Yueyang
(45) and Shaoguan (50), but also 81 of a
total of 86 normal cities in the middle parts,
with time schedule data representing passen-
ger flow data. The high percentages of both
deviant cities (86%) and normal cities (94%)
with low socio-economic performance indi-
cate that a city with the characteristic of low
socio-economic performance will not neces-
sarily be a deviant city whose city strength
tends to be unacceptably overestimated by
time schedule data. The reason could be that
although cities with relatively low socio-
economic performance are less likely to gen-
erate large travel demand, there is still a high

Figure 3. Scatterplot analysis on the difference in city strength.

14 Urban Studies 00(0)

Figure 3.3. Scatterplot analysis on the difference in city strength

By comparison, the cities under the threshold values of tertiary employment 
and GDP per capita include not only six out of a total of seven deviant cities in 
the lower parts, i.e. Dezhou (4), Xuzhou (12), Zhenjiang (18), Changzhou (19), 
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Yueyang (45) and Shaoguan (50), but also 81 of a total of 86 normal cities in 
the middle parts with time schedule data representing passenger flow data. 
The high percentages of both deviant cities (86%) and normal cities (94%) with 
low socio-economic performance indicate that a city with the characteristic of 
low socio-economic performance will not necessarily be a deviant city whose 
city strength tends to be unacceptably overestimated by time schedule data. 
The reason could be that although cities with relatively low socio-economic 
performance are less likely to generate large travel demand, there is still a 
high chance that the supply of HSR services to/from those cities is also rather 
low because of their low socio-economic performance. Thus, it is necessary to 
take into account the attribute of CC to differentiate the typical characteristics 
of deviant cities from those of normal cities, although the contribution of CC is 
limited. By further taking into account the cities beyond the threshold value of 
CC, we find the cities in all three scatterplots (Figure 3.3) are the only deviant 
cities, Zhengzhou (18), Changzhou (19) and Yueyang (45) in the upper red parts 
of the scatterplots whose accessibility levels are much higher than other cities 
in the HSR network. This indicates that time schedule data tend to overestimate 
the importance of cities with relatively low values of tertiary employment 
and GDP per capita, only when their accessibility levels are much better in 
the transportation network. These cities with much better accessibility in HSR 
networks have a higher frequency of HSR trains compared to other cities (Jiao 
et al., 2017), which is not supported by their rather low levels of travel demand. 
In sum, on the one hand, when cities’ tertiary employment and GDP per capita 
are much higher than their threshold values, their city strength tends to be 
largely underestimated by time schedule data. On the other hand, when the 
accessibility of cities with relatively low socio-economic performance is much 
higher than the threshold value of the transportation network, their city strength 
tends to be severely overestimated by time schedule data. 

3.5.2. Link level

In the scatterplots of Figure 3.4, the critical range (-0.21, 0.21) for the Y-axis is 
defined as the values between the mean value of the difference in link strength 
plus and minus one standard deviation; the threshold values for the X-axis 
(summed tertiary employment of 282 million persons, summed GDP per capita 
of 232.892 RMB, summed CC of 1.2 and summed hub status of 1) are defined as 
the mean value of each factor plus one standard deviation. Deviant links within 
the range 0.21-0.83 in the upper parts represent links for which time schedule 
data considerably overestimate the link strength of the passenger flow data, 
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while deviant links within the range 4.55-0.21 in the lower parts reflect that 
time schedule data greatly underestimate the link strength by passenger 
flow data. In total, there are 15 and 41 deviant links in the upper and lower 
parts, respectively; the rest of the 1,184 normal links are in the middle parts. 
Considering that summed tertiary employment, GDP per capita, and hub status 
exert negative impacts and summed CC a positive impact on the difference in 
link strength, we visualized the deviant links beyond the threshold values of 
the summed tertiary employment, summed GDP per capita and summed hub 
status, and under the threshold value of summed CC in the lower green parts, 
and the ones under the threshold values of summed tertiary employment, 
summed GDP per capita and summed hub status, and beyond the threshold 
value of summed CC in the upper red parts of Figure 3.4. 

of links with high socio-economic perfor-
mance to be a deviant city (30%) in the
lower shaded parts than a normal city (2%)
in the middle parts, links with the character-
istic of high socio-economic performance
tend to be largely overestimated by time
schedule data. Obviously those deviant links
are links in China whose city ends serve as
socio-economic cores and major cities in
specific regions; for instance, Beijing and
Shanghai are socio-economic cores in the
Bohai Rim and YRD regions, and
Guangzhou and Shenzhen are the cores in
the PRD region, having strong functional
interactions with each other and other major
cities such as Shenyang, Hangzhou and
Nanjing. Therefore, to satisfy the above
average demand of passengers travelling
between those city nodes, with regards to
the maximum capacity of operating trains in
the railway systems, operation companies

provide relevant routes between city nodes
with longer trains that offer more seats,
which are not reflected in the time schedule
data. If we further consider the attributes
‘summed CC’ and ‘summed hub status’, the
links in all four scatterplots in Figure 4 con-
cern only deviant links, i.e. Guangzhou-
Shenzhen (32) and Wuhan-Guangzhou (26),
in the lower shaded parts. For these links,
besides the intense functional interactions
between the linked socio-economic cores,
these cores also serve as railway hubs in
China, meaning that next to original passen-
gers travelling for functional activities in
those cores, as hubs they can also generate
additional passengers in between for their
next transit trips by conventional railways
(Jin et al., 2010). However, due to a low level
of accessibility of the links in the HSR net-
work, operational companies only provide
the relevant routes with a fewer than average

Figure 4. Scatterplot analysis on the difference in link strength.
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Figure 3.4. Scatterplot analysis on the difference in link strength

By only taking into account the most determinant socio-economic indicators 
(summed tertiary employment and summed GDP per capita), the links beyond 
the threshold values include not only 11 out of a total 41 deviant links in 
the lower parts of the scatterplots (i.e. Guangzhou-Shenzhen (32), Wuhan-
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Guangzhou (26), Shanghai-Hangzhou (23), Shanghai-Wuhan (22), Suzhou-
Shanghai (21), Wuxi-Shanghai (20), Nanjing-Shanghai (18), Beijing-Shenyang 
(11), Beijing-Wuhan (10), Beijing-Shanghai (5), Beijing-Nanjing (4), Beijing-
Qingdao (2) and Beijing-Jinan (1)), but also 24 out of a total of 1,184 normal 
links in the middle parts. Regarding a much higher percentage of links with 
high socio-economic performance to be a deviant city (30%) in the lower green 
parts than a normal city (2%) in the middle parts, links with the characteristic 
of high socio-economic performance tend to be largely overestimated by time 
schedule data. Obviously those deviant links are links in China whose city ends 
serve as socio-economic cores and major cities in specific regions; for instance, 
Beijing and Shanghai are socio-economic cores in the Bohai Rim and YRD 
regions, and Guangzhou and Shenzhen are the cores in the PRD region, having 
strong functional interactions with each other and other major cities such as 
Shenyang, Hangzhou and Nanjing. Therefore, to satisfy the above average 
demand of passengers traveling between those city nodes, with regards to 
the maximum capacity of operating trains in the railway systems, operation 
companies provide relevant routes between city nodes with longer trains that 
offer more seats, which are not reflected in the time schedule data. If we further 
consider the attributes ‘summed CC’ and ‘summed hub status’, the links in 
all four scatterplots in Figure 3.4 concern only deviant links, i.e. Guangzhou-
Shenzhen (32) and Wuhan-Guangzhou (26) in the lower green parts. For these 
links, besides the intense functional interactions between the linked socio-
economic cores, these cores also serve as railway hubs in China, meaning that 
next to original passengers travelling for functional activities in those cores, 
as hubs they can also generate additonal passengers in between for their next 
transit trips by conventional railways (Jin et al., 2010). However, due to a low 
level of accessbility of the links in the HSR network, operational companies 
only provide the relevant routes with a fewer than average supply of HSR 
trains with more carriages and seats to satisfy the additional travel demand for 
transit trips, which will lead further to an unacceptable underestimation of the 
the link strength by time schedule data. 

By comparison, the links under the threshold values of summed tertiary 
employment and summed GDP per capita are not only 10 out of a total of 
15 deviant links in the upper parts of the scatterplots, i.e. Putian-Quanzhou 
(56), Changsha-Shaoguan (55), Wuhan-Shaoguan (54), Wuhan-Chenzhou 
(53), Shijiazhuang-Zhengzhou (52), Zhenjiang-Changzhou (47), Jinan-Nanjing 
(45), Jinan-Xuzhou (44) and Cangzhou-Jinan (43), but also 975 out of a total 
of 1,184 normal links in the middle parts. Regarding the high percentages of 
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both deviant cities (67%) and normal cities (82%) with low socio-economic 
performance, this also indicates that the city link with the characteristic of low 
socio-economic performance will definitely not be a deviant link to which time 
schedule data largely overestimate passenger data. Therefore, it is necessary 
to take into account other determinant attributes to characterise the deviant 
links. By further considering summed hub status and summed CC, there is 
only one deviant link in the upper red parts of all four scatterplots of Figure 3.4, 
Zhenjiang-Changzhou (47) with quite a high level of accessibility and linked 
city ends being non-railway-hubs. As opposed to Wuhan-Guangzhou (26) and 
Guangzhou-Shenzhen (32) in the lower green parts of all four scatterplots, as 
two non-railway-hubs, Zhengjiang and Changzhou with low socio-economic 
performance would be less likely to generate passengers travelling in between 
for functional activities and following transit trips. Meanwhile, both linked city 
ends with a high level of accessibility in the HSR network are able to receive a 
larger than average supply of HSR services in between. As a consequence, the 
situation of a high frequency of HSR trains with low capacity running through 
the relevant routes will give rise to an excessive overestimation of the link 
strength by time schedule data.

In sum, the link strength of city links with city ends of high socio-economic 
performance in respective regions has a high chance of being underestimated 
by time schedule data. Furthermore, for links with city ends serving as railway 
hubs and having relatively low accessibility in the transportation network, the 
link strength between these city ends is even more underestimated by time 
schedule data. In contrast, the link strength between cities with relatiely low 
socio-economic performance, which serve as non-railway hubs, and which are 
highly accessible in the transportation network, is severely overestimated by 
time schedule data.  
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3.6. Conclusion and discussion 

Large differences exist between passenger and time schedule data for 
measuring the configuration of urban networks connected by HSR networks 
due to the intrinsic nature of the two types of data representing market demand 
and supply. To the best of our knowledge, this paper is the first study to apply 
the same original indices of a model proposed by Limtanakool et al. (2007a) 
(the strength of cities and links and the structure of city and link networks) to 
compare two types of HSR flow data in the characterization of urban networks 
regarding spatial concentration and dispersal effects of HSR networks. Then, 
according to the most determinant attributes of urban systems for explaining 
the differences between the two types of flow data, we identified the typical 
characteristics of urban systems in which time schedule data is not a good 
proxy for passenger flow data by means of scatterplot analysis.

This research indicates small differences for the empirical analysis on the 
structure of city and link networks in China but significant differences between 
passenger data and time schedule data on ranking the city nodes and links. 
Both the structures of the city networks and link networks show the same 
configurations (less hierarchal at the city network level and hierarchal at the 
link network level); however, those of passenger flows are all more hierarchical 
than those of time schedule flows. This further reflects that even though the 
Chinese government aims to balance the development of regions by supplying 
high frequency of HSR trains between cities (Jiao et al., 2017), the relevant 
configuration of urban networks still tends to present a more hierarchal 
structure regarding actual HSR travel demand. In other words, HSR networks 
would in fact contribute more concentration effects reflected from the demand 
side than dispersal effects expected from the supply side on national urban 
networks. The most determinant indicators for explaining the differences in 
city and link strength are socio-economic factors (tertiary employment and 
GDP per capita), followed by the cities’ topological properties in HSR networks 
(closeness centrality) and institutional factors (hub status). The strength 
values of city nodes and links with low socio-economic performance are not 
necessarily related to an unacceptable overestimation by time schedule data. 
The reason could be related to their low socio-economic performance with 
a low travel demand; operational companies correspondingly provide them 
with a small supply of HSR services. However, if these city nodes and links 
are highly accessible in HSR networks, their strength values tend to be largely 
overestimated by time schedule data, especially when linked city nodes 
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are not hubs in the conventional railway network. The reason could be that 
Chinese HSR networks, which were inaugurated in 2003 and are expected to 
be completed in 2020, aim to improve the accessibility of Chinese cities in 
the railway network, especially cities with low socio-economic performance, 
to realize the integration of different regions, even those with rather low 
passenger flows between these cities in the first few years. As a result, based 
on time schedule data, the importance of these city nodes is overestimated in 
the HSR and national urban networks, and the concentration effects of HSR 
networks on those cities would not be what is expected by the government 
(Wu et al., 2014). On the other hand, cities with a city strength unacceptably 
underestimated by time schedule data are major first-tier cities in China with 
high tertiary employment and GDP per capita. City links with a link strength 
unacceptably underestimated by time schedule data normally connect socio-
economic core cities and other major cities within their respective regions at 
different spatial scales. This might be a result of a larger than average capacity 
in trains running to and from these major tier cities compared with lower-tier 
cities, to satisfy the demands of passenger travel. That also means that HSR 
networks would actually exert concentration effects on those cities rather than 
dispersal effects expected by the government for the aim of integration of those 
cities with other lower-tier cities.  In addition, if these major tier cities are not 
highly accessible in the HSR network but still serve as railway hubs, it will further 
lead to an excessive underestimation of the link strength between those city 
nodes, as a result of an even lower supply of HSR services, with more carriages 
and seats to satisfy a larger travel demand, including original passengers for 
functional activities in/between these cities and additional passengers for 
their next transit trips. Unfortunately, these data were not available to us.
In light of the case study of HSR networks in China, a comparative analysis was 
developed on Chinese urban networks between passenger and time schedule 
data. With regard to the high accessibility of time schedule data, we cannot 
deny the usefulness of the application of time schedule data in characterizing 
urban networks. However, urban geographers and transportation planners 
should bear in mind that the large differences found in the city and link 
strengths based on the two types of HSR flow data are strongly related to the 
socio-economic status of city nodes connected by HSR, especially for major 
city nodes with large passenger demand. When analysing the spatial structure 
of HSR and urban networks by means of the flow approach, it is necessary 
for experts to consider not only the frequency of transportation modes but 
also, more importantly, the capacity of each carriage in the absence of actual 
passenger flow data. This is especially true for cities and regions with tertiary 
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employment, and GDP per capita such as Beijing and Shanghai, and the links 
between them may be largely underestimated by the time schedule data. 
Furthermore, the findings on the differences in the empirical results of the 
two types of HSR flow data generate interesting future research questions 
concerning whether the findings are applicable to other urban networks (e.g. 
France and Germany) that have built up complete HSR networks, or to other 
high-speed transportation mode networks (e.g., airlines) or even to other 
dimensions of networks such as symmetry.
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Abstract 

Although Chinese high-speed railway (HSR) entered the transportation market 
at a late stage in 2003, its networks have become the world’s largest, and 
are currently even growing faster than airline networks. Using 2013 origin/
destination (O/D) passenger flow data instead of commonly used scheduled 
data, we compare the spatial configurations of Chinese urban systems in both 
high-speed railway and airline networks, especially on a national scale in 
China. The outcome shows that HSR-dominant cities and links are centralized 
mainly in the middle and eastern parts of China, offering regional connections, 
whereas air-dominant cities and links are evenly distributed across the whole 
of China and offer interregional connections. This is mainly because HSR 
networks compared to airline networks are more focused on connections 
to cities with high socio-economic performance, and are more restricted by 
the geographical distance between linked cities. Furthermore, HSR networks 
promote agglomeration economies of urban systems along the trunk lines in 
specific regions, whereas airline networks contribute to more balanced urban 
development in China. Overall, the configuration of national urban systems in 
HSR networks differs largely from that in air networks, especially in terms of 
passenger flows.

Keywords: High-speed railways (HSR), airlines, passenger flows, China, urban 
systems
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4.1. Introduction

Urban systems are made up of city nodes and various kinds of (social, 
economic, and political) interactions that materialize to some extent through 
transportation and information flows (Meijers, 2005; Devriendt et al., 2010). Even 
though information and communication technologies (ICTs) overwhelmingly 
facilitate instant communication, face-to-face interactions are still important in 
the contemporary world (Bertolini and Dijst, 2003). High-speed physical means 
of transportation, such as airlines and high-speed railways (HSR), which can 
dramatically decrease the geographic and temporal constraints of commuting 
for business transactions, tourism, post-migratory travel to keep social links 
with friends and relatives, academic collaborations and political activities, are 
still crucial for facilitating the formation of functional urban systems (Hall and 
Pain, 2006). 

Given the important role of high-speed transportation networks in linking urban 
areas, the development of airlines and HSR has been supported with substantial 
capital and infrastructure investments in China to stimulate the integration of 
the national urban network (Ng and Wang, 2012) and its future integration with 
Euro-Asian urban systems by the Belt and Road Initiative (Chen and Zhang, 
2015). China’s global ranking for its airline transportation networks, based on 
scheduled seats, was merely 37th in 1978, but rose to second after 2005. The 
number of civil certificated schedule airports in mainland China increased from 
94 in 1990 to 216 in 2016, and is expected to reach 260 in 2020 according to the 
13th five-year plan of China’s contemporary transportation system (Fu et al., 
2012; NDRC, 2016). Although China’s HSR networks entered the transportation 
market at a late stage in 2003, they have become the largest in the world and 
are growing faster than airline networks, even though HSR length per capita is 
less spectacular (Delaplace and Dobruszkes, 2016). By the end of 2015, Chinese 
HSR networks had reached a total of 19,000 km, accounting for over 60% of 
the global figure. These networks serve more than 70% of the population and 
account for 80% of GDP (Wang et al., 2015; NDRC, 2016). 

Up to now, a great deal of the existing literature has focused on functional 
relationships within urban systems by using scheduled seat airline flow data 
across the world (Smith and Timberlake 2001; Derudder and Witlox 2005; 
Derudder and Witlox 2009; Van Nuffel et al., 2010). However, HSR travel has 
received less attention, and the few available studies on functional relationships 
within urban systems in Europe (Hall and Pain, 2006) and China (Zhang et al., 
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2016) at the regional or sub-regional levels are based on time schedule HSR 
data. Like airline travel, HSR has been studied separately instead of jointly with 
other long-distance transportation modes. The only exception is Xiao et al.’s 
(2013) study, in which passenger data of conventional railways and airlines are 
used to estimate a reversed gravity model to identify the attractiveness of a 
limited number of cities in China. To the best of our knowledge, no study has 
compared urban systems in both high-speed transportation networks (i.e. HSR 
and airlines) on the same national scale using the same type of passenger flow 
data. Our research tries to fill this gap. Thus, the key research question in this 
paper is: To what extent does the configuration of urban systems differ in HSR 
and airline transportation networks, especially based on HSR and air passenger 
flows on a national scale? This is of particular interest for two reasons. First, as 
we will argue in the next section, the functional relationships of urban systems 
on a larger spatial scale would be better reflected by passenger flows travelling 
(i.e. the demand side) than by the provision of rail or air services (i.e. the supply 
side) (Yang et al., 2017). Second, both HSR and airline networks in China mainly 
carry people from the middle and upper-middle classes, that is, social groups 
with stronger travel demands for functional activities such as high-end business, 
advanced producer services and tourism (Delaplace and Dobruszkes, 2016; Liu 
and Kesteloot, 2015). The relevant functional relationships of partial urban 
systems might differ in both high-speed transportation networks with their 
different network properties. Consequently, comparisons of the configurations 
of urban systems in both transportation networks could provide an insight into 
future high-speed transportation and urban system planning. 

This paper is structured as follows. Section 2 presents the literature review. 
Section 3 explains our analytical framework, after which we introduce both 
HSR and airline O/D flow data. In Section 4, we discuss the results of our 
analyses, which consist of a general overview of HSR and airline passenger 
flows on a national scale. This section is followed by a comparison between 
them. The final section concludes the paper and offers an overview on some 
future research issues.

4.2. Literature review 

To understand the functional relationships between cities, studies on transport 
networks have occupied a prominent role in the space of flows on different 
spatial scales. The traditional internal “space of places” has given way to the 
external “space of flows” proposed by Castells (1996), which emphasizes 
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functional relationships between cities. According to the “space of flows” 
theory, there are three layers determining the flows of information, people and 
capital. The first layer is the infrastructure layer of material support for the flows. 
The second layer contains different nodes and hubs, which are connected and 
organized by the infrastructure layer. The third layer is that people exercise the 
directional functions (Derudder & Taylor, 2005). 

As to the three layers, two types of popular empirical approaches have 
emerged to assess the external flows among cities. The first approach is based 
on the derived flows of advanced tele-information contacts (Devriendt et al., 
2010), advanced producer services (APS) (Zhao et al., 2015), and business 
elite contacts (Beaverstock, 2004) within the three layers. However, strong 
criticisms exist on the ‘derived flow approach’. The main argument is that it 
cannot reflect the extent to which the internal characteristics of nodes can be 
translated into external interaction (Robinson, 2005), which means the derived 
linkages of people, information and service from node attributes cannot reflect 
the direction in which flows are actually produced by people or the extent of 
these flows (Neal, 2010). Therefore, a better alternative approach is based on 
actual corporeal flows in the first transport infrastructure layer by means of 
either schedule data (the supply side) or actual passenger data (the demand 
side). Airline scheduled seats have been used to investigate the structure 
of world cities on a global scale (e.g. Smith & Timberlake, 2001; Choi et al., 
2006; Derudder & Witlox, 2005) and inter-regional airline transport linkages in 
Europe (Derudder and Witlox, 2009; Van Nuffel et al., 2010), the USA (Derudder 
et al., 2013), and China (Lao et al., 2016; Ma and Timberlake, 2008). In contrast, 
only a few scholars have considered HSR travel to investigate interactions 
between cities. For instance, Zhang et al. (2016) used HSR time schedule data 
to approximate actual passenger flows to uncover the relationships among 
cities in the Yangzi River Delta (YRD) region in China, and Hall & Pain (2006) 
used scheduled train flows to identify polycentric urban regions in Europe.

However, both airline and HSR data raise several issues. First, it is common to 
consider supply-related data (typically the number of seats offered between two 
cities, or sometimes train frequencies or seat-kms). The rationale for supply-
side data relies on the fact that it says something about carriers’ strategies that 
are expected to draw networks according to existing and potential interactions 
between places served. However, the supply is by definition larger or equal to 
the demand, so at best it can be considered as a proxy for the actual flows of 
people (Neal, 2014). Second, supply or demand data are usually given at the 
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individual legs of trips rather than for the trip as a whole. For instance, if air or 
rail passengers travel from A to B where they connect to C, usual figures would 
count the number of (airline or HSR) seats or passengers between A and B and 
between B and C but not between A and C via B. As a result, transfers distort 
the picture of actual intercity relationships (Derudder et al., 2010; Derudder and 
Witlox, 2008, 2005). As far as air travel is concerned, some researchers have 
addressed this issue by using the so-called MIDT dataset, which is based on 
actual origins/destinations air travellers flew from/to (Derudder et al., 2007). 
However, information is based on bookings made through global distribution 
systems (GDS). This means those travellers who book directly on airlines’ 
websites are not included, which could arguably lead to biases, for instance, 
an underestimation of people flying by low-cost airlines5.

Finally, HSR timetables are difficult to convert into the number of seats for 
two reasons. First, many HSR routes are served by heterogeneous rolling 
stock (e.g., shorter vs. longer trains or single- vs. double-deck trains). This 
means that if a train operator pursues a high-frequency strategy (that is, 
operating frequent services but with likely less capacity per train), the alleged 
interactions between cities derived from HSR frequency would be biased. 
Second, provided the number of HSR seats is nevertheless available (e.g. from 
the train operator or thanks to homogeneous rolling stock), one still needs to 
consider that most high-speed trains call at several intermediate stations. This 
involves uncertainties about how seats are split between the various city-pairs 
thus served. For instance, if a Beijing (A) to Shanghai (D) HSR service calls at 
Jinan (B) and Nanjing (C), then seats are potentially sold for A-B, A-C, A-D, B-C, 
B-D and C-D city-pairs. Either the train operator pre-allocates seats to all pairs 
or the actual bookings make the split change in real time. But in both cases, 
this information is usually not available to researchers. It is thus not surprising 
that Yang et al. (2017) found that scheduled train flows can underestimate 
the positions of major cities in the urban system, especially in China with its 
large capacity on trains running between these major tier cities. Because of all 
these limitations, there is a strong rationale for investigating urban systems 
(1) through demand-related data, which (2) are based on true origins and 
destinations (Neal, 2014). Of course, such data are not fully available to scholars. 
Commercial privacy and confidentiality dominate academic purposes, even in 
China’s strictly controlled railway sector (Liu et al., 2015).

In sum, current research on airline and HSR network research is based largely 

5  In Europe, for instance, European low-cost airlines have long kept out of GDS to avoid extra costs.
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on time schedule data instead of the actual number of passengers carried by 
transportation networks between cities, which can lead to a misunderstanding 
of functional urban systems. Furthermore, world city research using airline 
data, and regional urban system research using HSR data include a limited 
number of cities at the global and regional levels. There is no comparison 
between the roles of high-speed railway and airlines on the configuration of 
urban systems with a large number of cities on the same spatial level. Our 
research tries to fill these gaps by the applications of both HSR and airline O/D 
passenger flows to compare the configurations of urban systems in the two 
national high-speed transportation networks in China. 

4.3. Methodology

4.3.1. Data description

In this study, cities are the nodes in the transportation networks (Figure 4.1). 
The relationship between nodes is operationalized as the actual number of 
HSR and airline passengers travelling between cities. In China, there are four 
administrative levels of cities: municipalities, sub-provincial and provincial 
capital cities, prefecture-level cities and county-level cities (Ma, 2005). Country-
level cities are merged with the prefecture-level cities since most cities do not have 
airports and HSR stations and are administered by the relevant prefecture-level 
cities. If there are cities with multiple HSR stations and airports, those terminals 
have been merged into one node. For example, if node i is Beijing and node j is 
Shanghai, ija  represents the HSR or airline passenger flows between the two 
urban areas. The HSR passenger matrix was collected by the Transportation 
Bureau of the China Railway Corporation, including the total actual numbers 
of aggregated HSR O/D passengers travelling between pairs of cities6. The data 
cover the 105 existing HSR cities (four municipality-level, 21 sub-provincial/
provincial capital-level and 80 prefecture-level cities) and 1,675 city links 
(passenger volume larger than 0) in China in 2013 (over 436 million passengers). 
The airline passenger matrix was collected by the Civil Aviation Administration 
of China and includes the total number of O/D air passengers travelling between 
pairs of cities. The data cover the 168 existing airport cities (four municipality-
level, 32 sub-provincial/provincial capital-level and 132 prefecture-level cities), 
and 1,467 links (passenger volume larger than 0) in China in 2013 (over 306 
million passengers). Finally, we obtained 51 cities with both HSR and airport 

6 According to China’s classification of HSR services, these are D and G trains.
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terminals and 144 city pairs with both HSR and airline connections in 2013.7

 

	
Figure 4.1. HSR and airport planning in China (Adapted from NDRC, 2016)

Airline and HSR services do not account for all medium- and long-distance 
travel within China. Indeed, there is evidence that the poor and even part 
of the middle class have much less access to airlines and HSRs due to the 
relatively high cost of travel compared to conventional railways (Delaplace and 
Dobruszkes, 2015; Wang et al., 2013). For instance, migrants living in cities 
favour using conventional (lower-speed) trains to visit other cities because they 
are much cheaper (Liu and Kesteloot, 2015). Furthermore, various cities are not 
served by HSR or air services, so our research does not capture the full set of 
functional interactions between cities. Instead, it focuses on urban systems as 
reflected by both HSR and air passenger flows, which favour mobilities of the 
upper social-occupational groups (business activities, government officials, 
premium tourism or VFR [visiting friends and relatives] travel).

 

7  Because national HSR passenger flow data are rarely accessible for researchers in China, we could only 
compare HSR and airline passenger flow data in 2013 instead of the up-to-date data in 2016. 
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4.3.2. Analytical framework

Measures of city centrality and link connectivity 
To identify the structural characteristics of the urban system as manifested by 
airline and HSR passenger flows, we need to understand the urban hierarchical 
structure based on city centrality and connectivity rankings in the transportation 
network. We measure the configuration of urban systems by adapting the 
framework presented in Limtanakool et al. (2007) and Van Nuffel et al. (2010), 
in which two strength indices (namely, city strength and link strength) are used 
to measure city centrality and link connectivity.
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Where we define DITi  as city centrality, indicating the relative strength of city 
i in the national transportation network. Ti is the total number of passenger 
volumes associated with city i, and i≠j. Cities with DITi values above 1 are 
considered dominant because they are more important than the average of the 
other cities in the network
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	 Where we define RSLij as the connectivity of a city pair, indicating the relative 
strength of a link connected by the national transportation network. tij is the 
total number of passengers travelling between cities i and j, and i≠j. RSLij is the 
value for all links in the network sum to unity, while individual values range 
from 0 to 1. A value of 1 represents the highest strength of a link. Since some 
RSL values will be rather small, to clearly understand their strength values, the 
RSL value is multiplied by 1000 (Derudder and Witlox, 2009). 

To compare the different positions of cities and city pairs in the two transportation 
networks, according to Wang and Jing (2017), we categorized three city strength 
classes of dominant cities and four link strength classes of dominant city links 
to see the relevant class changes between two transportation networks (Table 
4.1). We further performed a multiple linear regression to investigate the 
differential impacts of attributes of urban systems on the city and link strength 
in both transportation networks. Following the existing literature, in Table 
4.1 we also considered a mix of geographic, social, economic and political 
attributes related to cities as potential covariates.
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Table 4.1.  City and link strength classes and the relevant independent variables for regression 

analysis

Dominant class First Second Third Fourth

City strength 
value (DIT)

>10 5-10 1-5

Link strength 
value (RSL*1000)

>20 10-20 5-10 1-5

Variables  Information Source Mean_HSR
(SD_HSR)

Mean_Airline
(SD_Airline)

City strength 

GDP per (million 
yuan)

Gross domestic product per 
capita for a city

Chinese urban 
statistical 
yearbooks 
2014

3712.4
(3989.6)

2549.6
(3431.5)

Population 
(inhabitants) 

Population of a city 
578.5
(428.7)

452.2
(402.9)

Average distance 
(km)

The average distance from one 
city to other cities connected by 
HSR or airline networks 

Calculated by 
authors from 
GIS 

551.4
(175.2)

914.2
(320.8)

Administrative 
level 

Hierarchical administrative level 
(scored)
3= Municipal level city 
2= Sub-provincial/ regional 
capital level city
1 = Prefecture city 

(Ma, 2005)
2.7
(0.5)

2.8
(0.5)

Link strength 

Summed GDP 
per (million yuan)

Summed gross domestic 
product per capita for each city 
pair of origin and destination

Calculated by 
authors 

9361.4
(6604.1)

12145.1
(6923.8)

Summed 
population 
(inhabitants)

Summed population for 
each city pair of origin and 
destination

1264.0
(607.5)

1489.3
(854.0)

Distance (km)8 The geographical distance 
between a city pair

605.3
(363.3)

1086.2
(583.1)

Summed 
administrative 
level 

Summed administrative level 
for each city pair of origin and 
destination

5.3
(0.8)

4.5
(0.7)

Hierarchical cluster analysis (HCA)
It should be noted that each transportation network could be composed of 
multiple clusters and multiple subgroups as community networks, which refer 
to city nodes gathered into several groups in which there is a higher density of 
city-pair connections within groups than among groups. HCA is a community 
detection algorithm based on the modularity Newman and Girvan (2004) 
proposed. The basic concept of the HCA algorithm is to evaluate the result of 
network partitioning, which computes the difference between the number of 
links within communities and the expected number. 

8 Direct geographical distance instead of summed average distance is a better indicator for the link 
attribute. 
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(3)  	2
1 ( )

2
n m m
m

l d
Q

L L=
⎡ ⎤= −⎢ ⎥⎣ ⎦

∑

We define Q as the modularity value; the higher the value of Q, the better 
the community structure is. n denotes the total number of communities in the 
network, L is the total number of passengers in the transportation networks,

 ml  
is the total number of passengers in the community m,

 md  is the total number 
of cities in community m. 

4.4. Results

4.4.1. The comparison of city strength between HSR and airline  
 networks

City strength 

 

 

 
	

Figure 4.2 The city strength of HSR (left) and airline (right) networks.9

As shown in Figure 4.2, 29 out of 105 HSR cities and 37 out of 168 airline cities 
are dominant (that is, DIT >= 1), and 76 and 130 non-dominant, respectively 
(DIT <1). Regarding the dominant cities, Beijing, Shanghai and Guangzhou in 
the east are the top three cities in China but belong to different city classes in 
both networks. Although the three cities as national cores show similar socio-
economic performances in China, Beijing and Guangzhou are only in the first 
class of airline networks, but Shanghai is in the first class of both airline and HSR 

9  The division between the west, middle and east is based on NBSC (2011).
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networks. There are two reasons for this. First, in the HSR network Beijing and 
Guangzhou ’s average distances to other cities (828 km and 1034 km) are larger 
than Shanghai’s (723 km) making air travel more attractive than HSR travel due 
to a shorter travel time. Second, the HSR network in the densely populated YRD 
is much more developed (e.g. higher density and train frequency) than in the 
Bohai Rim and Pearl River Delta (PRD), leading to more functional interactions 
of cities with Shanghai in the YRD than that with Beijing in the Bohai Rim and 
Guangzhou in the PRD by HSR trains.  It is not surprising to find that Nanjing 
is in the third class of air networks but in the second class of HSR networks 
because, in contrast to Shanghai as a national socio-economic core with 
intensive interregional connections by airlines, Nanjing as a regional socio-
economic core is also located in the YRD region with developed HSR networks. 
Therefore, it has more regional interactions with adjacent cities by HSR travel 
than remote cities by airline travel. With the exception of Shenzhen as a sub-
provincial city in the east, Chongqing as a municipality city, and Chengdu, 
Kunming and Xi’an as provincial capitals in the west, are in the second class of 
air networks. This reflects that major regional socio-economic cities in the west 
depend on air travel more than those in the east. In the third class of dominant 
cities, there are 25 HSR cities, most of which are mainly regional capitals and 
economic centers in the middle and east (e.g. Wuhan in Hubei province and 
Hangzhou in Zhejiang province) of the country. Only Chengdu and Chongqing 
are located in the west of China, offering only connections between each other 
and not with the rest of the country. In the third class of dominant cities we 
also find 30 airline cities, most of which are provincial capitals and economic 
centers in the middle and east, but in comparison with HSR cities they include 
more provincial capital cities in the west, such as Urumchi, Guiyang, Nanning, 
Lanzhou and Yinchuan and typical tourism cities, such as Sanya and Guilin. 

To identify the different positions of a city in HSR and airline networks, we further 
identified the HSR and airline advantage cities by comparing the differences of 
city strength values (DIT) between HSR and airline networks among the 51 
HSR-Airline cities (Figure 4.3). Pearson’s r (city strength correlation coefficient) 
and Spearman’ rho (city rank correlation coefficient) test are used to identify 
whether there is a direct correlation for 51 HSR-Airline cities between HSR 
and airline networks. The associations between the two networks for HSR-
Airline cities by the values of city strength and related rankings are statistically 
significant: Pearson’s correlation coefficient is 0.871 (p < 0.01) and Spearman’s 
rho is 0.788 (p < 0.01). This means a city that is dominant and highly ranked in 
one network should be the same in another network; thus, it is necessary not 
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only to take into account the large absolute values (DIT_HSR minus DIT_Airline 
>1 or DIT_Airline minus DIT_HSR>1) but, more importantly, the class changes 
to identify those outlier cities between two transportation networks.

Figure 4.3. Comparison between HSR and airline advantage cities10

With a difference value larger than 1, there are three HSR advantage cities 
(Nanjing, Wuxi and Changzhou) and 16 airline advantage cities (Beijing, 

10  If one city’s DIT value of HSR networks is larger than that of airline networks, it is considered an HSR 
advantage city or otherwise an airline advantage city.
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Chengdu, Shanghai, Guangzhou, Xi’an, Chongqing, Shenzhen, Sanya, Haikou, 
Xiamen, Qingdao, Harbin, Dalian, Tianjin, Changsha and Hangzhou) in China. 
As to HSR advantage cities, Nanjing was upgraded from the third class of airline 
networks to the second class of HSR networks; Wuxi and Changzhou were 
upgraded from the fourth class to the third class. The three HSR advantage 
cities with more than 60 HSR connections to other cities are all major cities with 
a high GDP and populations interacting strongly with each other within Jiangsu 
province through the Nanjing-Shanghai HSR route and with other cities out of 
Jiangsu province through the Shanghai-Hangzhou HSR route. Their dominant 
HSR positions reflect their important role of serving as regional HSR hubs for 
short and medium distance travel, and the intense interactions between them 
and adjacent cities, which are facilitated by more completed HSR networks in 
the YRD than in any other regions. 

In terms of airline advantage cities, except for Sanya and Haikou, which are 
tourism cities in Hainan province11, these are major cities with high socio-
economic performance and administrative levels mainly in the east and a few 
in the west. Among them, although large differences exist between the city 
strength values in the two transportation networks, Shanghai, Xiamen, Dalian, 
Changsha and Hangzhou did not have a change in class of city strength between 
HSR and airline networks. These airline advantage cities are typical multimodal 
transportation hubs that still offer strong HSR connections. For instance, despite 
some operational and administrative obstacles to the integration of airline-HSR 
in Shanghai’s Hongqiao Terminal (the best integrated transport hub in China), 
a large number of airline passengers transfer in Shanghai by HSR to adjacent 
cities in the YRD region (Givoni and Chen, 2017). This is also confirmed by the 
aforemention three HSR advantage cities with less than one hour HSR travel 
time from Shanghai. Different from those airline advantage cities without 
a change in city strength class between HSR and airline networks, Beijing’s 
centrality was changed from second class in HSR networks to first class in 
airline networks; the centrality of Guangzhou and Shenzhen as the other two 
southern economic cores in Guangdong province were changed from  second 
and third class in HSR networks up to  first and second class in airline networks, 
respectively. As mentioned before, due to Beijing’s geographical location in the 
north with a larger average distance to other cities in the south and relatively 
less investment in HSR constructions in the Bohai Rim up to 2013, airline 
travel is more competitive than HSR travel for Beijing’s interactions with other 

11 Hainan province is an island separated from Mainland China by the Qiongzhou Strait, which is 30km 
wide, on average.
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distant cities regarding the average longer travel time, which is also the case 
for Guangzhou and Shenzhen in the south. The centralities of Chengdu and 
Chongqing in the south-west were changed from the third dominant class of 
HSR cities to the second dominant class of airline cities. Different from the 
cases of Beijing, Guangzhou and Shenzhen, the weaker roles of Chengdu and 
Chongqing, with fewer than three HSR connections to other cities, are mainly 
the result of the uncompleted HSR constructions between the middle and the 
west. Thus, their functional interactions with cities in the middle and even 
further to the east could be facilitated only by air networks. Interestingly, Haikou 
and Sanya in Hainan province, and Harbin and Tianjin in the north increased 
from the non-dominant class of HSR networks to the third dominant class of 
airline networks, and Xi’an from the non-dominant class of HSR networks to 
the second class of airline networks. 

Typically, Sanya and Haikou as two tourism cities in Hainan province are 
served only by the Sanya-Haikou HSR route without other direct ground 
transportation connections to mainland China. Therefore, they have to rely on 
airline transportation to carry passengers to/from Hainan province, especially 
for leisure travel. It is surprising that Tianjin as a municipality-level city, and 
Haerbin and Xi’an as sub-provincial and regional capital cities with large GDP 
and populations, are only dominant in airline rather than HSR networks. It 
could be that their regional integrations with adjacent cities are not as good 
as their inter-regional integrations with distant cities, which is reflected by 
both types of passenger flows from the demand side. For instance, Tianjin’s 
economic structures are less cooperative with other adjacent cities in the Bohai 
Rim (Yang, et al 2017). Therefore, it has to rely on airline travel instead of HSR 
travel for economic cooperation with other distant cities out of the Bohai Rim. 
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Link strength

Figure 4.4. The geographical distribution of HSR and airline links

Figure 4.4 shows the four classes of links in the HSR and airline networks. 
Regarding the first class, only the link Beijing-Shanghai connecting the Bohai 
Rim and the YRD region is in airline networks, while the links Guangzhou-
Shenzhen in Guangdong province, Hangzhou-Shanghai, Suzhou-Shanghai and 
Nanjing-Shanghai in the YRD region, and Chengdu-Chongqing in the south-
west are in HSR networks. City ends in the first class are all national or regional 
socio-econoimic cores with quite high GDPs and populations. However, airline 
networks have facilitated the inter-regional interaction between national 
economic cores such as Beijing and Shanghai with a long geographical distance 
(1,092 km). In contrast, HSR networks facilitate regional interactions between 
economic cores with an average short distance (178 km) – a consequence of 
the dense urban network in Eastern China. This typically reflects the primarily 
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dominant position of each type of network for the inter-city connection at the 
national or regional level, respectively. In terms of the second class, besides 
a few interregional links such as Beijing-Shanghai, Guangzhou-Changsha and 
Beijing-Shenyang, whose city ends are economic cores in different regions, 
there are more regional connections in HSR networks such as the links 
connecting Beijing to Shijiazhuang, Jinan and Taiyuan in the Bohai Rim, and 
Shanghai to Wuxi and Changzhou in the YRD region; meanwhile, there are still 
only interregional connections for long-distance travel in airline networks such 
as the links connecting Beijing to Guangzhou, Shenzhen and Chengdu, and the 
links connecting Shanghai to Guangzhou and Shenzhen. The Beijing-Shanghai 
link in the second class of HSR networks reflects that for interregional travel, 
HSR connections can compete with airline connections for the major city links. 
As for the third class, HSR networks start to cover largely the inter-regional 
connections between capital cities within their respective regions such as 
Beijing-Nanjing and Guangzhou-Wuhan, while airline networks start to connect 
the national capital cities with high socio-economic performance and other 
regional capital cities with relatively low socio-economic performance, such 
as the link Beijing-Urumchi, and further provide connection services between 
major and tourism cities within specific regions such as the link Kunming-
Xishuangbanna in Yunan province. With regard to the fourth class, there are 
219 links accounting for 14.9% of the total links in HSR networks in which 
interactions between the middle and east have increased as a result of HSR 
travel. Meanwhile, there are 155 links, accounting for 16.9% of the total links 
in airline networks in which interactions between the west, the middle and 
eastern parts of China have increased; the connections to cities in Xinjiang, 
Yunnan and Xizang provinces are covered only by airline networks. This is 
likely a typical reflection of the core- periphery urban system in China where 
cities in the middle and west rely heavily on functional interactions with cities 
in the east through HSR and airline travel, respectively.  
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Figure 4.5. The comparison between HSR and airline advantage links12

We further identified the HSR and airline advantage links by comparing the 
differences of link strength values (RSL) between the HSR and airline network 
among 144 HSR-airline city links (Figure 4.5). The associations between the two 
networks by the values of link strength and related rankings are statistically 
non-significant: Pearson’s correlation coefficient is 0.167 (p > 0.01), and 
Spearman’s rho is 0.123 (p > 0.01). This means a city link with both HSR and 
airline connections, which is dominant in one transportation network, will be 
not dominant in another. Figure 4.8 clearly shows that HSR advantage links 
normally connect the major cities with large populations and GDP in a specific 
region with a short travel distance. In contrast, airline advantage links connect 
the major cities with large populations and GDPs in different regions with a 
long travel distance. For example, both Chongqing-Chengdu and Shanghai-
Nanjing were downgraded from first class in the HSR networks to fifth class 
in the airline networks, while Beijing-Shenzhen and Shanghai-Shenzhen 
upgraded from fifth class in HSR networks to second class in airline networks. 
Therefore, it can be found that although for the city links with both HSR and 
airline connections, end nodes of links are mainly the major cities or hubs, 
whether they are dominant on HSR or airline networks is based largely on their 
geographical distances between the city ends. 

12 If one link’s RSL value of HSR networks is larger than that of airline networks, it is considered an HSR 
advantage link or otherwise an airline advantage link
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Figure 4.5. The comparison between HSR and airline advantage links12
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not dominant in another. Figure 4.8 clearly shows that HSR advantage links 
normally connect the major cities with large populations and GDP in a specific 
region with a short travel distance. In contrast, airline advantage links connect 
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Nanjing were downgraded from first class in the HSR networks to fifth class 
in the airline networks, while Beijing-Shenzhen and Shanghai-Shenzhen 
upgraded from fifth class in HSR networks to second class in airline networks. 
Therefore, it can be found that although for the city links with both HSR and 
airline connections, end nodes of links are mainly the major cities or hubs, 
whether they are dominant on HSR or airline networks is based largely on their 
geographical distances between the city ends. 

12 If one link’s RSL value of HSR networks is larger than that of airline networks, it is considered an HSR 
advantage link or otherwise an airline advantage link

City and link strength vs. attributes of urban systems
To interpret the aforementioned results, we performed a multiple linear 
regression to investigate potential factors of both city and link strength.

Table 4.2. Multiple regression on city strength

DIT_HSRa DIT_Airlinea

Standardized coefficients Standardized coefficients

GDP per capitaa 0.576*** 0.184***

Average distancea 0.022 0.299***

Populationa 0.414*** 0.141***

Administrative level 0.185** 0.502***

Observations 105 168

Adjusted R-squared 0.689 0.665

* p<0.1    ** p<0.05    *** p<0.01
aLn transformation.

Table 4.2 shows results at the city level. It appears that GDP per capita and the 
population of cities are the first and second most significant indicators of city 
strength in HSR networks, compared to the administrative level of cities and 
average distance to others in airline networks. Cities in HSR networks show 
higher elasticities of GDP per capita and population to city strength than in 
airline networks, meaning that, compared to airline travel, HSR travel is still 
concerned mainly with connections to cities with higher socio-economic 
performance. The positive sign of the average distance to other cities in airline 
networks rather than in HSR networks indicates if one city is far away from 
others, airline travel becomes a more suitable alternative to HSR travel for 
middle- and long-haul journeys. Furthermore, the positive coefficients of the 
administrative level in both transportation networks indicate that, in general, 
the higher the city’s position in the administrative hierarchy, the more likely 
it is that passengers need to travel either to/from other cities. However, city 
strength is more sensitive to the administrative level in airlines than in HSR 
networks, probably because airlines are more suitable for non-recurrent travel 
for the purpose of public service obligations or other governmental objectives 
on a national scale. Therefore, compared to HSR travel, airline travel is targeted 
more at connections to cities with high administrative levels and beingfar away 
from other cities. 
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Table 4.3. Multiple regression on link strength

RSL_HSRa RSL_Airlinea

Standardized coefficients Standardized coefficients

Summed GDP per capitala 0.171*** 0.198***

Summed populationa 0.254*** 0.027

Distancea -0.571*** -0.081***

Summed administrative level 0.287*** 0.457***

Observations 1675 1466

Adjusted R-squared 0.508 0.265

* p<.1       ** p<0.05       *** p<0.01”  

aLn transformation. 

Distance and summed administrative level are the most significant factors 
in the link strength of HSR and airline networks, respectively (Table 4.3). Link 
strength has a much higher negative elasticity compared to the distance in 
HSR than in airline networks. This means the geographical distance between 
cities in HSR networks has a larger impact on the link strength of city pairs 
than in airline networks. This makes sense considering that the attractiveness 
of HSR services decreases when travel time increases (Givoni and Dobruszkes, 
2013). Furthermore, the positive sign of summed administrative level reflects 
that nodes of city links with a lower administrative level show low travel 
demand in between. However, the summed administrative level is much more 
elastic to link strength in airline networks and thus proves that city nodes with 
a higher administrative level and being far away from each other tend to be 
served by airline travel. This indicates that public service obligations or any 
other governmental objective could give additional reasons for offering airline 
services between distant cities, especially regarding the lower investment in 
airline construction compared to HSR between those distant cities.

4.4.2. Community structure

According to the HCA analysis, we visualized the communities of the HSR and 
airline network, respectively, in Figure 4.6. Community networks refer to city 
nodes gathered into several groups, in which there is a higher density of city-
pair connections within groups than among groups. The dendrograms of the 
HCA of HSR and airline networks, which are presented in Appendix (A), can 
reflect the extent to which city nodes are bonded within each community. A 
shorter bracket and a lower position in the dendrogram trees mean a stronger 
relationship between a pair of cities in the subgroup.

In the HSR network, the modularity value is 0.58, and there exist eight 
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subgroups with typical characteristics of geographical distributions in China, 
reflecting that geographical proximity matters most in intercity relationships. 
For instance, in the YRD region ‐community 4‐, Shanghai serves as the core 
and forms the strongest bonds with Hangzhou along the Jinghu and Shanghai-
Hangzhou HSR routes. In the northeast with Liaoning, Jilin and Heilongjiang 
provinces (community 5), Jilin-Changchun and Dalian-Shenyang form strong 
bonds along the Jingha HSR routes covering the northeast regions. Besides, 
in Jiangxi (community 2) and Fujian provinces (community 6), there are strong 
agglomeration effects within each province, where Nanchang-Jiujiang and 
Fuzhou-Xiamen form the strongest bond, and other peripheral prefecture-level 
cities are connected by parts of the Hukun HSR route and the southeast coastal 
HSR route within each province, respectively. Along the Wuhan-Guangzhou 
route connecting the middle and southeast (community 1), cities are also 
clustered. Furthermore, two clusters are formed due mainly to the geographical 
isolation and less developed HSR network connections: Sanya and Haikou, as 
mentioned before, are isolated from mainland China (community 8). There is no 
direct HSR channel connecting Hainan Island to mainland China, which forces 
them to be a cluster connected by the Hainan HSR route. Another cluster exists 
in the southwest (community 7), where Chengdu and Chongqing serve as the 
cores with limited connections with adjacent cities by parts of the Huhangrong 
HSR route due to the rather slow development of HSR networks up to 2013 in 
the southwest. In sum, HSR cities in the specific regions tend to be clustered 
with adjacent cities along the HSR routes. 

Figure 4.6. The spatial distribution of communities

In contrast, in the airline network, the modularity value is only 0.12, and, 
accordingly, there are four subgroups in the airline network without the obvious 
characteristics of the geographical cluster distribution in specific regions. For 
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instance, in the airline transportation network, Shanghai and Shenzhen in 
the middle east and southeast forms the strongest bond and starts the first 
subgroup, and this subgroup grows with the addition of Xiamen and Tianjin. 
Then loosely connected cities in different parts of China are added to enlarge 
the original group. Despite four subgroups in the dendrogram, they have not 
formed any major geographical clusters separately in specific regions due to 
the overlapping wide influence of aviation centres.

4.5. Conclusions and discussion 

This paper contributes to the current research as it clearly reveals China’s 
differential spatial structures of urban systems connected by its two high-speed 
transportation networks (HSR and airlines). To the best of our knowledge, this 
paper is the first study to use actual O/D passenger flow data and compare 
the resulting configuration of the Chinese urban systems in two types of high-
speed transportation networks on a national scale. These urban systems are 
likely those of upper social occupational groups, given the social filter that 
shapes the use of fast, long-distance transportation modes. 

Although city strength and link strength are related to each other, it is 
necessary to separate city strength from link strength since the same degree 
of link strength in a network can be associated with a different level of city 
strength (Limtanakool et al. 2007). First, there are similarities in the strength of 
cities with high socio-economic performance and administrative levels in HSR 
and airline networks. For instance, Beijing, Shanghai and Guangzhou, as the 
top three cities in both HSR and airline networks, reflect their national socio-
economic and administrative importance in China’s urban systems, which is 
similar to the finding of scheduled data in airline networks (Lin, 2012; Ma and 
Timberlake, 2008) but different from that in HSR networks (Jiao et al., 2017), 
where Nanjing instead of Guangzhou is in the top three. Regarding a much 
better socio-economic position of Guangzhou than Nanjing in China, logically, 
Guangzhou should be more dominant than Nanjing at least in HSR networks 
from the perspective of the demand side. However, differences for city strength 
also exist in both HSR and airline networks. HSR- dominant cities are centralized 
mainly in the middle and eastern parts of China, whereas airline- dominant 
cities are evenly distributed over the whole country. This difference can be 
partly explained by Chinese physical geography: many cities are located far 
away from each other in the sparsely populated mountain areas of the west 
region that cannot be easily reached by surface HSR transportation, in contrast 
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to the cities located in the densely populated plains of the east region. The 
difference can be further explained by the higher senstivity of city strength 
in HSR networks for socio-economic performance, in contrast to a higher 
sensitivity of city strength in airline networks for the administrative level of 
cities and average distance to other cities. This is largely a consequence of the 
relatively expensive investments in HSR networks, which are more economically 
and socially justifiable in high-density passenger volume areas than in airline 
networks. In other words, HSR networks are less suitable for long-distance 
travel on a national scale, and less viable for low-density passenger volume 
corridors than airline networks, even though central governments can decide 
differently for political reasons (de Rus and Nombela, 2007; Dobruszkes et al., 
2017). Typically, in this case, remoter but higher administrative-level cities in 
the non-densely populated west part of China in 2013 were usually served by 
airlines with a more cost-effective investment than HSR on a national scale, at 
least for non-recurrent long-distance travel for the purpose of public service 
obligations or other governmental objectives. 

Second, large differences in link strength exist between HSR and airline 
networks. In line with the former observations and explanation, the findings 
from the perspective of link strength further confirm that the regional 
connections between the middle and eastern part have been largely facilitated 
by HSR travel, but the inter-regional connections between the western and 
eastern part still rely largely on airline travel, consolidating a typical “flyover” 
effect in China as mentioned by Jin et al. (2004). This is partly a reason why 
HSR travel is competitive for short- and medium-distance travel, but airline 
travel is competitive for medium- and long-distance travel, which is similar to 
the finding from the World Bank (Zheng and Kahn, 2013). Moreover, although 
city nodes of links with better socio-economic performance still induce a 
certain level of travel demand between both HSR and airline networks, the link 
strength in HSR networks compared to airline networks is highly sensitive to 
geographical distance due to a severe distance decay effect, but less sensitive 
to administrative levels. Therefore, stronger connections exist for city ends 
with a rather high administrative level and long distance in airline networks. 

Third, in terms of community structure, compared to airline networks without 
an obvious pattern of clusters in specific regions, cities with dense populations 
and developed economies along with trunk HSR lines tend to be clustered in 
specific regions. Therefore, it is worth noting that agglomeration economies of 
urban systems could be facilitated by HSR networks, whereas airline networks 
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contribute relatively to more balanced urban development by increasing 
interactions, especially between cities with lower socio-economic performance 
in the west and ones with higher socio-economic performance in the east. 

Overall, the configuration of national urban systems in HSR networks differs 
largely from that in air networks, especially from the perspective of passenger 
flows. This paper opens several research perspectives. First, because long-
distance transportation networks evolve over time and shape demand to some 
extent, it will be of interest to replicate our analyses for several years. Indeed, 
the total HSR length will extend from 19,100 km in 2016 to 30,000 km in 2020 in 
comparison to the total number of airports from 216 to 260 (NDRC, 2016), which 
means HSR development will experience a faster growth rate, especially in the 
western part of China after 2013. On the airline side, the expansion of low-cost 
airlines in China (Jiang et al., 2017), even though at a controlled rate, could 
also affect the pattern of domestic intercity travel. Future research after the 
HSR and mature airline networks have been fully constructed could thus shed 
light on China’s updated urban systems, especially in view of the fact that new 
HSR developments in western China could play an important role in bridging 
China’s and Euro-Asia’s urban systems by the Belt and Road Initiatives. Finally, 
since HSR and airline networks are used mostly by upper social-occupational 
groups (Liu and Kesteloot, 2015; Delaplace and Dobruszkes, 2016), it is of 
interest to expand our work with intercity travel comprising traditional rail 
services and road.  
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Appendix 

A. Dendrogram trees for the HSR and airline networks.



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 118PDF page: 118PDF page: 118PDF page: 118

Chapter 4 Comparing China’s urban systems in high-speed railway and airline networks 

118

References

1. Beaverstock, J., 2004. “Managing across borders”: knowledge management and 
expatriation in professional service legal firms. J. Econ. Geogr. 4, 157–179.

2. Bertolini, L., Dijst, M., 2003. Mobility environments and network cities. J. Urban 
Des. 8, 27–43. doi:10.1080/1357480032000064755

3. Castells, M., 1996. The rise of the network society: volume i: the information age: 
economy, society, and culture, Recherche. doi:10.2307/1252090

4. Chen, L., Zhang, W., 2015. China OBOR in Perspective of High-speed Railway (HSR) 
— Research on OBOR Economic Expansion Strategy of China. Adv. Econ. Bus. 3, 
303–321. doi:10.13189/aeb.2015.030803

5. Choi, J.H., Barnett, G. a., Chon, B.-S., 2006. Comparing world city networks: a 
network analysis of Internet backbone and air transport intercity linkages. Glob. 
Networks 6, 81–99. doi:10.1111/j.1471-0374.2006.00134.x

6. Delaplace, M., Dobruszkes, F., 2016. Editorial: Thinking beyond the cost-benefit 
analysis: the wider impact of high-speed rail on local development. Belgeo 3, 0–8.

7. Delaplace, M., Dobruszkes, F., 2015. From low-cost airlines to low-cost high-speed 
rail? The French case. Transp. Policy 38, 73–85. doi:10.1016/j.tranpol.2014.12.006

8. Derudder, B., Devriendt, L., Witlox, F., 2007. Flying where you don’t want to go: An 
empirical analysis of hubs in the global airline network. Tijdschr. voor Econ. en Soc. 
Geogr. 98, 307–324. doi:10.1111/j.1467-9663.2007.00399.x

9. Derudder, B., Taylor, P., 2005. The cliquishness of world cities. Glob. Networks 5, 
71–91. doi:10.1111/j.1471-0374.2005.00108.x

10. Derudder, B., Timberlake, M., Witlox, F., 2010. Introduction: Mapping Changes in 
Urban Systems. Urban Stud. 47, 1835–1841. doi:10.1177/0042098010373504

11. Derudder, B., Witlox, F., 2009. The impact of progressive liberalization on the 
spatiality of airline networks: a measurement framework based on the assessment 
of hierarchical differentiation. J. Transp. Geogr. 17, 276–284. doi:10.1016/j.
jtrangeo.2009.02.001

12. Derudder, B., Witlox, F., 2008. Mapping world city networks through airline flows: 
context, relevance, and problems. J. Transp. Geogr. 16, 305–312. doi:10.1016/j.
jtrangeo.2007.12.005

13. Derudder, B., Witlox, F., 2005. An appraisal of the use of airline data in assessing 
the world city network: A research note on data. Urban Stud. 42, 2371–2388. 
doi:10.1080/00420980500379503

14. Derudder, B., Witlox, F., Taylor, P.J., 2013. U.S. Cities in the World City Network: 
Comparing their Positions using Global Origins and Destinations of Airline 
Passengers. Urban Geogr. 28, 74–91. doi:10.2747/0272-3638.28.1.74

15. Devriendt, L., Derudder, B., Witlox, F., 2010. Conceptualizing digital and physical 
connectivity: The position of European cities in Internet backbone and air traffic 
flows. Telecomm. Policy 34, 417–429. doi:10.1016/j.telpol.2010.05.009

16. Fu, X., Zhang, A., Lei, Z., 2012. Will China’s airline industry survive the entry of high-



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 119PDF page: 119PDF page: 119PDF page: 119

Chapter 4 Comparing China’s urban systems in high-speed railway and airline networks 

119

speed rail? Res. Transp. Econ. 35, 13–25. doi:10.1016/j.retrec.2011.11.006
17. Givoni, M., Chen, X., 2017. Airline and railway disintegration in China: the case of 

Shanghai Hongqiao Integrated Transport Hub. Transp. Lett. 1–13. doi:10.1080/1942
7867.2016.1252877

18. Givoni, M., Dobruszkes, F., 2013. A Review of Ex-Post Evidence for Mode Substitution 
and Induced Demand Following the Introduction of High-Speed Rail. Transp. Rev. 
33, 720–742. doi:10.1080/01441647.2013.853707

19. Hall, P., Pain, K., 2006. The Polycentric Metropolis: Learning from Mega-City Regions 
in Europe. Routledge.

20. Jiang, Y., Yao, B., Wang, L., Feng, T., Kong, L., 2017. Evolution trends of the network 
structure of Spring Airlines in China: A temporal and spatial analysis. J. Air Transp. 
Manag. 60, 18–30. doi:10.1016/j.jairtraman.2016.12.009

21. Jiao, J., Wang, J., Jin, F., 2017. Impacts of high-speed rail lines on the city network 
in China. J. Transp. Geogr. 60, 1–17. doi:10.1016/j.jtrangeo.2017.03.010

22. Jin, F., Wang, F., Liu, Y., 2004. Geographic Patterns of Air Passenger Transport 
in China 1980 – 1998 : Imprints of Economic Growth , Regional Inequality , and 
Network Development. Prof. Geogr. 124, 37–41.

23. Lao, X., Zhang, X., Shen, T., Skitmore, M., 2016. Comparing China’s city transportation 
and economic networks. Cities 53, 43–50. doi:10.1016/j.cities.2016.01.006

24. Limtanakool, N., Schwanen, T., Dijst, M., 2007. A Theoretical Framework and 
Methodology for Characterising National Urban Systems on the Basis of 
Flows of People: Empirical Evidence for France and Germany. Urban Stud. 
doi:10.1080/00420980701518990

25. Lin, J., 2012. Network analysis of China’s aviation system, statistical and spatial 
structure. J. Transp. Geogr. 22, 109–117. doi:10.1016/j.jtrangeo.2011.12.002

26. Liu, S., Kesteloot, C., 2015. High-Speed Rail and Rural Livelihood: The Wuhan-
Guangzhou Line and Qiya Village. Tijdschr. voor Econ. en Soc. Geogr. 107, 469–483. 
doi:10.1111/tesg.12169

27. Liu, X., Song, Y., Wu, K., Wang, J., Li, D., Long, Y., 2015. Understanding urban China 
with open data. Cities 47, 53–61. doi:10.1016/j.cities.2015.03.006

28. Ma, L.J.C., 2005. Urban administrative restructuring, changing scale relations and 
local economic development in China. Polit. Geogr. 24, 477–497. doi:10.1016/j.
polgeo.2004.10.005

29. Ma, X., Timberlake, M.F., 2008. Identifying China’s leading world city: a network 
approach. GeoJournal 71, 19–35. doi:10.1007/s10708-008-9146-8

30. Meijers, E., 2005. Polycentric urban regions and the quest for synergy: Is a 
network of cities more than the sum of the parts? Urban Stud. 42, 765–781. 
doi:10.1080/00420980500060384

31. NBSC (Nation Bureau of Statistics of China) 2011, http://www.stats.gov.cn/ztjc/zthd/
sjtjr/dejtjkfr/tjkp/201106/t20110613_71947.htm 

32. NDRC (National Development and Reform Commission of China) 2016, http://
en.ndrc.gov.cn/newsrelease/201612/P020161207645765233498.pdf

33. Neal, Z., 2014. The devil is in the details: Differences in air traffic networks by scale, 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 120PDF page: 120PDF page: 120PDF page: 120

Chapter 4 Comparing China’s urban systems in high-speed railway and airline networks 

120

species, and season. Soc. Networks 38, 63–73. doi:10.1016/j.socnet.2014.03.003
34. Neal, Z., 2010. Refining the Air Traffic Approach to City Networks. Urban Stud. 47, 

2195–2215. doi:10.1177/0042098009357352
35. Newman, M.E.J., Girvan, M., 2004. Finding and evaluating community structure 

in networks. Phys. Rev. E - Stat. Nonlinear, Soft Matter Phys. 69, 1–15. doi:10.1103/
PhysRevE.69.026113

36. Ng, A.K.Y., Wang, J.J., 2012. Transport development in China. Res. Transp. Econ. 35, 
1–2. doi:10.1016/j.retrec.2011.11.008

37. Pels, E., Nijkamp, P., Rietveld, P., 2003. Access to and competition between airports: 
A case study for the San Francisco Bay area. Transp. Res. Part A Policy Pract. 37, 
71–83. doi:10.1016/S0965-8564(02)00007-1

38. Robinson, J., 2005. Urban geography: world cities, or a world of cities. Prog. Hum. 
Geogr. 29, 757–765. doi:10.1191/0309132505ph582pr

39. Smith, D.A., Timberlake, M.F., 2001. World City Networks and Hierarchies, 1977-
1997: An Empirical Analysis of Global Air Travel Links. Am. Behav. Sci. 44, 1656–
1678. doi:10.1177/00027640121958104

40. Van Nuffel, N., Saey, P., Derudder, B., Devriendt, L., Witlox, F., 2010. Measuring 
hierarchical differentiation: connectivity and dominance in the European urban 
network. Transp. Plan. Technol. 33, 343–366. doi:10.1080/03081060.2010.494028

41. Wang, J., Jing, Y., 2017. A comparative research of spatial structure and organization 
mode of inter-city networks from the perspective of railway and air passenger 
flows. Acta Geographica Sinica 72 (8)

42. Wang, J., Jiao, J., Du, C., Hu, H., 2015. Competition of spatial service hinterlands 
between high-speed rail and air transport in China: Present and future trends. J. 
Geogr. Sci. 25, 1137–1152. doi:10.1007/s11442-015-1224-5

43. Wang, J., Mo, H., Wang, F., 2014. Evolution of air transport network of China 1930–
2012. J. Transp. Geogr. 40, 145–158. doi:10.1016/j.jtrangeo.2014.02.002

44. Wang, J., Mo, H., Wang, F., Jin, F., 2011. Exploring the network structure and nodal 
centrality of China’s air transport network: A complex network approach. J. Transp. 
Geogr. 19, 712–721. doi:10.1016/j.jtrangeo.2010.08.012

45. Wang, J.J., Xu, J., He, J., 2013. Spatial impacts of high-speed railways in China: a 
total-travel-time approach. Environ. Plan. A 45, 2261–2280. doi:10.1068/a45289

46. Xiao, Y., Wang, F., Liu, Y., Wang, J., 2013. Reconstructing Gravitational Attractions 
of Major Cities in China from Air Passenger Flow Data, 2001–2008: A Particle Swarm 
Optimization Approach. Prof. Geogr. 65, 265–282. doi:10.1080/00330124.2012.6794
45

47. Zhang, W., Derudder, B., Wang, J., Witlox, F., 2016. Approximating actual flows in 
physical infrastructure networks: the case of the Yangtze River Delta high-speed 
railway network. Bull. Geogr. Socio-economic Ser. 31, 145–160. doi:10.1515/bog-
2016-0010

48. Zhao, M., Wu, K., Liu, X., Ben, D., 2015. A novel method for approximating intercity 
networks: An empirical comparison for validating the city networks in two Chinese 
city-regions. J. Geogr. Sci. 25, 337–354. doi:10.1007/s11442-015-1172-0



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 121PDF page: 121PDF page: 121PDF page: 121

Chapter 4 Comparing China’s urban systems in high-speed railway and airline networks 

121

49. Zheng, S., Kahn, M.E., 2013. China’s bullet trains facilitate market integration and 
mitigate the cost of megacity growth. Proc. Natl. Acad. Sci. 110, E1248–E1253. 
doi:10.1073/pnas.1209247110



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 122PDF page: 122PDF page: 122PDF page: 122



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 123PDF page: 123PDF page: 123PDF page: 123

5
THE EX-POST IMPACTS OF 

Yang H.,Burghouwt G., Wang J., Boonekamp T., Dijst M. The Ex-Post Impacts 
of High-Speed Railways on Air Passenger Flows in China: Temporal and 

Spatial Dimensions. (manuscript submitted for publication)

HIGH-SPEED RAILWAYS ON AIR 
PASSENGER FLOWS IN CHINA: 

TEMPORAL AND SPATIAL DIMENSIONS



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 124PDF page: 124PDF page: 124PDF page: 124

Chapter 5
The Ex-Post Impacts of High-Speed Railways on Air Passenger 

Flows in China: Temporal and Spatial Dimensions

124

Abstract

The High-speed Railway (HSR) network in China is the largest in the world, 
competing intensively with airlines for inter-city travel. Panel data from 2007 to 
2013 for 138 routes with HSR-air competition were used to identify the ex-post 
impacts of the entry of HSR services, the duration of operating HSR services 
since entry, and the specific impacts of HSR transportation variables such as 
travel time, frequency, and ticket fares on air passenger flows in China. The 
findings show that the entry of new HSR services in general leads to a 27% 
reduction in air travel demand. After two year operating HSR services, however, 
the negative impact of HSR services on air passenger flows tends to further 
increase. The variations of the frequency in the temporal dimension and the 
travel time in the spatial dimension significantly affect air passenger flows. 
Neither in the temporal nor spatial dimensions are HSR fares strongly related 
to air passenger flows in China, due to the government regulation of HSR ticket 
prices during the period of analysis. The impacts of different transportation 
variables found in this paper are valuable to consider by operational HSR 
companies in terms of scheduling and planning of new routes to increase their 
competitiveness relative to airlines. 

Keywords: high-speed railway (HSR), airlines, China, competition, panel 
regression
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5.1. Introduction

High-speed railways (HSRs) offer advantages in punctual departure/arrival 
time, comfortable travel experience, and less CO2 emission in comparison 
to air travel (Givoni, 2007; Hall, 2009). The first European HSR, TGV Sud-Est, 
between Paris and Lyon was opened in 1981 in France. Thereafter, many HSR 
lines have been constructed in other Western European countries, including 
ICE in Germany and AGV in Spain (Givoni, 2006). Although inaugurated in a 
later stage, Chinese HSR networks have expanded at an exponential growth 
rate because of a substantial financial support from the central government. 
Especially after 2008, a 4 trillion RMB stimulus package to mitigate the impact 
of the global financial crisis has more than doubled the investment capital for 
HSR construction (Amos et al., 2010). From the end of 2003, when the first HSR 
between Shenyang and Qinhuangdao was opened, until 2015, the Chinese HSR 
network increased to 19,000 km, accounting for more than 60% of the global 
HSR network. The Chinese HSR network was constructed in only 12 years, and 
on a scale larger than in the rest of the world. 

Different from the European HSR networks, which were developed in a relative 
mature aviation market with modest growth rates, the development of Chinese 
HSR networks parallels a fast-growing and partially deregulated aviation market 
(Wang et al., 2016). After two decades of air deregulation in China, China’s air 
transportation has experienced rapid growth, especially from the start of the 
economic reform in 1980s due to the rapid increase in air travel demand (Wang 
et al., 2016). Between 1997 and 2015, domestic air passenger traffic in China 
grew from 5.6 million passengers to 436 million. The annual airline growth 
rate was almost 10%, particularly after 2000 (Figure 5.1). However, the annual 
growth rate of air travel is prone to be affected by unexpected social events, 
such as the 2003 outbreak of Severe Acute Respiratory Syndrome (SARS) and 
the 2008 financial crisis. In addition, after HSR operations started, first the D 
train services with an average operational speed 200km/h in 2007 and then 
G train services with an average operational speed of 300km/h in 2009, the 
airline’s annual growth began to drop progressively to reach stable growth 
after 2012. This reflects the potential competition that HSR services offer for 
passenger transportation in China. Apart from unexpected socio-economic 
events, the operation of HSR services has absorbed the demand growth for 
airline travel to a certain extent. In addition, HSR network expansion triggered 
loosening of regulations on airlines by the Civil Aviation Administration of 
China (CAAC), such as partially flexbile air fares and more operator licenses for 
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private and low cost airline companies (Zhang, Yang, Wang, & Zhang, 2014).
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Figure 5.1. China’s air passenger numbers and its increasing rate during 1997-2015 (CAAC).

Ex-ante studies of HSR and aviation demand have been conducted intensively, 
primarily predicting the intermodal market share and focusing on a handful 
of major corridors where HSR development has occurred (Gonzalez-Savignat, 
2004; Park & Ha, 2006; Román et al., 2007; Mao, 2010). In contrast, ex-post 
research is very limited and application of the relevant HSR geo-economic 
and transportation variables is rather crude in the data and model application, 
mainly due to the confidentiality of the operational data from the transportation 
companies and governments (Dobruszkes et al., 2014; Li & Loo, 2016).
 
This paper aims to fill this gap by conducting an ex-post study on the impact of 
HSR on air travel demand in the context of China using balanced and unbalanced 
panel data analysis. Firstly, using a balanced panel data set collected for 270 
cross-sections over seven years, we examine the relationship between HSR 
service and air passenger demand using variance component models. The 
analysis takes into account city pairs with and without HSR-air competition 
over the period 2007-2013 to understand the impact of geo-economic HSR 
variables (such as HSR entry and duration of operating HSR service) on air 
travel demand. Secondly, we apply within-between models (Bell & Jones, 
2015; Nieuwenhuis et al., 2016), using an unbalanced dataset containing only 
138 city pairs with HSR-air competition from 2007 to 2013, to specify how HSR 
transportation variables are specifically interacted with the air travel demand 
in the two geographic (temporal and spatial) dimensions. We do so because 
the transportation variables, such as frequency, travel time, and fare, vary both 
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in terms of the duration of operation of the HSR services (temporal dimension) 
and between different HSR routes (spatial dimension). Previous research has 
focused mainly on one of the dimensions.  

In the next section, we present a literature review on the competition between 
HSR and air transportation. Following this is the research design, which 
discusses the variables used and data collection, as well as methodologies for 
the panel data analysis. The subsequent sections present the empirical results 
of the balanced and unbalanced panel data analysis. Finally, we discuss our 
main findings and their policy implications.

5.2. Literature review 

Although there is cooperation between airlines and HSRs by means of feeding 
passengers from HSR spokes to hub airports (if booking systems between 
airlines and HSR companies have been coordinated) (Givoni & Banister, 2006), 
HSR has substantial competitive effects on air transportation, especially on 
point-to-point city pair markets. Research has confirmed that after the opening 
of a new HSR service, the HSR will have substitution effects on air travel by 
means of diverting original air passenger flows into the HSR. The first study is 
from Janic (1993), who claimed that HSR transportation in Europe competes 
with air transportation over a relatively large range of distances, between 400 
and 2000 km. A broad range of ex-ante academic literature then emerged, 
focusing on the impacts of HSR on predicted demand for airline travel in 
different contexts. In France, Haynes (1997) found that after a few years of 
HSR operation, air traffic dropped by 50% between Paris and Lyon. In Spain, 
González-Savignat (2004), based on a stated preference experimental design, 
predicted the HSR’s impacts on the reduced market share of airlines (50%) 
between Madrid and Barcelona. In Korea, Park and Ha (2006), relying on the 
stated preference model calibration, examined the effects of HSR on domestic 
air transportation demand in Korea and estimated a demand reduction 
between 34% and 75% between Seoul and Daegu. In Germany, to describe the 
consumer selection behavior between HSR and airlines, Ivaldi and Vibes (2005) 
used a theoretical simulation model to analyze the intermodal competition in 
the Cologne-Berlin route, finding that the entry of HSR reduces the fares and 
the airline flight frequency. 

With the fast development of HSR, especially in China and Europe, a few ex-
post studies of HSR impacts on air travel have been carried out. The advantage 
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of ex-post research is the accuracy of reflecting the actual effect of intermodal 
competition rather than the relatively poor performance of prediction 
embedded in ex-ante research (Givoni & Dobruszkes, 2013). Dobruszkes (2011) 
and Fu et al. (2012) used aggregated data and observed impacts of HSR-air 
competition in Europe and China, but did not implement econometric analysis 
on a large set of routes. That type of observed ex-post research has raised 
the issues of the unclear causal relationship of HSR-relevant factors and the 
lack of representativeness. Recently, studies have used econometric analysis 
to overcome this deficiency by focusing on the cases of Europe and China 
(Albalate, Bel, & Fageda, 2015; Chen, 2017; Fu, Lei, Wang, & Yan, 2015). 
However, the indicators for the HSR are dummy variables. These are unable 
to accurately reflect the influence of HSR related to geographic transportation 
factors such as travel time, frequency, and ticket fare. Other researchers 
have used transportation variables of HSR such as travel time, the frequency 
of trains (Clewlow, Sussman, & Balakrishnan, 2014; Dobruszkes et al., 2014; 
Zhang, Yang, & Wang, 2017) and the length of railway networks (Li & Loo, 2016) 
to specify the influence of HSR on airlines using either time series (temporal 
dimension) or cross-section (spatial dimension) analysis. 

Our review of the literature shows that studies regarding the competition 
between HSR and airlines are largely based on a European context and 
interpret the transportation variables of HSR only in either the “temporal” or the 
“spatial” dimension. This means that the variations in transportation variables 
in the other geographic dimension are not taken into account simultaneously 
(Table 5.1). Hence, our first hypothesis is that the influence of the transportation 
variables varying in the temporal dimension differs from those varying in the 
spatial dimension. Our panel data set allows for including both dimensions 
in the analysis. Second, we hypothesize that the entry of HSR services with 
respect to the growth rate of air travel demand may not be as significant as 
in Europe until a certain year of operating HSR services. The fast economic 
growth in Chinese cities and the increasing purchasing power of urban citizens 
have resulted in a fast-growing potential market for both air travel and HSR 
travel in China. Although some air passengers divert to HSR, there still exists a 
high demand for air travel even after opening new HSR services.
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Table 5.1. Temporal and spatial dimensions for HSR transportation indicators.

HSR Transportation 
Variable Temporal Dimension Spatial Dimension

Frequency

HSR companies can adjust the 
frequency of HSR trains within a city 
pair over time and according to the 
extension of the HSR network.

City pairs have different 
frequencies of HSR train service 
according to their travel distance 
and potential travel demand. 

Ticket fare
HSR companies can adjust the fare for 
a city pair over time

City pairs have different fares 
according to the travel distances, 
seat classes, and other factors. 

Travel time

Since the travel distance is 
almost fixed, without technology 
breakthroughs, travel times of HSR 
trains are relatively stable over time.

City pairs have different travel 
times according to their travel 
distances and intermediate stops.

5.3. Research design

5.3.1. Overview of variables and data

The analysis is at the city-pair level where the competition between HSR and 
air is taking place for intercity city travel in China. Data are combined for each 
city for those cities with multiple airports and/or HSR stations. China has two 
types of high-speed trains (HST) for intercity city travel that compete with 
airlines: the G train with an average operational speed of 300km/h since 2009 
and the D train with an average operational speed 200km/h since 2007. Data 
are compiled in December of each year and contain all existing city pairs with 
HSR-air competition each year from 2007 to 2013. By the end of 2013, there 
were 144 city pairs with HSR-air intermodal competition and 39 cities in total 
(Figure 5.2) in our dataset. Table 5.2 lists the variables and gives the descriptive 
results of dependent and independent variables. 

In this research, our main focus is the annual air travel demand. This variable 
includes annual origin-destination passengers traveling between a pair of cities, 
which reflects the demand side of the aviation market. For the explanatory 
variables, two types of variables are entered in the model: geo-economic and 
transportation. 
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Figure 5.2. City pairs with HSR-air competition from 2007 to 2013.13

With regard to geo-economic variables, the primary explanatory variables of 
most econometric demand models of air transportation are typically socio-
demographic variables, such as gross domestic product (GDP) per capita and 
population size (Clewlow et al., 2014). We tested the summed and multiplied 
GDP per capita and population for the two ends of each city pair, respectively. 
The multiplied formats of those socio-economic variables yields the greatest 
explanatory power when incorporated. Furthermore, the impacts of HSR 
entry on the demand for air travel has different short-term and longer-term 

13 The existing HSR routes without air competition and newly planned ones are not shown in the map.  
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impacts (Givoni & Dobruszkes, 2013). To isolate these temporal changes in the 
relationships between HSR and airlines in China, in addition to the dummy 
variable of the entry of HSR services, the duration of operating HSR services 
should be considered as a core determinant to reflect how the airline passenger 
flow generally changes from before to after the presence of HSR services. With 
regard to the fast development of Chinese HSR networks in parallel with the 
fast growth of the aviation market in China, the competitive effects of HSR on 
air travel may not be high enough just after HSR entry on city pair markets 
that still have a high demand for air travel. In other words, the interaction 
between the duration of operating HSR services and air passenger travel may 
be non-linear. Hence, we included a quadratic term of duration in the model. 
Furthermore, events such as the global financial crisis of 2008 influence air 
travel (Wang et al., 2015), which means that the year dummy variables need to 
be considered for controlling unexpected influences on the air travel demand.  
For transportation-related variables, travel time is the most important 
determinant for the market share of HSR versus air transportation, according 
to the current body of knowledge (Behrens & Pels, 2012; González-Savignat, 
2004; Givoni & Dobruszkes, 2013). Furthermore, ticket price for HSR and air 
transportation (González-Savignat, 2004) and the frequency of HST  (González-
Savignat, 2004; Dobruszkes et al., 2014; Raturi et al., 2013; Pels et al., 2000) 
are crucial variables as well. Also, the spatial layout of cities and the locations 
of HSR stations and airports influence the access time to get to/from the HSR 
station or airport (Behrens & Pels, 2012; Adler et al., 2010). In China, most HSR 
stations are located in suburbs. Therefore, the access and egress time to and 
from stations is longer compared to European cases. To some extent, total travel 
time, instead of line haul time, from origin to destination actually decides the 
modal choice for intercity travel. Therefore, whether the location of terminals 
(stations and airports) influences the intermodal competition between HSR 
and airlines needs to be tested.  The HSR transportation variables have been 
collected for each city pair, both for G and D trains.

China’s aviation market has been in a stage of fast growth in parallel to the 
expansion of the HSR network. Figure 5.3 illustrates that while the volume of 
both air and HSR traffic increased between 2010 and 2015, HSR did so at a 
higher growth rate. Therefore, it is important to reflect the elastic relationship 
between HSR and airlines rather than the absolute value of air passenger 
growth. We use the natural logarithm transformation on the dependent and 
independent variables to reflect the elasticity relationships.
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5.3.2. Methodology

For the panel data sets, estimates can be obtained using ordinary least 
squares (OLS) regression and variance components models. A Breusch–Pagan 
test has been used to determine the presence of heteroskedasticity in the 
classic linear regression (OLS) model. The test statistics indicate that the OLS 
model specifications are inefficient. Therefore, we have used three variance 
components models for the analysis. The first one is used for the balanced 
panel data analysis, the second for the unbalanced panel data analysis and the 
third for subgroups of unbalanced panel data according to flight distance. 

The first model is a balanced panel data set taking into account 138 city pairs15 

still with HSR-air intermodal competition after the entry of  HSR services  and 
132 city pairs without the entry of HSR services between 2007 and 201316. Our 
initial set of independent variables is a mix of geo-economic and general HSR 
variables as well as air transportation variables introduced in model 1 in Table 
5.1. The aim of this balanced model is to isolate the general impacts of the entry 
of HSR services and the influence of the duration of operating HSR services 
after HSR entry on the overall air travel demand in China without taking into 
account specific transportation variables of HSR, such as travel time, frequency 
and ticket fare. The first balanced panel data model is formulated as follows:

(1)                                               Y!" = X!"β+ Z!δ+ U! +φ!"                                    (1) 

	

 

where i and t represent entity i and year t, respectively. Yit is the dependent 
variable, being the number of air passengers on city pair i in year t. Xit and 
β denote the vector of independent time-variant variables and corresponding 
coefficients. Zi and δ denote the vector of independent time-variant variables 
and corresponding coefficients. Ui is the specific intercept for each entity 
and represents all unobservable time-invariant characteristics of entity i that 
influence the dependent variable. φit is the random error term. The coefficients 
for the time-invariant variables will be omitted within the fixed effect (FE) 
estimator. 

With the second model, we analyze impacts of variations in specific HSR 
transportation variables on air travel demand from the temporal and spatial 

  
15 The city pairs (Chengdu-Chongqing, Fuzhou-Xiamen, Wenzhou-Fuzhou, Jinan-Nanjing, Hangzhou-
Hefei, Shijiazhuang-Zhengzhou) directly abandoned by the airlines after the entry of HSR services are 
not included.

16 The 132 city pairs with the entry of HSR services in 2014 were used as counterfactual scenarios.  In
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dimensions, rather than estimate the impact of the entry of HSR services on 
overall air travel demand. In this analysis, we replace the two general HSR 
variables with the specific HSR transportation variables i.e. travel time, 
frequency and ticket fare. For this panel data set, only the city pairs where 
direct HSR services still compete with air services between 2007 and 2013 are 
considered. Provided by the characteristics of unbalanced panel data and two 
geographic variations in HSR transportation variables, we employ a hybrid 
random effects model, also called a between-within (BW) model, to interpret 
the results in two geographic dimensions. The BW model is called a hybrid 
model because it combines the advantages of both fixed and random effects 
models. It can be written as:

 (2)              Y!" = β! + β! 𝑋𝑋𝑋𝑋!" − 𝑋𝑋𝑋𝑋! + β!𝑋𝑋𝑋𝑋! + β!𝑍𝑍𝑍𝑍! + (𝑈𝑈𝑈𝑈! + 𝜖𝜖𝜖𝜖!")                              (2)	

where β1 is the within effect and β1 is the between effect of a series of time-
variant variables Xit (Bell & Jones, 2015). Rather than assuming heterogeneity 
away with the FE, the BW method estimates how the effects of within and 
between city pair variations in independent variables vary over time and space 
on the dependent variable. Any time-invariant characteristics (both observed 
and unobserved) are automatically controlled for, as the sum of their change 
will always be zero. Therefore, the estimations for time-varying variables in 
BW models are identical to the estimations in FE models. Additionally, a BW 
model includes random effects and allows for the inclusion of time-invariant 
variables β2, providing additional information on differences between city pairs 
that could not be estimated using a fixed effects model (for a more detailed 
description of the method, see Bell & Jones, 2015).

The third model is an extension of the BW model by distinguishing between 
various distance categories. Figure 5.4 indicates two thresholds (600 km and 
1100 km) for the three competitive relationships between HSR and airlines 
summarized in Table 5.3. Therefore, we aim to delve into how the elasticity of 
temporal and spatial transportation variables differs in the three competitive 
distance categories to shed light on operational and planning strategies for 
companies. 

Table 5.3. Thresholds for the competition between HSR and airlines.

Distance Market Share: HSR vs Airlines
Short-haul travel (< 600 km) Dominant by HSR

Medium-haul travel (600-1100km) Competitive

Long-haul travel (> 1100km) Dominant by airlines
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Figure 5.4. Actual volume of passenger flows carried by airlines/HSR in 2013 vs distance of city 

pairs.

5.4. Panel data regression results

5.4.1. General effects of HSR on air travel demand 

Table 5.4. Balanced panel model.

Fixed Effects Random Effects
LnAirflow LnAirflow

HSRdummy -0.3284* (0.181) -0.1710 (0.173)
Duration=1 year -0.2745 (0.231) -0.2257 (0.230)
Duration=2 year -0.4302* (0.254) -0.2288 (0.248)
Duration=3 year -1.3590*** (0.305) -1.1225*** (0.298)
Duration=4 year -1.1010** (0.337) -0.7590** (0.325)
Duration=5 year -2.2758*** (0.445) -1.8125*** (0.432)
Duration=6 year -1.8606*** (0.549) -1.2996** (0.533)
LnGDP -0.1182 (0.289) 0.8884*** (0.173)
LnPop 0.3144 (0.705) 0.7371*** (0.156)
LnAirFare -3.1675** (1.291) -0.6664 (0.591)
AirportTime 0.0000 (.) -0.0214** (0.009)
FlightTime 0.0000 (.) 0.0134 (0.008)
Dummy2008 -1.7563** (0.619) -0.3906 (0.322)
Dummy2009 -0.7742** (0.380) -0.1416 (0.226)
Dummy2010 0.7120** (0.258) 0.7159*** (0.187)
Dummy2011 1.1259*** (0.288) 0.7314*** (0.201)
Dummy2012 1.5141*** (0.340) 0.5821** (0.233)
Dummy2013 2.0262*** (0.537) -0.0270 (0.345)
Constant 45.1997** (17.625) -9.8021 (7.463)
Observations 1890 1890
R2 within 0.1362 0.1262
R2 between 0.0376 0.1798
R2 overall 0.0004 0.1574

Standard errors in parentheses * p<.1, ** p<0.05, *** p<0.01
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Table 5.4 shows the results for the balanced panel model. After the Hausman 
test, we reject the null hypothesis at the p=0.05 significance level that the 
coefficients estimated by the efficient random effects model are the same 
as the coefficients of the FE model; thus, the FE model is more appropriate 
here for the analysis. From the FE model, the presence of HSR services has a 
negative relationship with the growth rate of air passenger flows. The entry 
of HSR services will lead to a 27% (100 ∗ (EXP(−0.3284)−1)) decrease in the air 
travel demand. Furthermore, the duration of operating HSR services since the 
moment of HSR entry reflects a lag effect of HSR services on airline passenger 
flows. The negative coefficients of the duration variables are significant except 
for the duration variable of one year’s operation of HSR services, which means 
that after two year’s operation of HSR services, the growth rate of airline 
passenger flows starts to decrease more due to the substitution effect from 
HSR. This is because at the initial stage of HSR development, HSR networks had 
not yet been formed and travelers’ awareness of the HSR alternative was not 
so high that the substitution between HSR and air was still limited. However, 
with the gradual and fast extension of HSR networks in China, its substitution 
effect on air travel demand has been increasing. 

As to the control variables, although the coefficient of population is not 
statistically significant, the sign of this coefficient is as we expected. In 
addition, the coefficient associated with the GDP variable is negative though 
not statistically significant. This finding is the same as in some other European 
research, such as Albalate and Fageda (2015) and Dobruszkes et al. (2014), 
in which the coefficient of  GDP per capita is negative and not significant. 
Moreover, an increase in air fare is negatively related to the growth rate in air 
passenger flows, as expected. This reasonably suggests that in the Chinese 
aviation market from 2007 to 2013, if airline companies increased the airline 
fare, people were less willing to travel. Furthermore, as expected, the year 
dummy variables 2008 and 2009 have a negative relationship with the growth 
of air passenger flows due to the Asian financial crisis in 2008. The positive 
coefficients of dummies from 2010 to 2013 are explained by the recovering 
economy and aviation industry after the global financial crisis. 
In sum, the opening of HSR services initially has minor influence on the growth 
rate of air passenger flows in China compared to Europe (Albalate et al., 2015). 
However, with 2 years’ operation after the entry of HSR services, the negative 
impacts of operating HSR services starts to increase.
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 5.4.2. Specific effects of HSR transportation variables on air travel  
 demand in the temporal and spatial dimensions

Table 5.5 shows the results of unbalanced panel data analysis, focusing on 
only city pairs with HSR services between 2007 and 2013. The within effects in 
the temporal dimension show the impacts of variations of HSR transportation 
variables on air travel demand over time within a certain city pair, while the 
between effects in the spatial dimension show the impacts of the variations of 
HSR transportation variables on air travel demand between different city pairs. 

Table 5.5. Unbalanced panel model.

LnAirflow
Coefficients Standard Error

Temporal dimension (within a city pair) 

Ln(Frequency)1 -0.5154** (0.250)

Ln(HSR fare)2 0.6583 (1.461)

Ln(HSR travel time)3 -1.1252 (0.986)

Ln(GDP per capita) -0.9883 (0.580)
Ln(Population) 5.5599** (1.990)
Ln(Airfare) 2.0558 (2.593)

Spatial dimension (between city pairs)

Ln(Frequency)1 0.6863** (0.220)

Ln(HSR fare)2 0.1709 (0.693)

Ln(HSR travel time)3 3.0465*** (0.721)

Ln(GDP per capita) 1.2489*** (0.342)

Ln(Population) 0.9478*** (0.244)

Ln(Airfare) -2.1949* (1.100)

Ln(Access/egress time to/from stations) -0.2313 (0.683)

Ln(Access/egress time to/from airports) 0.4260 (0.817)

Ln(Flight time) 2.7477** (1.369)

Dummy2008 1.1049 (1.280)

Dummy2009 0.8197 (0.936)

Dummy2010 1.1516 (0.791)

Dummy2011 1.2237 (0.856)

Dummy2012 1.0305 (0.844)

Dummy2013 1.4414 (1.012)

Constant -38.9793*** (11.391)

N 426

R2 within 0088

R2 between 0.356

R2 overall 0.312

1. The frequency of general HSR services is the weighted average number of G and D trains.
2. The ticket fare of general HSR services is the weighted average number of G and D trains.
3. The travel time of general HSR services is the weighted average number of G and D trains.
*p<.1, ** p<0.05, *** p<0.01
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Based on the results of within effects, we observe that the frequency elasticity 
of the demand estimate for air travel is -0.52; that is, a 10% increase in the 
frequency of HSR services within a city pair leads to a 5.2% reduction in air 
travel demand. The coefficients of ticket fare and travel time are not significant. 
This is reasonable because the ticket fare and travel time of HSR services in the 
temporal dimension for a city pair hardly vary after the start of HSR services. The 
National Development and Reform Commission (NDRC) instead of the China 
Railway Corporation (CRC) has the authority to decide the ticket fare for each 
city pair regarding travel distance. To increase the use of HSRs, the NDRC did 
not allow the CRC to adjust the HSR ticket fare according to market mechanisms 
before 2016. Therefore, the ticket fare of HSR services for a city pair after a few 
years of operation is almost the same as the one at the beginning stage of 
operation. In addition, with the duration of operating HSR services increasing, 
similar to the case of ticket fares, the travel time in the temporal dimension 
cannot be reduced to a large extent without new technology breakthroughs on 
the operational speed of HSR services. Note that a national speed reduction 
of HSR services occurred after the accident involving a D train crash in 2011 
when the government decided to reduce the operational speeds of both D and 
G trains. Even though the travel speed of G trains decreased from 350 to 300 
km/hour and that of D trains from 250 to 200 km/hour, the influence of travel 
time in the temporal dimension is still rather limited. 
1516

With regard to the control variables, a 10% increase in population will respond 
with an 55% increase in air passenger flows, which is remarkable compared 
to European countries (Clewlow et al., 2014). This is reasonable because 
with the fast urbanization process in the last ten years in China17, more and 
more people have migrated from rural areas into urban areas, which leads 
to a potential market for the induced demand for air travel; furthermore, the 
cities connected by HSR and air are also the major nodes in China with a fast-
growing diverted demand for air travel from other low-speed transportation 
modes. The coefficient of the ticket fare of airlines is not significant anymore in 
this model compared to the previous balanced panel model, which means that 
facing competition from HSR, the strategy of lowering air ticket fare in the long 
run will not contribute to the improved competitiveness of airlines. 

Furthermore, from the results of between effects, most importantly, a 10% 
increase in the travel time of HSR services between city pairs will lead to a 

17 The urbanisation level in China had grown from 26% in 1990, to 52.6% by the end of 2012 (UNDP, 
2013). It is estimated that China’s urbanisation level will increase to 60% in 2020 (Xin, 2014).
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30% increase in air passenger flows. Our research confirms that variations of 
travel time between city pairs in the spatial dimension, instead of variations 
of travel time within a city pair in the temporal dimension, are important to 
explain differences in air passenger flows between city pairs. This means that 
regarding a specific travel speed of HST decreasing the travel time by limiting 
the intermediate stops between city pairs will be efficient to reduce air travel 
demand. Interestingly, a positive relationship exists between the frequency of 
HSR services and airline travel demand in the spatial dimension. City pairs with 
a higher frequency of HSR services tend to have more airline travel demand. It 
is likely that the city pairs with a larger frequency of HSR services are normally 
the ones with higher GDP per capita and population, which creates higher 
demand for intercity travel (Dobruszkes et al., 2014). This effect may not be 
fully captured by the GDP and population variables in our model, confirming 
that rather than the variations of the frequency of HST in the spatial dimension, 
the variations of the frequency in the temporal dimension actually influences 
air travel demand. In addition, we observe that the coefficient of the HSR ticket 
fare is not significant as this effect may already been captured by the travel 
time variable as a result of the fixed HSR ticket fare mechanism. 

With regard to the control variables, city pairs with higher GDP per capita and 
population attract more air travel demand. The coefficient of air ticket fare is 
still negative since city pairs with higher air fares have lower air travel demand. 
The flight time of city pairs is positively related to air passenger flows. This is 
interesting because it indicates that the competitiveness of air travel relative 
to HSR travel increases with increasing distance (flight time) between origin 
and destination, as time savings using air transportation become larger. The 
coefficients of both access/egress time to/from stations and airports are not 
significant. This is reasonable since most HSR stations in China are located in 
the suburbs of cities, similar to locations of airports. Wang et al. (2015) confirm 
that HSR stations located on average 23.2km away from the city center had a 
little shorter travel time by road transportation than airports (32.6km). Although 
it is not significant in this aggregate research, the difference in the access 
and egress time to/from terminals likely might be significant in disaggregate 
research. 

Overall, the growing urbanized population in cities with an increasing demand 
for long-distance travel contributes to the fast growth in air travel demand in 
China. Among HSR transportation variables, the frequency of HSR services in 
the temporal dimension and the travel time of HSRs in the spatial dimension 
are the crucial factors for the competition between HSR and airlines in China. 
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5.4.3. The specific impact of HSR services according to travel  
 distances and its application for the planning of HSRs

Table 5.6 only shows the results of variables of our main interest, namely, the 
frequency of general HSR services in the temporal dimension and the travel 
time of general HSR services in the spatial dimension. We further separate the 
general HSR services into D and G train services. 

Table 5.6. Results of the frequency and travel time for short-, medium-, and long-haul travel.

Distance <600km 600-1100km >1100km

Ln(Air passenger flows)
General HSR Gtrain Dtrain General HSR Gtrain Dtrain General HSR

Ln(Frequency 
of HST)

-1.690** 1.627 -1.022* -0.125 -7.126*** 0.203 -0.237

(0.695) (1.567) (0.542) (0.135) (5.034) (0.208) (0.763)

Ln(Travel time 
of HST)

3.463** -2.696 2.6987 2.744*** 6.033*** 2.474* 4.788

(1.770) 5.324 (5.718) (0.699) (1.501) (1.370) (4.241)

N 170 54 155 210 65 181 62

R2 within 0.218 0.202 0.227 0.057 0.413 0.0776 0.402

R2 between 0.569 0.698 0.532 0.423 0.721 0.4791 0.585

R2 overall 0.448 0.676 0.427 0.388 0.665 0.3766 0.598

Standard errors in parentheses *p<.1, ** p<0.05, *** p<0.01

On short-haul city pair markets of flight distance less than 600 km, an increase 
of general HSR frequency in the temporal dimension has a negative impact 
on air passenger flows. Also, the travel time of HSR services in the spatial 
dimension is elastic to air passenger flows. We also find that the coefficient of 
the frequency of D trains is significant, whereas the coefficients of the frequency 
and travel time of G trains and the coefficients of the travel time of D trains are 
not significant. From a policy perspective, this indicates that HSR operators are 
better off increasing the total number of HST frequencies, especially D trains, 
for the city pairs with a flight distance of less than 600km, than increasing the 
frequency of G trains. This could apply for routes such as the Beijing-Jinan 
(367km) route in the Bohai Rim and the Hefei-Shanghai (384km) route in the 
Yangzi River Delta.

On medium-haul city pair markets of distance between 600 and 1100 km, the 
travel time of general HSR and those of G trains in the spatial dimension are 
elastic to air passenger flows. The coefficient of the frequency of G trains in 
the temporal dimension is significantly negative to the air passenger flows. 
This means that on medium-haul markets, an increase in the frequency and a 
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reduction of intermediate stops of G trains service will be more efficient than 
that of both G and D train services for improving the overall competitiveness 
of HSR services. For instance, an increase in the frequency of G trains in the 
Beijing-Shanghai route (1086km) with fewer stops in small cities in between, 
such as in Zhenjiang in Jiangsu Province, will increase the competitiveness of 
HSR against airlines between Beijing and Shanghai.

For long-haul travel city pair market of flight distance over 1100 km, the sample 
sizes of both D and G trains are not large enough for the analysis so here we 
only report the results of general HSR services. Neither the frequency in the 
temporal dimension nor the travel time in the spatial dimension is elastic to air 
passenger flows. Thus, we can conclude that within this travel distance, neither 
a reduction of travel time in the spatial dimension nor an increase in frequency 
in the temporal dimension will improve the competitiveness of HSR services.

5.5. Conclusions

This study explores the ex-post intermodal relationship between HSR and air 
transportation at the route level in China. By means of balanced and unbalanced 
panel data from 2007 until 2013, we explain HSR’s general potential to reduce air 
passenger flows and the relevant specific transportation variables influencing 
air passenger flows in two geographic dimensions: temporal and spatial.

First, by focusing on the impact of the entry of HSR services and the duration 
of operating HSR services on air passenger flows since entry, our research 
shows that the entry of HSR services in general leads to only a 27 % reduction 
in air travel demand in the Chinese aviation market (with a high growth rate), 
which is similar to the finding of (Chen, 2017; Zhang et al., 2017). This is not 
a significant negative impact, compared with studies such as Albalate et al. 
(2015) in Spain, who report a more than 50% airline seat reduction after the 
entry of HSR services. However, after two-years’ operation of HSR services 
in China, the negative impact of HSR services on air passenger flows tends 
to increase. This reflects the typical case of China that the substitution effect 
of HSR networks in a fast-growing aviation market (in contrast to the more 
mature European market) is not significant on the growth of air passenger 
travel at least at the initial stage until more HSR routes have been opened and 
the awareness of the new service among travelers grows. 

Second, our research confirms that the variations of the frequency in the 
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temporal dimension and the travel time in the spatial dimension are significant 
factors in explaining air passenger flows on city pair markets where both modes 
compete. The frequency component in the temporal dimension indicates that 
HSR can improve its competitive position with respect to airlines if the HSR 
frequency on the route is increased. The travel time in the spatial dimension 
shows that HSR has a better competitive position on city pairs with a shorter 
HSR travel time, as on these routes airlines have a relatively limited travel time 
advantage. The frequency in the spatial dimension is just the approximation of 
the economic level of city pairs reflecting travel demand. The impact of travel 
time in the temporal dimension is rather limited even though there has been 
a travel speed reduction for the HSR services during the period of analysis. In 
contrast to the findings that HSR ticket fares are elastic with the market share 
in Europe (Behrens & Pels, 2012; Adler et al., 2010), the ticket fares of HSR in 
both the temporal and spatial dimensions are not strongly related to the air 
passenger flows in China, as a result of the fixed HSR ticket fare mechanism 
in the control of the government. Fare probably can play an important role 
in competition only when it fluctuates according to the market. Our research 
further confirms that the short stretch of HSR routes in the spatial dimension 
and the high frequency of HSR services in the temporal dimension can definitely 
increase the competitiveness of HSR relative to airlines. 

From a policy-making point of view, the results of our research can be useful 
for HSR planning and scheduling to increase its competitiveness relative 
to airlines. If HSR companies want to improve their competitive position 
relative to air travel, increasing the frequency of HSR service in the temporal 
dimension is important instrument as our analysis shows. In addition, aiming 
for the minimum length of HSR routes in HSR planning or reduce the number 
of intermediate stops in the schedule planning reduces the travel time of 
HSR services and improves its competitive position in the spatial dimension. 
With a short-haul market of flight distance less than 600km, HSR operational 
companies should increase the total number of HST and, in particular, the 
D trains for the city pairs, which could apply in the routes for intra-regional 
travel such as the Beijing-Jinan route in the Bohai Rim and the Hefei-Shanghai 
route in the Yangzi River Delta. With a medium-haul market of flight distance 
of between 600 and 1100 km where fierce competition between HSR and air 
occurs, an increase in the frequency and a reduction in the intermediate stops 
of G train services will improve the overall competitiveness of HSR services, 
for instance, in the major corridor, the Beijing-Shanghai route. With a long-haul 
market of flight distance over 1100km, the HSR operational companies should 
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consider moving from a competitive into a cooperative relationship with airline 
companies by acting as spokes for both ends of long-haul travel, as Jiang and 
Zhang (2014) mentioned. Indeed, it might be the case that travelers in the cities 
near major hub cities such as Beijing in the Bohai Rim and Guangzhou in the 
Pearl River Delta can now access both hub cities rapidly using HSR routes 
within the short-haul flight travel for the next long-haul flight travel between 
Beijing and Guangzhou. The role of HSR in feeding hubs may only become 
more important in the future due to Chinese airport and airspace congestion. 

While our research has identified the reaction of airlines to HSR services 
between 2007 and 2013, we note that from January 2016 the HSR ticket fares 
were no longer under the control of the NDRC (NDRC, 2015). HSR operators 
acquired the right to price train seats largely based on market demand. Thus, 
future research could investigate how the flexible ticket fare influences the 
intermodal relationships between HSR and airlines in both the temporal and 
spatial dimensions. Second, although the aggregate time cost of intra-city trip 
to/from terminals are not significant in this research, future research could also 
study whether the individual differences of disaggregate time cost of intra-
city trip to/from terminals influence the competitive relationships between HSR 
and airlines.   
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Abstract

High-speed railway (HSR) has become a sustainable transport mode for inter-
city travel, especially in China. As public transport (PT), the use of HSR involves 
access and egress to/from HSR stations. However, the literature focusing on 
the intra-city mode choice of HSR travelers is limited, especially regarding 
their differential socio-demographic and trip characteristics. This paper aims 
to fill that gap with an analysis of access/egress mode choice for business 
and leisure journeys in the Yangzi River Delta region. Using the HSR survey 
from Fudan University, we found that in China the subway, versus walking or 
cycling, is the major access/egress mode choice. Older and wealthier travelers 
have a strong preference for car use. For leisure travel, the explanatory power 
of the socio-demographic variables is much more influential in the egress 
than the access stage. With increasing access time, business travelers may be 
enticed to shift to faster PT form (e.g., subway rather than bus) in the access 
stage. With increasing line-haul time, only business travelers have a stronger 
preference for car use as their intra-city mode choice for business activities. 
A higher number of subway lines and road intersections around HSR stations 
is associated with less car use for leisure travelers in the access stage and for 
business travelers in the egress stage. 

Keywords: Access/egress stages, high-speed railway (HSR), China, mode 
choice
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6.1. Introduction

The first European high-speed railway (HSR), the TGV Sud-Est between Paris 
and Lyon, was inaugurated in 1981 in France (Arduin and Ni, 2005). Due to 
advantages of much higher speed than conventional railways, reduced traffic 
and congestion levels compared to private cars, and lower CO2 emissions 
compared to airlines, HSR lines have been constructed and promoted as 
sustainable public transport (PT) connections for inter-city travel in other 
Western European countries, such as ICE in Germany and AGV in Spain 
(Givoni, 2006), and in China (Chen, 2012). As a PT mode, previously the HSR 
operation was mainly concerned with maintaining high frequency and limited 
stops to maintain the competitiveness of HSR travel at a high level. However, 
like any other PT mode, the use of HSR involves access and egress to/from 
HSR stations. These stages are important elements of the whole HSR journey 
and can determine whether HSR line haul is an attractive transport mode for 
travelers compared to other transport modes (Brons et al., 2009; Krygsman et 
al., 2004). Normally, the access/egress distances to newly built HSR stations 
are longer than for other PT terminals since newly built HSR stations are 
usually located in the periphery of (smaller) cities (Banister and Givoni, 2013). 
This situation is much more severe in the context of China where HSR stations 
are located relatively far away from city centers (Chen and Wei, 2013). Hence, 
improving the position of the HSR via improved intra-city trips to/from HSR 
stations is a core issue for the transition toward HSR sustainable mobility, 
especially in fast-urbanizing China. 

In research, relatively less attention has been paid to the intra-city stages of 
trips to/from HSR stations, with a few exceptions. Tapiador et al. (2009) used 
aggregated interchange time and distance between stops of access/egress 
modes and HSR stations in European countries to identify the accessibility 
of HSR stations. Wang et al. (2013) focused on aggregated total travel time 
and quantified the time savings by the HSR trip regarding aggregated intra-
city and inter-city stages of HSR trips, arguing that the accessibility of HSR 
stations determines the effectiveness of the HSR system in China. However, 
these studies all treated the aggregated travel times and distances of inter-city 
and intra-city as equal for all individuals, which underestimates the influence 
of differential socio-demographic characteristics and attributes on individual 
intra-city trips. For example, even when individuals face equal travel distances 
and the same accessibility of HSR stations from the same traffic analysis 
zones (TAZs), they may differ in their ability to use access mode choices to 
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HSR stations based on their different socio-demographic characteristics, time 
budgets, and travel purposes. Thus, a move away from interest in aggregate 
research toward disaggregated individuals who generate the travel behavior 
is needed. 

Some studies have examined the access/egress stages of local PT and 
conventional railways. For instance, studies on the influence of disaggregated 
socio-demographics and perceptions regarding the access/egress stages of 
trips to PT terminals such as conventional railway stations in the Netherlands 
(Brons et al., 2009; Givoni and Rietveld, 2007; Krygsman et al., 2004) and metro 
stations in China (Yang et al., 2015; Zhao and Li, 2017) have been published. 
However, the socio-demographic characteristics of HSR travelers may differ 
from those using conventional PT given the non-daily long distance of HSR 
trips compared to daily local PT trips and the relatively high monetary but 
low time costs of HSR travel compared to the inter-city bus or conventional 
railway (Liu and Kesteloot, 2015). Therefore, different impacts of trips and 
socio-demographic characteristics of HSR travelers may exist in their intra-city 
access and egress trips. In this paper, by focusing on the access/egress intra-
city stages of HSR journeys in China from disaggregated socio-demographic 
information, travel motives, and travel times, the aim is to understand the 
differential impacts of HSR travelers’ socio-demographics, trip and built-
environment characteristics on the access/egress mode choices based on 
journey motive. 

For our analysis, we use data from the 2014 HSR Travelers Survey in the Yangzi 
River Delta. We answer the research question in the following five sections. The 
second section starts with a review of relevant literature on the determinants of 
mode choice attributed to access and egress. Section 3 presents the research 
design and data set. Following is the empirically descriptive analysis of access 
and egress modes in Section 4. The regression models are discussed in Section 
5. The sixth section offers the conclusions of our analysis.

6.2. Literature review of the determinants of mode  
 choice for intra-city trips to HSR stations

Existing research focuses on two types of mode choice, depending on whether 
it is combined with other transport modes. One is the unimodal transport 
mode from door-to-door without a combination of travel modes. The other is 
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a multimodal mode choice including access/egress mode choice in association 
with other PT modes, such as trains and airlines (Zhao and Li, 2017). By reviewing 
the existing literature, we identify three types of determinants related to the 
access/egress mode choice to/from PT terminals: trip characteristics, socio-
demographics, and built-environment indicators. This review, based mainly 
on access/egress mode choices for conventional PT stations and partly on 
unimodal choice, is used to identify potential characteristics and determinants 
of mode choices in the access/egress stages of HSR journeys. 

The trip characteristics are the most important explanatory variables for the 
access/egress mode choice in conventional PT. Among those characteristics, 
distance and travel time to the terminal are mentioned many times in the 
literature. In the Netherlands, for short travel distances (3 km) to conventional 
railway stations, travelers prefer to use active transport modes (walking and 
cycling) (Brons and Rietveld, 2009; Givoni and Rietveld, 2007). A study in the 
US revealed that more than 70% of all access trips longer than 3.2 km to a 
transit station are made by car (Cervero, 2001). Although intuitive, the use of 
distance is somewhat simplistic since it is identical for all modes and fails to 
represent the characteristics of the trip accurately, namely, the relative time 
cost by mode. As Cervero (2002) mentioned, actual travel time is the most 
influential factor in the mode choice since travelers wish to limit total travel 
time regardless of the travel distance. Pels et al. (2003) also mentioned that the 
access time to airports is more important than any other variables in the access 
mode choice to airports. Wen et al. (2012), however, found that the access mode 
choice of HSR travelers is less related to access time than monetary concerns 
in Taiwan. In addition to considering the access/egress travel time, actually, the 
line-haul time influences the time cost that travelers are willing to accept in the 
access and egress stages. Krygsman et al. (2004) found that people will accept 
a longer access time by cycling if their line-haul time is longer. 

Some studies have confirmed that travelers’ socio-demographic characteristics 
are crucial determinants for the access/egress mode choice to conventional 
transport terminals. However, this literature is scarce. Most of the literature 
relates to determinants of the unimodal transport mode choice, which might 
apply to access/egress mode choice as well. Results have shown that, in 
comparison to men, females less often used the private car as the unimodal 
transport mode due to limited access to cars and consciousness of the high risk 
of driving (Commins and Nolan, 2011; Kim and Ulfarsson, 2008). Stronegger 
et al. (2010) found that men preferred cycling, while women preferred walking, 
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as the unimodal transport mode because of women’s perceived safety. Age 
also influences the access/egress mode choice. Zhao and Li (2017) found that 
when accessing metro stations, young people in China were less likely to cycle 
and more likely to use buses because younger generations in China rely on 
motorized transport more than older generations; Giovani and Rietveld (2007) 
found that young adults in the Netherlands used bicycles for access and egress 
to railway stations more frequently than older adults because of the better 
physical condition of young adults. Regarding income, when accessing metro 
stations, middle- and high-income earners in China were more likely to drive 
than cycle, whereas low-income earners were more likely to take the bus (Zhao 
and Li, 2017). The conclusions regarding the influence of education differ. 
Researchers have found that travelers with a higher education preferred to 
use PT as the unimodal transport mode for medium and long travel distances 
(Limtanakool et al., 2006), while Dieleman et al. (2002) claimed that car use was 
more likely for travelers with a higher education in the Netherlands. However, 
research has also found contrasting results indicating that age, gender, and 
income were insignificant when estimating bicycle usage among rail transit 
users in the Netherlands (Krygsman et al., 2004) and China (Chen et al., 2012).
 
Furthermore, factors affecting mode choice decisions tend to vary by the 
purpose (Pan et al., 2009) because travelers face different space-time fixity and 
valuation of travel time when conducting activities. In general, business travel 
and commuting for obligatory activities are more fixed in time and place than 
leisure travel for discretionary activities (Wang, 2015). Algers (1993) found that 
in Sweden travelers with good employment status and economic well-being 
preferred to use a more expensive mode in getting to stations for business 
travel. Zhang (2004) found that younger travelers were more likely to use 
cars for commuting. The valuation of access time to the airport is higher for 
business than for leisure travelers because business travelers are more time-
senstive than leisure travelers (Pels et al., 2003). 

The built environment at the macro and micro level largely influences 
passengers’ travel behavior between origins to conventional rail transit 
stations and between destinations and conventional rail transit stations. On 
one hand, the built environment at the macro level refers to the urban form of 
city variables (Cervero, 2001; Krygsman et al., 2004). For instance, the higher 
population density of cities is associated with smaller shares for the private car 
and larger proportions of trips by PT and cycling/walking in Hong Kong (Zhang, 
2004) and the Netherlands (Schwanen et al., 2004). Furthermore, the location 
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of conventional rail transit stations is also an important factor. Martens (2004) 
confirmed that when conventional railway stations are located in urban areas, 
conventional railway travelers are more likely to use the bus than the bicycle for 
medium and long access and egress distances. In addition, Martin and Shaheen 
(2014) found that subway travelers are likely to use the bicycle to access/egress 
metro stations in lower density suburban areas. On the other hand, the built 
environment at the micro level refers to the transport infrastructure around 
PT station areas (Krygsman et al., 2004; Zhao and Li, 2017). A high level of PT 
service between origins and transit stations increases the chances of people 
using PT as the access mode (Zhao and Li, 2017). Increasing the number of 
road intersections around origin areas diminishes the probability of car driving 
(Sun et al., 2017; Zhang, 2004).

Our review of the literature is based on conventional public transit stations 
rather than HSR stations. We argued in the introduction that socio-demographic 
and trip characteristics of HSR travelers might differ from those of conventional 
travelers. Specifically, we argued that the travel cost on inter-city multimodal 
HSR is higher and the volume of luggage is often greater than on conventional 
PT. Therefore, we first hypothesize that older and wealthier HSR travelers 
are more likely to choose a more expensive and convenient transport mode 
such as the car for their intra-city travel because of their declining physical 
condition and higher disposable income for transport. The second hypothesis 
is related to the time sensitivity of travelers. For example, business travelers, 
who are more sensitive to travel time costs (Shen et al., 2015; Wang, 2015), 
would choose a travel mode being able to largely reduce the time needed for 
intra-city trips. Therefore, we expect that access/egres time and line-haul time 
of business travelers might have more implications for access/egress mode 
choices, resulting in a faster-speed access/egress transport mode compared to 
leisure travelers. Third, different from traditional PT terminals whose stations 
are normally located in urban areas where the majority of access/egress is 
active transport, most HSR stations in China are newly built and located in 
suburban areas with longer travel distances to the city center (Chen and Wei, 
2013). Therefore, we hypothesize that because the locations of HSR stations 
are far away from city centers, non-motorized transport modes might not be 
the major access/egress mode choices in China. Fourth, intrinsic differences 
exist between the access and egress stage and between travelers with different 
space-time fixity. Travelers are more familiar with transport alternatives in the 
access stage than in the egress stage (Allard and Moura, 2016) and obligatory 
travelers travel under more time-space constraints than discretionary travelers. 
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Therefore, we hypothesize that the explanatory power of the socio-economic 
and trip characteristics and the built-environment attributes differ across travel 
stages and purposes.

6.3. Research design 

We use survey data from Fudan University which were collected on June 6, 2014, 
with support from the Shanghai Railway Bureau. Due to the strict regulations of 
the Shanghai Railway Bureau, questionnaires had to be distributed to travelers 
in each carriage by train attendants rather than researchers. The survey was 
conducted on G trains with an operational speed of 300 km/h on two major HSR 
routes (Shanghai-Nanjing and Shanghai-Hangzhou) in the Yangzi River Delta; 
741 of the total 1,000 questionnaires were valid (specifically, 160 from G7014 
leaving Shanghai for Nanjing, 193 from G7141 leaving Nanjing for Shanghai, 
193 from G7321 leaving Shanghai for Hangzhou, and 195 from G7326 leaving 
Hangzhou for Shanghai). The geographic distributions of the two routes are 
shown in Figure 6.1. Each route has nine HSR stations. The survey contains 
information on HSR travelers (e.g., gender, age, income level, educational level, 
occupational type) and journey information (e.g., journey purpose, departure 
and arrival stations, access/egress modes, times to/from HSR stations). 

Figure 6.1. Locations of HSR stations in the Yangzi River Delta region.

Trip characteristics variables include journey purpose (i.e., business, family 
visit, tourism, commuting, other), access time, egress time, and line-haul time. 
Socio-demographic variables include gender, age, education level, and monthly 
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income level. Built-environment variables include the location of HSR stations 
(urban or suburb areas), urban population density, number of subway lines, 
and number of road/street intersections within a 2 km radius around stations. 
Urban population density data were acquired from the 2014 Chinese Urban 
Statistics Yearbook. The number of subway lines was determined based on a 
Baidu map to calculate the available subway lines within a 500m walking radius 
around stations and the number of road and street intersections is acquired by 
OpenStreetMap (OSM) to calculate the roads and streets specific for driving use 
within a 2 km radius of stations. Except for three built-environment variables 
(urban population density, number of subway lines, and number of road/street 
intersections) and one trip characteristics variable (line-haul time) that are 
continuous variables, the location of HSR stations, the other trip characteristics, 
and socio-economic indicators are all categorical variables. Two categories of 
travel purposes (family travel and tourism travel) are incorporated into one 
category (leisure travel). Thus, ultimately, we categorized four trip purposes in 
our analysis: business, leisure, commuting, and other. The dependent variables 
in the analysis are the habitual access and egress mode choices to and from 
HSR stations; five categories are distinguished: subway, bus, car (driving alone 

or chauffeuring), walking and bicycle, and taxi or other.  

For model selection, because both access and egress mode choices are 
categorical variables, we considered using the multinomial logit (MNL) model, 
which has typically been applied in studies to analyze the transport mode choice 
(Crockett and Hounsell, 2005; Feng et al., 2014). MNL can be used to predict the 
distribution probabilities or tendency toward different mode transport choices 
compared to one reference transport mode by considering different socio-
demographics, trip characteristics, and built-environment factors. In addition, 
some passengers to and from stations without subway connections have a set 
of alternatives without a subway; therefore, an alternative-specific MNL model 
in Stata 13 is used for the regression analysis.   
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6.4. Descriptive analysis

6.4.1. Access stage

In general, the subway is the major access mode choice, and the shares of 
walking/cycling and other transport modes are all together approximately 
5.5%. This is likely because the location of HSR stations in China is often far 
away from city centers (the mean value of the distance from city centers to 
departure stations is 8.87 km). Thus, travelers cannot rely on non-motorized 
modes to access stations. Regarding travel purpose, commuters prefer to use 
the subway as a dominant access mode. For business travelers, next to the 
subway, the taxi also has a large share (27.5%). In contrast, next to the subway, 
the bus has a large share of access mode (24.3%) for leisure travelers. 

In terms of gender, female travelers choose walking or cycling as access 
modes more than twice as often as male travelers. With increasing age, the 
share of subway as a dominant access mode decreases, while the share of 
car use increases, likely because of the physical convenience of this mode. 
There are also differences between education levels. Travelers with high 
education (undergraduate and graduate) prefer to use the subway as an access 
mode. With increasing education, the share of travelers using buses and taxis 
decreases. In addition, with increasing income, the share of bus use decreases 
and the share of the more expensive car and taxi increases. 

With increasing access time, the share of PT use such as bus and subway 
increases, while the share of car and taxi use decreases. This shows that the 
shorter the access time, the faster the access mode travelers choose. This is 
different from conventional railway travelers in the Netherlands, who accept 
longer access times with a faster access mode (cycling instead of walking) 
(Krygsman et al., 2004). This might relate to findings in Taiwan that in general 
HSR travelers seem to be less time-sensitive to access mode so that for a longer 
access time they will accept a slower travel mode (Wen et al., 2012). As to the 
location of departure HSR stations, a higher share is associated with using the 
bus, car, and taxi but a lower share with the subway for travelers accessing 
stations in urban areas versus the suburbs.
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Table 6.1 Descriptive results of access stage

Subway
(%)

Bus
(%)

Car
(%)

Walking/
Bicycle (%)

Taxi
(%)

Others
(%)

Total 
cases

Total share 44.0 18.2 12.2 4.1 20.0 1.5 736

Travel purpose Business 41.6 12.5 14.7 2.5 27.5 1.3 320

Leisure 41.5 24.3 10.3 6.3 15.4 2.2 272

Commuting 52.8 19.4 11.1 4.6 11.1 0.9 108

Other 53.9 26.9 7.7 0.0 11.5 0.0 26

Gender Male 46.9 16.2 12.2 2.7 20.1 2.0 452
Female 39.8 21.9 11.5 6.5 19.7 0.7 279

Age Young age <30 46.2 22.8 8.8 4.8 15.4 2.1 377

Middle age 31-50 43.2 12.7 15.6 2.2 25.4 1.0 315

Old age >50 30.2 18.6 18.6 11.6 20.9 0.0 43

Educational level High school or lower 34.6 24.6 13.0 4.3 20.9 2.7 301

Undergraduate 50.9 14.2 10.8 3.4 19.8 0.9 324

Graduate 49.1 12.7 14.6 5.5 18.2 0.0 110

Monthly income <750 euro 40.8 26.6 9.9 4.9 15.9 1.9 365

750-1250 euro 47.3 11.5 14.9 2.7 22.3 1.4 148

> 1250 euro 47.2 7.1 15.2 3.6 25.9 1.0 197

Access time to 
stations

<30 minutes 39.2 15.7 15.4 4.2 22.7 2.8 286

31-60 minutes 47.9 19.3 11.4 1.8 19.6 0.0 326

>60 minutes 47.1 21.9 7.6 9.2 11.8 2.5 119

Location of HSR 
stations

Center 41.6 19.5 12.9 3.8 20.4 1.9 534
Suburb 51.0 14.8 10.7 5.1 17.9 0.5 196

6.4.2. Egress stage

In general, the subway is the major egress mode choice and the share of 
walking/cycling and other in the egress stage is as low as in the access stage 
(the distance from city centers to the arrival station is 10.1 km). Here, we only 
mention the remarkable differences compared to the access stage. Concerning 
travel purpose, different from the access stage, business travelers prefer the 
taxi to the subway while leisure travelers prefer the taxi to the bus. Regarding 
education level, with increasing education, the share of subway use as an 
egress mode increases. As to the station in the city center, different from the 
access stage, there is a lower share of bus and car use but a higher share of taxi 
use for travelers egressing stations in urban areas versus the suburbs.
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Table 6.2 Descriptive results of egress stage

Subway
(%)

Bus
(%)

Car
(%)

Walking/
Bicycle (%)

Taxi
(%)

Others
(%)

Total 
cases

Total share 33.0 28.6 9.5 3.9 32.4 2.0 736

Travel purpose Business 33.0 12.2 9.4 2.8 40.5 2.2 321
Leisure 30.2 24.6 8.8 4.8 29.0 2.6 272
Commuting 37.0 24.1 13.9 6.5 16.7 1.9 108
Other 38.5 19.2 3.9 0.0 34.6 3.9 26

Gender Male 33.6 18.8 9.1 3.5 32.7 2.2 452
Female 32.5 18.6 10.0 4.6 31.8 2.5 280

Age Young age <30 32.0 24.3 7.9 4.5 28.3 2.9 378
Middle age 31-50 34.9 12.1 10.8 2.9 37.8 1.6 315
Old age >50 32.6 14.0 14.0 7.0 30.2 2.3 43

Educational level High school or lower 30.8 25.2 9.6 3.6 27.5 3.3 302
Undergraduate 32.1 14.8 10.2 3.7 37.0 2.2 324
Graduate 43.6 11.8 7.3 5.5 31.8 0.0 110

Monthly income <750 euro 33.1 27.3 6.8 4.6 26.5 1.6 366
750-1250 euro 37.4 12.2 10.2 2.0 33.3 4.8 147
> 1250 euro 31.8 6.1 14.1 3.5 42.9 1.5 198

Egress time from 
stations

<30 minutes 28.9 16.7 12.1 6.3 34.3 1.7 239
31-60 minutes 36.6 18.0 9.4 1.4 31.6 3.1 361
>60 minutes 32.6 24.8 5.4 4.7 31.0 1.6 129

Location of HSR 
stations

Center 31.2 18.1 9.3 4.1 35.5 1.9 420
Suburb 36.5 19.0 10.0 3.9 27.7 2.9 310

6.5. Access and Egress Mode Choice Models

The travel mode categories of walking/cycling and other are not included in the 
multivariate analysis since they are not the major transport modes travelers 
choose to access and egress stations. Thus, four categories are used in the 
multivariate analysis (i.e., subway, bus, taxi, and car) where the car serves as 
the reference category in the multinomial logit model. Commuting and other 
travel purposes are not included in the MNL regression since the sample size 
is too small. For each of the journey purposes (business and leisure), two final 
models are presented in Tables 6.3 and 6.4, respectively. 
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6.5.1. Business travel

Access stage
Among the socio-demographic variables, age and monthly income have 
significant influence on the access mode choice. Older business travelers show 
an increased propensity to use the car rather than the subway. The results 
seem to support the conclusion from Europe and the US that among seniors, 
PT is not a popular travel mode for intra-city trips (Schwanen et al., 2001), but 
they contradict the conclusion from China that elderly people are more likely 
to travel by PT than by private car in the city of Nanjing (Feng, 2017). This 
finding might be related to the differences in composition of the elderly groups 
in our research. Older HSR business travelers in China are normally senior 
staff members who have chauffeuring services for their non-recurrent HSR 
non-daily travel versus normal elderly people who have retired. Furthermore, 
higher income business travelers are characterized by less use of buses than 
cars because of the higher monetary cost associated with car use. 

Compared to business travelers with access time of less than 30 minutes, those 
who have access time longer than 60 minutes are less likely to choose the car. 
As mentioned earlier, HSR travelers will accept a slower travel mode for longer 
access time because of being less sensitive to access time than monetary cost 
(Wen et al., 2012). However, it is important to note that our analysis reflects 
associations between access time and travel mode choice rather than clear 
causal relationships between them. The causality might also be the other way 
around, which means that given a certain access distance, the increase in 
subway use instead of car use may allow for longer access time. Furthermore, 
when line-haul time is extended, the probability of using the car increases. This 
might relate to the time-space constraints imposed on inter-city HSR travelers 
who are willing to control the total travel time (access + line haul + egress) 
(Krygsman et al., 2004). A longer line-haul time means business travelers are 
less inclined to accept longer intra-city travel time to save total travel time. 
Also, the high time costs of intra-city trips may limit the acceptability of low-
speed PT modes in cities, especially for business travel (Scheiner, 2010a). In 
China, taking a bus without an exclusive right-of-way is rather slow on routes 
with high traffic volumes (Pan et al., 2009). Thus, with increasing line-haul time, 
travelers will likely prefer the fastest mode, car driving, in the access stage.

Compared to socio-economic and trip characteristics, built-environment 
variables show less significant impacts on mode choice in the access stage 
because of a less fixed trip trajectory from home or office locations to departure 
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stations for business travelers. However, the location of HSR stations seems 
to be an important factor since business travelers show a high propensity to 
use the car rather than the bus to reach HSR stations in urban areas. This is 
in contrast to our expectation that people will access urban areas by PT. This 
result might be because business travelers who live in the outskirts and access 
stations in high-density urban areas are less likely to use the bus because of 
high traffic volumes that slow down buses’ travel speed. Moreover, since the 
question about travelers’ mode choice in the survey asks about their habitually 
used mode, subjective factors such as habit and familiarity with driving by car 
may provide business travelers with psychological value (e.g., reduced sterss, 
higher convenience) (Sheller and Urry, 2000; Klöckner and Blöbaum, 2010). 
Therefore, business travelers with high space-time fixity might still choose to 
drive by car, especially on familiar routes in the access stage. 

Egress stage 
Of the socio-demographic variables, only income has a strong relationship 
with the egress mode choice. With increasing income, business travelers show 
a higher probability of using the car than any other mode, which is similar to 
the access stage. 

Trip characteristics variables have weak relationships with the egress mode 
choice compared to the access mode choice. For instance, the impact of egress 
time is not statistically significant on the egress mode choice compared to that 
of access time. Furthermore, with increasing line-haul time, business travelers 
show a high propensity for using the car rather than the bus. As in the access 
stage, the reason may be that business travelers who are sensitive to the total 
time cost and unfamiliar with the traffic conditions in the arrival city try to 
reduce the egress time cost by using a company car and driver at a fast travel 
speed if the destination is far away from stations. 

In comparison to the access stage, generally, built-environment factors are 
much more significantly related to the egress mode choice. Perhaps obligatory 
business passengers who are highly constrained by space-time fixity are 
more influenced by the built-environment factors, especially in a fixed trip 
trajectory from stations to destinations in the egress stage. With increasing 
urban population density in arrival cities, business travelers tend to use the 
subway for egress. This is logical and consistent with many existing studies 
reporting that high population density shortens travel, enables taking public 
transit, and reduces private car dependency (Feng et al., 2014; Scheiner, 2010a; 
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Sun et al., 2017). In addition, when business travelers arrive at HSR stations 
with increasing numbers of subway lines and road/street intersections within 
a certain area, they are less likely to choose egress by car than by subway. It 
is reasonable to see that increasing the number of subway line connections 
in the arrival HSR stations will induce higher use of subways since a transit-
oriented and public transport-friendly development around the origin of a trip 
encourages taking public transit (Pan et al., 2009; Zhang, 2004). In addition, 
consistent with Zhang (2004) and Sun et al. (2017), we showed that increasing 
the number of road intersections around HSR station origins significantly 
diminishes the probability of car use for egress because of the complex and 
crowded driving environment.  

6.5.2. Leisure travel

Access stage
Different from business travelers, socio-economic variables of leisure travelers 
have no impact on the access mode choice, likely because the more fixed trip 
trajectory from home to departure stations in the access stage weakens the 
impacts of socio-economic characteristics of leisure travelers to a large extent. 

Concerning trip characteristics, compared to access time less than 30 minutes, 
access time between 30 and 60 minutes leads to a higher possibility of choosing 
the subway or to a lesser extent the bus over the car, and access time longer than 
60 minutes induces a choice for only the bus over the car. As mentioned earlier, 
no clear causal relationship exists between access time and mode choice. A 
longer access time for leisure travel may be associated with an increase of 
bus use for a certain distance from homes to departure stations. Compared to 
business travelers using the subway with higher speed, this indicates that, for 
a given access distance, leisure travelers are more willing to accept a slower 
PT mode with longer access time. This result confirms our expectation and 
might indicate that, compared to obligatory business travelers, discretionary 
leisure travelers are less sensitive to the extra time cost caused by low-speed 
transport for long distance intra-city travel (Farag and Lyons, 2012; Feng, 2017; 
Scheiner, 2010b). In line with this explanation, line-haul time does not have any 
impact on leisure travelers’ access mode choice. 

In terms of built-environment variables, when leisure travelers access HSR 
stations located in urban areas, they are more likely to drive a car (or be driven 
as car passengers) than to take the subway. Furthermore, with increasing 
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urban population density, leisure travelers are more likely to use a car than 
PT. Both results are inconsistent with the previous findings suggesting that 
the increasing population density in urban areas reduces the dependency on 
car use (Feng et al., 2014; Scheiner, 2010a; Sun et al., 2017). Two reasons may 
contribute to this result. One is that PT modes accessing HSR stations in a 
dense and mixed environment are quite crowded for leisure travelers carrying 
a lot of luggage so they are willing to choose car driving for their convenience. 
Another re China, with people’s increasing purchasing power, driving a car as 
a habitual behavior is considered a symbol of social status rather than only 
a convenient and time-saving way of transport, especially for traveling with 
relatives and friends (Wang and Lin, 2014; Ye and Titheridge, 2017). Different 
from the access stage of business travel, increasing the number of subway 
lines and road/street intersections around departure HSR stations would 
induce less car use. Actually, in the access stage, leisure travelers may travel 
in a more fixed trip trajectory from home to departure station than business 
travelers so that the built-environment conditions around departure stations 
have a significant impact on the mode choice. 

Egress stage
Compared to the access stage and in contrast to business journeys, socio-
demographic variables are strongly related to the intra-city mode choice 
for leisure journeys. This means that discretionary leisure travelers are not 
influenced by highly fixed time-space constraints imposed by trip characteristics 
and built-environment factors in the egress stage since they have more 
choices of hotel and tourism destinations and experience more flexibility for 
their recreational activities in arrival cities. Age, education, and income levels 
influence the egress mode choice. Compared to leisure travelers younger than 
30, those older than 50 prefer friends or relatives’ cars to the subway. This might 
be the result of aging people’s declining physical condition combined with the 
need to carry luggage for their non-daily leisure travel. Also, compared to leisure 
travelers whose income is less than 750 euro per month, those with an income 
greater than 1250 euro prefer the car to PT. The results suggest that, compared 
to PT modes, car driving is the most convenient mode and is preferred by 
older and wealthier leisure travelers for their recreational activities, especially 
because the destination location choices of leisure travel tend to be spatially 
more irregular and idiosyncratic than for other kinds of travel in the arrival city 
(Ettema and Schwanen, 2012; Limtanakool et al., 2006). Compared to travelers 
with lower education, those with higher education are more likely to use the 
subway than the car. That is likely a result of the complicated subway signage 
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system and multiple entries and exits in public transit stations in China (Jiang 
et al., 2009), which implies more difficult subway use for leisure travelers with 
lower education, especially in the unfamiliar egress stage.

Concerning trip characteristics, egress time variables for both business and 
leisure travel are not statistically related to mode choice. This means that 
neither type of traveler is sensitive to the egress time. Furthermore, line-haul 
time does not have any impact on the egress mode choice for leisure travelers. 
This further confirms that leisure travelers are not sensitive to the line-haul 
time cost compared to business travelers, which is also reflected in the access 
stage.  

In terms of built-environment variables, different from the access stage, no 
relationship exists between built-environment attributes and the egress 
mode choice. One reason may be that, in the arrival cities, leisure travelers’ 
recreational activities are not highly constrained by space-time fixity. Therefore, 
these travelers are free to choose whether, when, and where to perform their 
recreational activities (Ettema and Schwanen, 2012; Wang, 2015).

6.6. Conclusions and discussion

This paper starts with the observation that limited knowledge exists regarding 
the intra-city mode choice of HSR travelers in China. By employing data from 
a survey conducted by Fudan University, we have investigated the question of 
how socio-demographics, trip characteristics, and built-environment attributes 
affect the access/egress mode choice for HSR trips and how their role varies 
across journey purposes: business or leisure. 

The analysis confirmed our hypothesis that walking and cycling are not the 
major access/egress modes given the relatively long distances to/from HSR 
stations in China. That differs from local PT (Zhao and Li, 2017) and conventional 
railways (Krygsman et al., 2004) where walking and cycling have a large 
share in the access/egress stage, due in part to the higher density of local PT 
and the location of conventional railway stations in urban areas. Although 
the decision to plan HSR stations in the suburbs is reasonably attributable 
to cheaper land acquisition and a new town development strategy (Chen & 
Wei, 2013), undeveloped areas around HSR stations without specific urban 
functions imply a rather long travel distance from travelers’ home origins in 
the access stage or to their final activity destinations in the egress stage, which 
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to a large extent limits the use of active transport for HSR travel. Furthermore, 
in contrast to previous findings (Scheiner, 2010a; Feng et al., 2014), the urban 
form at the macro level indicates that, in the access stage, business and leisure 
travelers choose car driving to stations in urban areas with high density. This 
might be the result of car driving’s (versus bus travel’s) higher travel speed for 
time-sensitive business travelers and its higher convenience than crowded PT 
for leisure travelers with a lot of luggage, respectively, in densely populated 
environments. In addition, HSR travelers’ dependence on cars to get from their 
homes to stations may be strongly associated with their habitual behaviors 
and a demonstration of social status. Unfortunately, data on subjective lifestyle 
orientations are not included in the survey. However, increasing the provision 
of PT (especially subway lines) and the number of road intersections at the 
micro level will induce less car use for leisure travelers in the access stage and 
for business travelers in the egress stage because leisure travelers are more 
spatially constrained by a fixed trajectory from home locations to stations in 
the access stage and business travelers are more constrained from stations to 
destinations in the egress stage. 

Our results also demonstrate that age, income, and education, as traditionally 
important factors in mode choice (Stronegger et al., 2010; Limtanakool et 
al., 2006), are also important determinants for HSR travelers’ access/egress 
mode choices. The finding reflects a typical situation in current China where 
richer and older HSR travelers strongly depend on car use. Gender is of less 
importance, which reflects a decreasing difference between men and women’s 
travel patterns due to increasing education among women and a general 
emancipation of society (Feng et al., 2017). Also, the weights associated with 
the two determinant variables (age and income) vary across journey purposes 
and intra-city stages. In particular, we found that for leisure travel (versus 
business travel), the explanatory power of the socio-demographic variables 
is much more influential in the egress than in the access stage because 
discretionary leisure travelers are less constrained by space-time fixity and 
have more destination choices and flexibility in their recreational activities in 
the egress stage.  

Our analysis further confirms that consistent with the findings that conventional 
train travelers weigh access more than egress because of greater familiarity 
with the transport alternatives in the access than egress stage (Allard and 
Moura, 2016; Krygsman et al., 2004), the access time rather than egress time 
is significantly related to the intra-city mode choice for both business and 
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leisure HSR travelers. Nevertherless, trip attributes have more impacts on the 
intra-city mode choice for business travel than leisure travel because business 
travelers are more time sensitive than leisure travelers. Regarding the strong 
correlation between the use of public access mode and increased access time, 
business travelers may be enticed to shift to a faster form (subway rather than 
bus) in the access stage for a given access distance. However, with increasing 
line-haul time, only business travelers have a stronger preference for car use 
as their intra-city mode choice for business activities. 

These conclusions have implications for the transit-oriented development 
(TOD) of HSR rail-served cities in China with respect to social and environmental 
problems such as traffic congestion and air pollution caused by the monocentric 
and auto-oriented urban development. In the long run, regarding de facto 
locations of most HSR stations in the suburbs, an efficient transformation of 
areas around newly built HSR stations into functional urban centers is crucial 
for a polycentric urban form that benefits the use of active transport modes. 
Otherwise, travelers still need to travel a long access/egress distance by non-
active transport modes. With fast-increasing wealth but also a severe aging 
population in China, it is important to recognize that car use will continue 
to rise in the future without appropriate interventions from the government. 
Therefore, in the short run, apart from stringent and unpopular policies that 
prevent car ownership or usage, our research suggests that increasing the 
provision of subway lines and road intersections around the HSR stations 
can not only develop a highly public-transport accessible TOD but also a car-
unfriendly environment with rather low travel speed for car drivers. That is 
an efficient solution to reduce car dependence for the major travel groups 
(business travelers in the egress stage and lesiure travelers in the access stage) 
for a sustainable multimodal HSR journey.
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7.1. Introduction

Even though information and communication technologies (ICTs) 
overwhelmingly facilitate instant communication, face-to-face corporeal 
interactions are still important in the contemporary world (Bertolini and Dijst, 
2003). The appearance of HSR tends to reduce human beings’ travel cost 
in time and to extend the interacting economic and social relationships of 
cities on a larger spatial scale (Givoni, 2006; Hall, 2013). As a consequence, 
the components of urban networks (nodes, linkages and flows) (Batten, 1995; 
Meijers, 2005) will be influenced by HSR networks. In the past ten years, 
Chinese HSR networks have been developed intensively and in parallel with 
a fast urbanisation process. Due to differences in, economic, cultural, political 
and institutional situations, the relationships between HSR and urban networks 
in China may differ from the cases in other HSR countries. Therefore, the focus 
of this dissertation is to delve into the interacting relationships between HSR 
networks and the relevant components of urban networks.

At this moment, research on the configurations of urban systems by 
transportation flows largely depends on time schedule data rather than 
passenger flow data. Analyses of passenger flows is highly relevant for 
characterising the configurations of urban networks connected by transportation 
networks because research can reflect the actual travel demand between cities 
connected by HSR networks. Such analyses will provide an understanding 
of the interacting relationships between HSR and urban networks from the 
demand side, especially regarding the spatial concentration and dispersal 
effects of HSR networks.

Furthermore, as transportation linkages, both HSR and airlines can interact 
with urban networks and with each other. Even so, the configurations of urban 
systems in the two transportation networks may differ significantly from each 
other regarding their network characteristics. However, the urban systems 
related to both transportation networks have not yet been studied from the 
perspective of passenger flows. A different configuration of urban systems 
in both HSR and airline networks can support future spatial planning of both 
networks to more effectively connect suitable cities. Moreover, HSR has diverse 
substitution effects on air travel demand at different travel distances (Janic, 
2003; Zheng and Kahn, 2013). Ex-post research on that, compared to ex-ante 
research, will provide an understanding of the actual induced demand for HSR 
and mode substitution between HSR and airlines after the operation of HSR 
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services in China.

Insight into HSR travelers’ intra-city travel behaviour, especially access/egress 
mode choice, is an important step towards efficient interoperation between 
HSR and other urban transportation modes. Nevertheless, little is known about 
the determinants of access/egress mode choice of HSR travelers. The literature 
of travel behaviour research tends to concentrate on intra-city mode choice 
to/from conventional public transportation terminals. Similar types of socio-
demographics, travel characteristics and built environment attributes can be 
expected to influence access/egress travel behaviour to/from both HSR and 
conventional public transportation terminals. Nevertheless, the specific impacts 
of each factor and the time-space constraints are not necessarily the same for 
HSR and conventional public transportation travelers, given the non-daily long 
distance of HSR trips compared to daily local public transportation trips and 
the relatively high monetary but low time costs of HSR travel compared to the 
inter-city bus or conventional railway (Liu and Kesteloot, 2015). 

Those findings are pertinent to the development of HSR networks in China and 
other HSR countries that plan to develop HSR networks on a large scale. To 
achieve this aim, the following five research questions are addressed:

i. What are the relationships between HSR networks and the structure 
of Chinese urban networks?

ii. What are the differences between HSR time schedule and passenger 
flow data in characterising the structure of Chinese urban systems?

iii. What are the differences in the configuration of urban systems for HSR 
and airline transportation networks in China?

iv. What are the ex-post impacts of HSR travel on air passenger flows in 
China?  

v. What is the impact of socio-demographics, trip characteristics of HSR 
passengers and built environment attributes on the access/egress 
mode choice to/from HSR stations?

The previous five chapters are based on international peer-reviewed papers 
that address the five questions above. In this chapter, the main empirical 
results are summarised and followed by reflections on the findings, theoretical 
considerations and methodological applications. The chapter ends with a 
discussion of the implications of the results for future spatial planning of HSR 
networks in China
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7.2. Main findings 

This section summarises the findings for the individual research questions of 
the previous chapters. 

i. What are the relationships between HSR networks and the structure 
of Chinese urban networks?

As the largest such network in the world, the current Chinese HSR network has a 
comprehensive structure with features of both the Japanese exclusive corridor 
and the European hybrid network (Perl and Goetz, 2015). In the meantime, 
China’s urbanisation rate is much faster than that of any other country in 
the world (Chen, 2012). The comprehensive HSR system may have spatial 
dispersal and concentration effects on urban networks. A useful theoretical 
and methodological framework to describe and understand  configurations of 
urban networks (monocentric or polycentric) is provided by Limtanakool et al. 
(2007). In existing studies, urban networks are largely based on time schedule 
flows. Studies on urban networks using passenger flows are scarce. In Chapter 
2, the configurations of urban networks are identified by the centrality of 
cities, the  connectivity of city links and the structure of HSR networks in China 
from the perspective of actual O/D HSR passenger flows, and the resulting 
new configurations of the Chinese urban networks are elucidated on both the 
national and regional scale. 

The results show that on the national scale, the urban networks connected by 
Chinese HSR have a non-hierarchical configuration in 2013, especially in the 
eastern and middle parts of the country. Similar to the findings of Liu et al. 
(2016) that the east coast regions in China reach high levels of polycentricity, 
the Bohai Rim (BR), the Pearl River Delta (PRD) and the Yangzi River Delta (YRD) 
are the most dominant polycentric regions in the national urban networks. This 
reflects that in the middle and eastern regions, especially the three coastal 
regions with higher GDP and population than other regions of China, the 
improved accessibility of cities by HSR networks may to a large extent change 
the passenger travel behaviour for socio-economic activities and facilitate the 
agglomeration economies in multiple dominant cities to form a complementary 
polycentric functional urban network.

Furthermore, Chapter 2 leads to a more detailed understanding of the network 
at the regional level. HSR networks in the BR region tend to have more dispersed 
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effects, leading this region to be more polycentric than the YRD region, which 
differs from Liu et al.’s (2016) observation that the YRD region with the most 
complete HSR network construction and supply of HSR services is the most 
polycentric in China because of using time schedule data. Previous findings 
show that the level of functional polycentricity of the PRD region is relatively 
high due to conventional railway and inter-city bus transportation networks (C. 
Feng et al., 2014). In our research, however, the exclusive HSR corridor within 
the PRD region tends to show a hierarchical structure in the regional urban 
network of the PRD region with its limited number of nodes and links in 2013; 
this finding is compared to the almost fully complete HSR network deployment 
in the YRD and BR regions in 2013.

Overall, the national urban networks connected by comprehensive Chinese 
HSR networks are largely polycentric, especially in the central and eastern 
regions. The three functional regions connected by HSR are the most dominant 
polycentric regions in China and the configuration of BR urban networks is less 
hierarchical than that of the YRD and PRD regions. 

ii. What are the differences between HSR time schedule and passenger 
flow data in characterising the structure of Chinese urban systems?

For reasons of commercial privacy and confidentiality, not all researchers can 
acquire actual passenger flow data from operational transportation companies 
or authorities. As an alternative, they resort to open data sources such as time 
schedule data derived from publicly available time schedules. The rationale for 
time schedule data is that the data say something about carriers’ strategies, 
which are expected to reflect the existing and potential interactions between 
places served from the supply side (Neal, 2014). However, there is no clear 
empirical understanding of how time schedule and passenger flow data differ 
from each other for characterising the configuration of urban networks.  In 
Chapter 3, we report on a comparative study between the HSR time schedule 
and passenger flow data regarding interacting relationships between HSR 
and urban networks. I aim to demonstrate the typical situations of cities and 
city links in which train schedule data cannot serve as relatively good proxies 
for passenger flow data to determine the strength of cities and city links. The 
findings show great differences in the strength of cities and links generated 
using the two different types of flow data. The most determinant indicators for 
explaining the differences in city and link strength are tertiary employment and 
GDP per capita, followed by the cities’ closeness centrality in HSR networks 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 178PDF page: 178PDF page: 178PDF page: 178

Chapter 7 Conclusions and discussion

178

and hub status. 

On the one hand, the strength of first-tier cities in China with high socio-
economic performance and HSR links connecting core cites and major cities 
within regions tends to be underestimated when using time schedule data 
versus passenger flow data. This might be a result of a larger than average 
capacity in trains running to and from these major-tier cities compared with 
lower-tier cities to satisfy the demands of passenger travel. In addition, if these 
major-tier cities are not highly accessible in the HSR network but still serve as 
railway hubs in the conventional railway networks, the link strength identified 
by passenger flow data tends to be underestimated by time schedule data. That 
is a result of an even lower supply of HSR services but with more carriages and 
seats to satisfy a larger travel demand for transit by conventional railways in 
those cities. 

On the other hand, the strength values of city nodes and links with low socio-
economic performance might not be largely overestimated by time schedule 
data. The reason may be related to the low socio-economic performance with 
low travel demand; operational companies correspondingly provide these 
cities with a small supply of HSR services. However, if these city nodes and 
links are highly accessible in HSR networks, their strength values tend to be 
largely overestimated by time schedule data, especially when linked city nodes 
are not hubs in the conventional railway network. This is because the Chinese 
government aims to use the HSR networks to improve the accessibility of 
hub cities in the railway network, especially those with low socio-economic 
performance, to realise the integration of different regions, even with rather 
low travel demand between these cities in the first few years. As a result, based 
on time schedule data, the importance of these city nodes is overestimated 
in the HSR and national urban networks and the concentration effects of HSR 
networks on those cities is not be as strong as the government expected (Wu 
et al., 2014).

iii. What are the differences in the configuration of urban systems for HSR 
and airline transportation networks in China?

In addition to the focus on the comparison of time schedule and passenger 
flow data of HSR networks in China, Chapter 4 reports another comparative 
study on the differential configurations of urban systems connected by both 
HSR and airline networks. We use passenger flow data of both HSR and airline 
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travel in 2013 to reveal the differential centrality of cities and connectivity of 
city links on a national scale for China. Furthermore, we want to understand 
how different city strength and link strength are related to socio-economic 
(GDP, population, administrative level) and geographic factors (distance) and 
how HSR and airline networks are clustered within urban networks.

As Chapter 4 shows, the overall configuration of national urban systems 
in HSR networks differs largely from that in airline networks, although 
some similarities exist. Cities with high socio-economic performance and 
administrative levels are usually dominant in both HSR and airline networks. 
For instance, Beijing, Shanghai and Guangzhou, as the top three dominant 
cities in both HSR and airline networks, reflect their national socio-economic 
and administrative importance in China’s urban systems. However, differences 
also exist in HSR and airline networks. In line with the finding from Chapter 2, 
HSR-dominant cities are centralised mainly in the middle and eastern parts of 
China, whereas airline-dominant cities are evenly distributed over the whole 
country. Moreover, regional connections between the middle and eastern parts 
have been largely facilitated by HSR travel, but the inter-regional connections 
between the western and eastern parts still rely largely on airline travel. China’s 
physical geography and economic structure can explain this difference. On the 
one hand,  many cities are located far away from each other in the sparsely 
populated mountainous areas of the western region that cannot be reached 
easily by surface HSR transportation, in contrast to the cities located in the 
densely populated plains of the eastern region (Chen and Hall, 2012; Jin et al., 
2004). On the other hand, the differences can be further explained by the higher 
sensitivity of city strength in HSR networks for socio-economic performance, 
in contrast to a higher sensitivity of city strength in airline networks for the 
administrative level of cities and average distance to other cities. This is largely 
a consequence of the relatively expensive investments in HSR networks, which 
are more economically and socially justifiable in high-density passenger volume 
areas than in airline networks, even though central governments can decide 
differently for political reasons (de Rus and Nombela, 2007; Dobruszkes et al., 
2017). Typically, in this case, remoter but higher administrative-level cities in 
the non-densely populated western part of China are more reasonably served 
by airlines than by HSR for public service obligations or other governmental 
objectives. Chapter 4 also shows that in terms of community structure, 
compared to airline networks without an obvious pattern of clusters in specific 
regions, cities with dense populations and developed economies along with 
trunk HSR lines tend to be clustered in specific regions.
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iv. What are the ex-post impacts of HSR travel on air passenger flows in 
China?  

In the introduction, we mentioned that transportation linkages interact not only 
with urban networks but also with each other. Chapter 5 expands on Chapter 
4 to understand how HSR travel specifically exerts substitution effects on air 
travel demand with respect to the impacts of the entry of HSR services, duration 
of operating HSR services and travel factors of HSR travel.  

In general, the entry of HSR services leads to a 27% reduction in air travel 
demand in the Chinese aviation market. This is much lower than European 
cases studies with a more than 50% airline seat reduction after the entry of 
HSR services (Albalate et al., 2015). However, after two years of operation in 
China, the substitutive impact of HSR services on air passenger flows tends 
to increase. This is because at the initial stage of HSR development, HSR 
networks were less extensive and integrated and travelers’ awareness of the 
HSR alternative was not high. However, annually, with the fast extension of 
HSR networks in China, the substitution effect on air travel demand has been 
increasing. 

Chapter 5 also clearly separates the impacts of transport variables of HSR travel 
on air travel demand into two different geographic dimensions (temporal and 
spatial). For transport variables (travel time, frequency and ticket fare) of HSR 
travel, the variations can be decided by operational companies according to the 
market with the duration of operating HSR services (temporal dimension) and 
with the specific characteristics of city pairs where HSR competes with airlines 
(spatial dimension). The results show that the variations in frequency of HSR 
trains in the temporal dimension and the travel time of HSR travel in the spatial 
dimension are significant for influencing air travel demand. The frequency 
component in the temporal dimension indicates that HSR can improve its 
competitive position with respect to airlines if the HSR frequency on the route 
is increased. The travel time in the spatial dimension shows that HSR has a 
better competitive position for city pairs with a shorter travel distance by HSR, 
as on these routes airlines have a relatively limited travel time advantage. The 
frequency in the spatial dimension is just the approximation of the economic 
level of city pairs reflecting travel demand. The impact of travel time in the 
temporal dimension is rather limited during the period of analysis (2007-2013). 
In contrast to the findings that HSR ticket fares are elastic with the market share 
in Europe (Behrens & Pels, 2012; Adler et al., 2010), the ticket fares of HSR in 
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both the temporal and spatial dimensions are not strongly related to the air 
passenger flows in China, as a result of the fixed HSR ticket fare mechanism in 
the control of the government.

v. What is the impact of socio-demographic, trip characteristics of HSR 
passengers and built environment attributes on the access/egress 
mode choice to/from HSR stations?

Any public transportation travel includes an access/egress stage before/
after inter-city line haul travel. At this moment, research on these trip stages 
is rather limited compared to the line haul trip stage and is even sparser in 
the case of HSR travel. Regarding the typical characteristics of the location 
of Chinese HSR stations in the suburbs and typical socio-demographic and 
travel characteristics of HSR travellers, this research question tries to provide 
specific answers for this intra-city travel stage from disaggregated research 
in the Yangzi River Delta, the most developed region in China. The results 
in Chapter 6 show that, compared to conventional public transportation, the 
special context of HSR locations in China and characteristics of HSR travellers 
do have a significant influence on the access/egress mode choices. 

First, the subway, in contrast to walking and cycling, is the major access/egress 
mode choice. This result is different from local public transportation (Zhao 
and Li, 2017) and more specifically conventional railways (Krygsman et al., 
2004) where walking and cycling hold a large share in the access/egress stage. 
Furthermore, in the access stage, business and leisure travellers choose car 
driving to stations in urban areas with high density. This might be the result 
of car driving’s (versus bus travel’s) higher travel speed for time-sensitive 
business travellers and its higher convenience than public transportation for 
leisure travellers with a lot of luggage, respectively, in densely populated 
environments. Also, HSR travellers’ dependence on cars to get from their 
homes to stations may be strongly associated with their habitual behaviour 
and demonstration of social status.

Second, as to socio-demographic characteristics of HSR travellers, age, 
income and education are important determinants for HSR travellers’ access/
egress mode choices; this is similar to findings in the general mode choice 
(Limtanakool et al., 2006; Stronegger et al., 2010). However, regarding the two 
intra-city travel stages and travel purposes, for leisure travel (versus business 
travel), the explanatory power of the socio-demographic variables is much more 
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influential in the egress than in the access stage because discretionary leisure 
travelers are less constrained by space-time fixity and have more destination 
choices and flexibility in their recreational activities in the egress stage.

Third, regarding the travel characteristics of HSR travellers, in general the 
access time rather than the egress time is significantly related to the intra-
city mode choice for both business and leisure HSR travelers; this result is 
similar to the findings from studies of conventional public transportation 
in European countries (Allard and Moura, 2016; Krygsman et al., 2004). 
Nevertheless, regarding different travel purposes, trip characteristics of HSR 
travellers have more impacts on the intra-city mode choice for business travel 
than leisure travel through the choice of a faster form of public transportation 
(subway rather than bus) in the access stage for a given access distance. This is 
because business travelers are more time sensitive than leisure travelers. With 
increasing line haul time, only business travellers have a stronger preference 
for car use as their intra-city mode choice for business activities. 

7.3.Reflections

7.3.1. Theoretical and methodological reflections

HSR transportation networks are strongly related to configurations of urban 
networks in China, the largest developing country in the world. The typical 
characteristics of both HSR and urban network development in China display 
some similarities to and differences from other developed HSR countries. The 
insights obtained have raised new research questions which open additional 
avenues for further theoretical implications. Those issues will be discussed in 
the remainder of this section. 

HSR’s functional interaction with cities and city links:  the configuration of 
urban networks connected by HSR networks by means of flow data

With the application of the actual O/D HSR passenger flow data, my research 
has provided a different perspective on the overall configuration of the urban 
system connected by HSR networks, compared to the previous time schedule 
research, especially regarding the differences between passenger and time 
schedule data. From a theoretical point of view, the whole structure of the 
urban networks reflected in passenger flows tends to be more hierarchical 
than that reflected in time schedule data. The reason is that the passenger 
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flow data are related to the actual travel demand between cities rather than the 
supply of transportation services reflected by time schedule data (Neal, 2014). 
This means that my research is more consistent with the actual functional 
configuration of urban networks connected by HSR networks than the time 
schedule from the supply side. Furthermore, the centrality of cities and the 
connectivity of city links in HSR networks reflected by passenger flow data tend 
to differ from that by time schedule data. The large differences found in the city 
and link strengths based on the two types of HSR flow data are strongly related 
to the socio-economic status of city nodes connected by HSR, especially for 
major city nodes with large travel demand. 

Therefore, when analysing the spatial structure of HSR and urban networks 
by means of flows, it is important for urban geographers and transportation 
planners to consider the meaning of the different types of data for the analytical 
results. With regard to the high accessibility of time schedule data, we cannot 
deny the usefulness of the application of time schedule data in characterising 
urban networks. However, note that the limitation of the time schedule data is 
related to missing information on capacity, which leads to the unacceptable 
overestimation or underestimation of the importance of cities and city links 
connected by HSR networks. When analysing the spatial structure of HSR and 
urban networks via the flow approach, it is necessary for experts to consider 
not only the frequency of transportation modes but also, more importantly, 
the capacity of each carriage in the absence of actual passenger flow data. 
This is especially true for cities and regions with high tertiary employment 
and high GDP per capita such as Beijing and Shanghai, and the links between 
them may be largely underestimated by time schedule data. By introducing 
capacity next to frequency of trains, the limitations of time schedule data may 
be compensated. As Liu et al. (2015) mention, with the coming era of big data 
and the updated technology of data mining from the web, specific information 
on time schedule data (the number of passengers purchasing tickets and 
boarding trains) can provide a clearer comparison between passenger flow 
and time schedule data. 

Because in China both HSR and urban networks are still in a fast development 
stage, the study can be extended to examine the long-term impacts of HSR 
networks on urban networks.  Reasonably, the future configuration of urban 
networks may differ significantly from the current configuration when HSR 
network construction has been fully completed. A perspective on the dynamic 
relationship between HSR and urban networks is important to understand 
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the causality between HSR and urban network development. In fact, the 
dynamic relationship between HSR and urban networks has been examined 
extensively based on indicators of accessibility (e.g. weighted travel time, daily 
accessibility and potential value) at the national scale (Cao et al., 2013; Jiao et 
al., 2014; Shaw et al., 2014). The literature on the impacts of HSR networks on 
the configuration of urban networks with respect to the functional relations of 
cities in HSR networks is still limited, with one exception of time schedule flow 
research (Jiao et al., 2017). Regarding the advantage of passenger flow data over 
time schedule data mentioned in Chapter 3, whether the dynamic HSR network 
development contributes to evolution of the configuration of urban networks 
is important to understand, especially by means of longitudinal passenger 
flow data from the actual demand side. In addition, dynamic comparison 
between longitudinal HSR passenger flow data and time schedule flow data 
in characterising the urban networks would provide a view on whether the 
configuration of urban networks from the supply side matches with that from 
the demand side in the long run. 

HSR’s interacting relationships with airline linkages in urban networks 

Regarding the interacting relationships between two high-speed transportation 
networks in the urban network, I have proven that the configuration of urban 
networks in HSR and airline networks and the competitive relationship between 
them for inter-city travel will differ to a large extent, especially regarding the 
different characteristics of HSR and airline networks. 

First,  although research on the functional relationships within urban systems 
is largely based on airline time schedule data (Derudder and Witlox, 2009, 
2005; Smith and Timberlake, 2001; Van Nuffel et al., 2010) and rarely on HSR 
time schedule data (Hall and Pain, 2006; Zhang et al., 2016), to the best of 
our knowledge, no study has compared urban systems in both high-speed 
transportation networks (i.e. HSR and airlines) on the same national scale 
using the same type of passenger flow data. From the perspective of network 
theory, one of the theoretical contributions is that the configuration of urban 
networks in HSR and airline networks shows large differences regarding their 
sensitivities to the socio-economic and geographic attributes of cities. In terms 
of actual travel demand, HSR networks compared to airline networks are 
more focused on connections to cities with high socio-economic performance 
and are more restricted by the geographic distance between linked cities, 
but these differences lead to some critical reflections as well. Note that the 
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differences are largely based on an incomplete construction of HSR networks 
in China where the major cities in the west are not fully connected in HSR 
networks. HSR networks are still in a fast development stage, especially in the 
western part of China. On the airline side, the expansion of low-cost airlines 
in China (Jiang et al., 2017), even though at a controlled rate, may also affect 
the pattern of domestic inter-city travel. Future research, after the HSR and 
airline networks have been fully constructed, could shed light on China’s urban 
systems, especially given that new HSR developments in western China could 
play an important role in bridging China’s and Euro-Asia’s urban systems by 
the Belt and Road Initiatives. 

Second, in terms of specific impacts of HSR travel on air travel demand, a major 
difference between China and HSR countries in Europe is the fast-growing 
potential market for both air and HSR travel in China because of the economic 
growth in Chinese cities and the increasing purchasing power of urban citizens. 
Chapter 5 shows that the impact of the entry of HSR services on the growth 
rate of air travel demand is not as significant as in Europe until after a number 
of years of operating HSR services. Therefore, the theoretical contribution 
from the Chinese case is that the substitution effect of HSR networks in a fast-
growing aviation market (in contrast to the more mature European market) 
is not significant for the growth of air passenger travel, at least at the initial 
stage, until more HSR routes have been opened and awareness of the new 
service among travelers grows. In addition, different from previous research 
that only interprets the transportation variables of HSR in either the temporal 
or spatial dimension, Chapter 5 also demonstrates that the influence of the 
transportation variables varying in the temporal dimension differs from that of 
the variables varying in the spatial dimension. The variations in the frequency 
in the temporal dimension and the travel time in the spatial dimension are 
significant factors in explaining air passenger flows on city pair markets where 
both modes compete. Note that since January 2016 the HSR ticket fares were no 
longer under the full control of the National Development Reform Commission 
(NDRC) (NDRC, 2015). HSR operators have acquired the right to price train seats 
largely based on market demand (e.g. for the Beijing-Shanghai HSR route). 
Thus, in our research the variations in ticket fares of HSR in both the temporal 
and spatial dimensions are not strongly related to the air passenger flows in 
China as a result of the fixed HSR ticket fare mechanism under government 
control between 2007-2013. Future research can investigate how the flexible 
ticket fare influences the intermodal relationships between HSR and airlines in 
both the temporal and spatial dimensions. 
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Intra-city travel of HSR passengers to/from HSR stations in urban networks

HSR travelers and conventional public transportation (PT) travelers have 
different characteristics. Compared to conventional PT travelers, the travel cost 
on inter-city multimodal HSR is higher and the volume of luggage is often 
greater. Based on the results and the literature, Chapter 6 reports that the 
traditional important socio-demographic factors (age, income and education) 
for the access/egress mode choice of conventional PT travelers are crucial 
to explain the access/egress mode choices of HSR travelers. Specifically, 
older and wealthier HSR travelers are more likely to choose the car, a more 
expensive and convenient transport mode, for their intra-city travel because 
of their declining physical condition and higher disposable income. In contrast 
to European cities with good public transportation connections to stations,  it 
is clear that except in major cities, midsize and small cities in China are not 
interested in heavy investments in public transportation (Wang et al., 2013). 
With increasing purchasing power and an aging society in China, it seems 
reasonable to expect that people are more likely to rely on car use in cities 
without good public transportation connectivity to HSR stations. Meanwhile, it 
is likely that the influence of education will diminish due to the rapidly growing 
affluence and individual lifestyles. Regarding the unprecedented scale and 
speed of urban development, additional research at different times to see 
whether those socio-economic factors still have the same influences as before 
will add more information on whether the fast urbanisation in China will lead 
to downgrading the “classic” socio-demographics, as happened in Western 
countries (Feng et al., 2014).

Furthermore, Chapter 6 clearly demonstrates that the influence of socio-
demographics and trip and built environment attributes differs between the 
access and egress stage and between travelers (business vs leisure) with 
different space-time fixity. These findings assist in our understanding of the 
different pictures of HSR travelers’ intra-city travel behaviour at different 
stages and, more importantly, what types of characteristics are relevant to the 
intra-city mode choice. For instance, the egress mode choice of business travel 
tends to be more influenced by built enviornment variables than the access 
stage because HSR travelers have a more fixed trip trajectory from stations to 
the destination ends. However, those differences may also be related to the 
socio-culture settings. In contrast to developed countries where environmental 
concern is an important factor in travel behaviour, people in developing 
countries in general have a strong sense of valuing economic development 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 187PDF page: 187PDF page: 187PDF page: 187

Chapter 7 Conclusions and discussion

187

over the environment (Wang and Lin, 2014). For example, as a result of fast 
urbanisation in China,  more and more people with high purchasing power live 
in the cities and consider driving a car as a symbol of social status rather than 
only a convenient and time-saving method of transport, especially for traveling 
with relatives and friends (Wang and Lin, 2014; Ye and Titheridge, 2017). For 
instance, HSR travellers’ dependence on cars to get from their homes to 
stations in urban centres may also be strongly associated with their habitual 
behaviours and a demonstration of social status. Considering that these life-
oriented elements are expected to have increasing impacts on travel behaviour 
(Ohnmacht et al., 2009; Scheiner, 2010), the discussion about the influence 
of social-cultural settings on travel behaviour of HSR travelers deserves 
more research. In fact, in some travel behaviour research on residential self-
selection, lifestyle and personal attitudes have already been proven to influence 
satisfaction with travel and the general mode choice (Cao et al., 2009; Li et al., 
2017). These insights provide different perspectives on whether the influence 
of subjective variables of HSR travelers on the access/egress mode choice 
differ from that of conventional travelers or even the general mode choice.

7.3.2. Implications for spatial planning policies of HSR networks 

In the past, many HSR countries have tried to use HSR networks to reduce 
barriers between cities (Banister and Givoni, 2013; Givoni, 2006). The Chinese 
government also aims to use the comprehensive HSR network to integrate 
developed and undeveloped regions and to link cities within those regions, 
which will reduce the gaps in economic and social development between these 
cities and give rise to more polycentric regional urban network development 
in China (Yin et al., 2015). The HSR network development has been almost 
completed in the eastern and middle parts of China. It is expected that the 
total HSR length will extend from 19,100 km in 2016 to 30,000 km in 2020 
and most of the new construction will be implemented in the west of China 
(NDRC, 2016). One can imagine that the whole development of Chinese urban 
networks can be facilitated by a fully constructed HSR network in  the near 
future. To realise the better integration of urban networks via HSR networks, 
specific government spatial planning policies of HSR networks are highly 
important for the successful future development of HSR and urban networks, 
especially regarding the interacting relationships between HSR and the 
different components of urban networks at different spatial levels. My policy 
recommendations therefore are geared specifically for the future integration 
of western parts with the middle and eastern parts of China by HSR networks 
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and the planning strategy for the arrangement of HSR travel regarding the 
competitive relationship with air travel at the regional/national level, on the 
one hand, and considerations of built environment planning strategies for HSR 
stations at the local level on the other.

Chapter 2 shows that compared to the eastern parts, the western parts of 
China were less connected in the HSR networks and the PRD region in the east 
was more hierarchical than the other two regions (YRD and BR) in 2013. For 
the future integration of national urban networks and, more importantly, the 
integration of Chinese networks with BRI countries by HSR networks, integration 
of the western and eastern parts of China is crucial because the western parts 
will serve as the gateway between the economically developed eastern parts 
and the BRI countries (Liu and Dunford, 2016). Based on the results of this 
dissertation, certain steps should be taken into account. First, Chapter 2 shows 
that the internal and external integration of the PRD region by HSR networks 
is not as strong as that of the YRD and BR regions in 2013. To realise national 
integration, especially in the southwest (Chongqing, Chengdu, Kunming) and 
southeast parts of China, the Chinese government needs to pay more attention 
to HSR development of the PRD region. Because of the crucial socio-economic 
importance of the PRD region and its proximity to western China compared to 
the YRD and BR,  China’s comprehensive HSR networks cannot succeed without 
this region’s integration with other eastern regions and then western regions. 
Therefore, this region should be integrated more strongly into the national 
HSR connections and development policies to facilitate the interactions among 
cities within and outside the PRD region. Otherwise, the interaction between 
the souteast and the southwest will still largely rely on air travel.  

Second, as shown in Chapter 4, HSR networks compared to airline networks are 
more focused on connections to cities with high socio-economic performance 
and are more restricted by the geographic distance between linked cities. This 
means that the integration of regional urban systems by HSR networks with 
major cities located in proximity to each other rather than farther away is 
important. Compared to the eastern parts of China, the average socio-economic 
performance of western cities in China is lower and the geographic distance 
greater than that of eastern cities (Huggins et al., 2014). Regarding the fact 
that major western cities with high socio-economic performance have been 
connected with major eastern cities via airlines, it would be better to first develop 
those major western cities into air-HSR integrated hub cities and then connect 
them with the smaller cities in proximity to HSR to form a hub-spoke mode for 



518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang518048-L-bw-yang
Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018Processed on: 29-3-2018 PDF page: 189PDF page: 189PDF page: 189PDF page: 189

Chapter 7 Conclusions and discussion

189

the regional connection. Specifically, the integration of Chongqing, Kunming 
and Chengdu by HSR networks, the three major air-HSR cities in the southwest, 
with the smaller cities in proximity is important for the future connection of west 
and east. Furthermore, according to the node-place theory, a city node can only 
be developed prosperously with both good accessibility in the transportation 
network and specific functions for socio-economic activities (Bertolini, 1999). 
This means that HSR is a necessary but not sufficient condition of enhancing 
the level of interaction between cities. As shown in Chapter 3, even though the 
government aims to use HSR networks to connect small cities with low socio-
economic performance by arranging high frequency of HSR trains, the whole 
urban network may be still hierarchical, with spatial concentration effects on 
major cities with better socio-economic performance instead of the dispersal 
effects on small cities. For the future integration of Chinese urban systems 
with BRI countries, if the small cities in the west are only connected with HSR 
networks but without specific economic functions which are complementary 
with the major cities in the west or the BRI countries, to some extent, it will 
exacerbate the spatial and economic disparities rather than contribute to a 
regionally balanced development. Therefore, if the central government aims 
to use HSR networks to contribute to a polycentric urban system in the west of 
China, investing exclusively in HSR network construction is not sufficient. The 
government also needs to consider the development of specific functions in 
the small HSR cities to facilitate the interaction within subsystems consisting 
of major cities located in proximity in the same way as that of YRD and the 
Bohai region. In this case, other measures, which can diversify the economic 
activities to become complementary with each other in a regional system, may 
be required to increase demand for the interaction before the construction of 
HSR takes place. Otherwise, the functional interactions between the west and 
the east of China and between China and other BRI countries will still rely on 
air travel rather than HSR travel.

Moreover, air travel and HSR travel both play an important role in long-distance 
inter-city travel. Compared to air travel, which consumes more electricity and 
produces more CO2 emissions (Givoni, 2007), the use of HSR travel will be 
crucial for improving the environment in China, the largest CO2 emission 
country in the world (Chen et al., 2016). However, note that investment in HSR 
network construction is normally much more expensive than that in airline 
network construction (de Rus and Nombela, 2007). Facing a dilemma between 
environmental and economic concerns, the optimisation of the operation of 
HSR travel and its spatial planning is important for sustainable development in 
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China, not least regarding its different competitive relationships with air travel 
at different travel distances. Based on the results of the competitive relationship 
between HSR and air travel described in Chapter 5, in a short-haul market with 
flight distance less than 600km, HSR operational companies could consider 
increasing the total number of HSR trains and, in particular, the D trains for city 
pairs, which can apply in the routes for intra-regional travel such as the Beijing-
Jinan route in the Bohai Rim and the Hefei-Shanghai route in the Yangzi River 
Delta. In a medium-haul market with flight distance of between 600 and 1100 
km where fierce competition between HSR and air occurs, an increase in the 
frequency and a reduction in the intermediate stops of G train services will 
improve the overall competences of HSR services, for instance, in the major 
corridor, the Beijing-Shanghai route. In a long-haul market with flight distance 
longer than 1100km, HSR operational companies could consider moving from 
a competitive into a cooperative relationship with airline companies by acting 
as spokes for both ends of long-haul travel, as Jiang and Zhang (2014) suggest. 
Indeed, it might be the case that travelers in the cities near major hub cities 
such as Beijing in the Bohai Rim and Guangzhou in the Pearl River Delta can 
access both hub cities rapidly using HSR routes within the short-haul flight 
travel for the next long-haul flight travel between Beijing and Guangzhou. The 
role of HSR in feeding hubs is likely to become even more important in the 
future due to Chinese airport and airspace congestion. 

However, the promotion of the use of HSR for long-distance sustainable travel 
is unlikely to succeed without well-developed access/egress travel to/from HSR 
stations by active and public transportation modes. Nevertheless, in China 
the active transportation mode is not the major access/egress mode choice 
to and from HSR stations because most newly built HSR stations are in the 
suburbs instead of centres. Therefore, the efficient transformation of areas 
around newly built HSR stations into functional urban centres is crucial for a 
polycentric urban form that benefits from the use of active transport modes. 
Otherwise, travelers still need to travel a long access/egress distance by non-
active transport modes. Moreover, based on the results reported in Chapter 
6, increasing the provision of PT (especially subway lines) and the number of 
road intersections around HSR stations can develop not only a highly public-
transport accessible TOD but also a car-unfriendly environment with rather low 
travel speed for car drivers. Considering that an aging and wealthy Chinese 
population will rely on car driving in the future (Wang and Lin, 2014), this is an 
efficient solution to reduce car dependence for HSR travelers for a sustainable 
multimodal HSR journey.
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Summary

Worldwide, High-Speed Railway (HSR) networks have been developed 
intensely over the last few decades, such as Tokyo-Osaka, the first HSR 
corridor in Japan, the TGV in France and the ICE in Germany. HSR has also 
experienced exponential growth in China so that currently China’s HSR 
networks are the largest in the world. Meanwhile, China’s spatial development 
has experienced rapid urbanization. In general, the appearance of HSR tends 
to reduce passenger travel cost in time and to extend the interacting economic 
and social relationships of cities on a larger spatial scale. Therefore, as one 
of the new high-speed transportation linkages in urban networks, HSR could 
strongly interact with other components of urban networks (nodes, links, 
flows) for different functional activities. Three dimensions of these interacting 
relationships can be identified: the configuration of urban networks (city nodes 
and links) in HSR networks, HSR’s interacting relationships with other high-
speed transportation linkages in urban networks, and intra-city travel of HSR 
passengers flows to/from HSR stations in urban networks. 

It is a very typical situation that China’s HSR networks have been developed in 
parallel with a fast urbanization process, especially with the consideration of 
future integration with Euro-Asian urban networks through the Belt and Road 
Initiative (BRI). Due to differences in economic, cultural, political and institutional 
situations, the interacting relationships between HSR and urban networks in 
China may differ from the cases in other HSR countries. Therefore, knowledge 
on the consequences of the interaction between HSR and urban networks 
in China is urgently needed. The relevant answers to the three interactions 
between HSR and urban networks are pertinent to the development of HSR 
networks in China and other HSR countries that plan to develop HSR networks 
on a large scale.

In this research, an empirical analysis is conducted to demonstrate the 
interacting relationships between HSR and the relevant components of urban 
networks in the context of China. The datasets used in this dissertation include 
three main resources: aggregated HSR origin/destination (O/D) flow data, 
aggregated air O/D flow data, and disaggregated HSR passenger survey data. 
With the application of network analysis and regression models (multiple linear 
model, panel model and multinomial logit model), the goal of this research is 
first to understand the relationships between HSR networks, airline networks 
and Chinese urban networks at macro level, and second, to understand the 
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impact of HSR stations on intra-city mode choices at micro level. 

This dissertation has three major theoretical implications regarding three 
dimensions of the interacting relationship between HSR and urban networks. 
First, regarding HSR’s functional interaction with cities and city links, with 
the application of the actual O/D HSR passenger flow data, my research has 
provided a different perspective on the overall configuration of the urban 
system connected by HSR networks, compared to the previous time schedule 
research which is largely based on time schedule data. The whole structure of 
the urban networks reflected in passenger flows tends to be more hierarchical 
than that reflected in time schedule data. Regarding that the passenger flow 
data are related to the actual travel demand between cities rather than the 
supply of transportation services reflected by time schedule data, my results 
are more consistent with the actual functional configuration of urban networks 
connected by HSR networks than the time schedule from the supply side. 
Furthermore, the centrality of cities and the connectivity of city links in HSR 
networks reflected by passenger flow data tend to differ from that by time 
schedule data. The large differences found in the city and link strengths based 
on the two types of HSR flow data are strongly related to the socio-economic 
status of city nodes connected by HSR, especially for major city nodes with 
large travel demand. 

Second, as to HSR’s interacting relationships with airline linkages in urban 
networks, this dissertation has proven that the configuration of urban networks 
in HSR and airline networks and the competitive relationship between them for 
inter-city travel will differ to a large extent, especially regarding the different 
characteristics of HSR and airline networks. Specifically, the configuration of 
urban networks in HSR and airline networks shows large differences regarding 
their sensitivities to the socio-economic and geographic attributes of cities. In 
terms of actual travel demand, HSR networks compared to airline networks are 
more focused on connections to cities with high socio-economic performance 
and are more restricted by the geographic distance between linked cities. 

Third, in terms of intra-city travel of HSR passengers to/from HSR stations in 
urban networks this dissertation proves that HSR travelers and conventional 
public transportation (PT) travelers have different characteristics. The 
traditional important socio-demographic factors (age, income and education) 
for the access/egress mode choice of conventional PT travelers are crucial to 
explain the access/egress mode choices of HSR travelers. The influence of 
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socio-demographics and trip and built environment attributes differs between 
the access and egress stage and between travelers (business versus leisure) 
with different space-time fixity.

This research also sheds light on implications for spatial planning policies 
of HSR networks. The results in this dissertation first confirm that to realise 
national integration, especially in the southwest (Chongqing, Chengdu, 
Kunming) and southeast parts of China, the Chinese government needs to pay 
more attention to HSR development of the Pearl River Delta (PRD) region. This 
region should be integrated more strongly into the national HSR connections 
and development policies to facilitate the interactions among cities within and 
outside the PRD region. 

Second, HSR networks compared to airline networks are more focused on 
connections to major cities with high socio-economic performance (GDP, 
and population) and are more restricted by the geographic distance between 
linked cities. This means that the integration of regional urban systems by HSR 
networks with major cities located in proximity to each other rather than farther 
away is important. It would be better to first develop those major western cities 
such as (Chengdu, Xi’an, Kunming and Chongqing) into air-HSR integrated hub 
cities and then connect them with the smaller cities in proximity to HSR to form 
a hub-spoke mode for the regional connection. 

Third, the optimisation of the operation of HSR travel and its spatial planning 
is important for sustainable development in China, not least regarding its 
different competitive relationships with air travel at different travel distances. 
My results provide three strategies for HSR companies with the choices of an 
increase in HSR services, a reduction of intermediate tops or even considering 
the cooperation with airline companies, especially regarding two threshold 
distances between HSR and airline travel. 

Fourth, the promotion of the use of HSR for long-distance sustainable travel is 
unlikely to succeed without well-developed access/egress travel to/from HSR 
stations by active and public transportation modes. The efficient transformation 
of areas around newly built HSR stations into functional urban centres is crucial 
for a polycentric urban form that benefits from the use of active transport 
modes. Moreover, increasing the provision of PT (especially subway lines) and 
the number of road intersections around HSR stations can develop not only a 
highly public-transport accessible TOD but also a car-unfriendly environment 
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with rather low travel speed for car drivers.

Overall, my research has confirmed that HSR transportation networks are 
strongly related to the components of urban networks in China. The insights 
obtained have raised new research questions which open additional avenues 
for further theoretical implications, especially in the light of ongoing discussions 
about the Chinese Belt and Road Initiative. Regarding the advantage of 
passenger flow data over time schedule data mentioned, whether the dynamic 
HSR network development contributes to evolution of the configuration of 
urban networks is important to understand. Furthermore, future research can 
investigate how the flexible ticket fare influences the intermodal relationships 
between HSR and airlines. Moreover, the discussion about the influence of 
social-cultural settings on travel behaviour of HSR travelers deserves more 
research. 
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Samenvatting in het Nederlands

In de laatste decennia zijn wereldwijd netwerken van hogesnelheidslijnen 
(HSL) intensief ontwikkeld, zoals de lijn Tokyo-Osaka, de eerste HSL corridor 
in Japan, en de netwerken van de TGV in Frankrijk en de ICE in Duitsland. 
Ook in China is het HSL netwerk exponentieel gegroeid, zodat China’s HSL 
netwerk op dit moment de grootste in de wereld is. Tegelijkertijd heeft China in 
ruimtelijk opzicht een snelle urbanisatie doorgemaakt. Over het algemeen leidt 
de komst van HSL tot een vermindering van de reiskosten van passagiers in tijd 
gemeten en tot een uitbreiding van economische en sociale interacties tussen 
steden op de hogere ruimtelijke schaal. Door het aanbieden van nieuwe, snelle 
verbindingen binnen stedelijke netwerken, kan HSL sterk interacteren met 
andere componenten van stedelijke netwerken (knooppunten, verbindingen, 
stromen) op het gebied van verschillende functies. Er kunnen drie dimensies 
van deze interacterende relaties worden geïdentificeerd: de configuratie 
van stedelijke netwerken (stedelijke knooppunten en verbindingen) in HSL 
netwerken, de relatie van HSL met andere snelle transportverbindingen in 
stedelijke netwerken, en de reizigersstromen van HSL gebruikers van en naar 
HSL stations in stedelijke netwerken, die zich op stadsniveau afspelen. 

Het is kenmerkend voor China’s HSL netwerken dat zij parallel met het snelle 
urbanisatie proces zijn ontwikkeld, vooral ook vanuit het perspectief van 
toekomstige integratie met de Euraziatische stedelijke netwerken door middel 
van de ‘Belt and Road Initiative’ (BRI). Vanwege verschillen in economische, 
culturele, politieke en institutionele contexten kan de relatie tussen HSL 
en stedelijke netwerken in China verschillen van de situatie in andere HSL 
landen. Daarom is er dringend behoefte aan kennis over de uitkomsten van 
de interactie tussen HSL en stedelijke netwerken in China. Kennis over de drie 
hierboven geïdentificeerde typen relaties tussen HSL en stedelijke netwerken 
is van wezenlijk belang voor de verdere ontwikkeling van HSL netwerken in 
China en andere landen die plannen hebben om HSL op grote schaal toe te 
passen.

In dit onderzoek is een empirische analyse uitgevoerd naar de relaties tussen HSL 
en de relevante componenten van stedelijke netwerken in de Chinese context. 
De volgende databestanden zijn in deze dissertatie gebruikt: geaggregeerde 
HSL reizigersstromen tussen start- en bestemminglocaties, geaggregeerde 
luchtvaart reizigersstromen tussen start- en bestemmingslocaties, en data 
afkomstig uit een survey onder individuele HSL reizigers. Netwerkanalyse en 
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regressiemodellen (multiple linear model, panel model en multinomial logit 
model) zijn uitgevoerd. Het doel van dit onderzoek is allereerst om de relaties 
tussen HSL netwerken, luchtvaartnetwerken en Chinese stedelijke netwerken 
op macroschaal te begrijpen, en ten tweede, om de impact van HSL stations 
op de vervoermiddelenkeuze binnen de stedelijke context op microschaal te 
begrijpen.    

Deze dissertatie identificeert drie belangrijke theoretische implicaties wat betreft 
de drie dimensies van de relaties tussen HSL en stedelijke netwerken. Wat 
betreft de functionele interactie van HSL met steden en stedelijke verbindingen, 
heeft mijn onderzoek allereerst door middel van toepassing van data over HSL 
reizigersstromen tussen start- en bestemmingslocaties een andere perspectief 
geboden op de algemene configuratie van de met HSL verbonden stedelijke 
systemen, vergeleken met eerder onderzoek gebaseerd op tijdsplanning 
data. De gehele structuur van stedelijke netwerken zoals inzichtelijk wordt in 
reizigersstromen lijkt meer hiërarchisch te zijn dan zoals naar voren komt in 
deze tijdsplanning data. Omdat de gegevens over reizigersstromen gebaseerd 
zijn op de werkelijke vervoersvraag tussen steden, in plaats van op het aanbod 
van transportvoorzieningen, zoals het geval is in tijdsplanning data, zijn mijn 
resultaten meer consistent met de feitelijke functionele samenstelling van 
stedelijke netwerken die op HSL netwerken zijn aangesloten. Verder lijkt de 
centraliteit van en de verbindingen tussen steden in HSL netwerken, zoals 
wordt getoond door de reizigersstromen, verschillend te zijn van wat wordt 
getoond door tijdsplanning data. De grote verschillen die zijn gevonden in de 
mate van sterkte van steden en hun verbindingen op basis van deze twee typen 
HSL reizigerstromen data zijn sterk gerelateerd aan de sociaaleconomische 
status van de stedelijke knooppunten die zijn aangesloten op HSL, met name 
voor de belangrijke stedelijke knooppunten met een grote vervoersvraag.  

Ten tweede heeft deze dissertatie, wat betreft de relatie tussen HSL en 
luchtverbindingen in stedelijke netwerken, laten zien dat de samenstelling 
van stedelijke netwerken in HSL en luchtvaart, en de competitieve relatie 
tussen beide in de slag om verplaatsingen tussen steden, in grote mate 
verschilt, vooral wat betreft de verschillende karakteristieken van HSL en 
luchtvaartnetwerken. In het bijzonder laat de samenstelling van stedelijk 
netwerken in HSL en luchtverbindingen grote verschillen zien wanneer het 
aankomt op hun gevoeligheid voor de sociaaleconomische en geografische 
kenmerken van steden. In termen van de feitelijke vervoersvraag zijn HSL 
netwerken, vergeleken met luchtvaartnetwerken, meer gericht op verbindingen 
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tussen steden met een hoger socio-economisch statuur en meer beperkt door 
de geografische afstand tussen steden. 

Ten derde heeft deze dissertatie, wat betreft de reispatronen van HSL reizigers 
van en naar HSL stations binnen de stad, getoond dat HSL reizigers en reizigers 
per conventionele openbaar vervoersmiddelen verschillende kenmerken 
hebben. De sociaaldemografische factoren (leeftijd, inkomen en onderwijs) 
die gewoonlijk belangrijk zijn voor de keuze van reizigers per conventioneel 
openbaar vervoersmiddel voor hun vervoermiddel in voor- en natransport zijn 
ook cruciaal bij de keuze voor het vervoermiddel in voor- en natransport van 
HSL reizigers. De invloed van sociaaldemografische kenmerken en kenmerken 
van de rit en de bebouwde omgeving verschillen voor de fases van voor- en 
natransport en tussen reizigers (zaken versus recreatie) met een verschillende 
tijd-ruimte rigiditeit. 

Dit onderzoek laat ook licht vallen op implicaties voor beleid voor ruimtelijke 
planning van HSL netwerken. Allereerst bevestigen de resultaten van deze 
dissertatie dat de Chinese regering, wanneer zij meer nationale integratie 
wil bereiken, vooral in het zuidwesten (Chongqing, Chengdu, Kunming) en 
zuidoostelijke delen van China, zij meer aandacht moet geven aan de ontwikkeling 
van HSL in de Pearl River Delta (PRD). Deze regio dient sterker geïntegreerd 
te worden in de nationale HSL verbindingen en ontwikkelingsstrategieën die 
bedoeld zijn om interacties tussen steden binnen en buiten de PRD regio te 
faciliteren.  

Ten tweede zijn HSL netwerken, vergeleken met luchtvaartnetwerken, 
meer gericht op verbindingen tussen belangrijke steden met een hoog 
sociaaleconomische statuur (GDP en inwoners) en meer door de geografische 
afstand tussen steden beperkt. Dat betekent dat het bij de integratie van 
regionale stedelijke systemen belangrijker is om te richten op steden die in 
elkaars nabijheid liggen. Het zou beter zijn om eerst de belangrijke westelijke 
steden zoals Chengdu, Xi’an, Kunming en Chongqing te ontwikkelen tot 
geïntegreerde lucht/HSL knooppunten, voordat men overgaat tot het 
ontwikkelen van een hub-spoke structuur rond deze knooppunten waarmee 
kleinere steden in de omgeving verbonden kunnen worden ten behoeve van 
de regionale bereikbaarheid. 

Ten derde is de optimalisatie van de exploitatie van verkeer per HSL en van de 
ruimtelijke planning voor de HSL belangrijk voor de duurzame ontwikkeling 
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in China, niet in de laatste plaats wat betreft de verschillende competitieve 
relaties met de luchtvaart op verschillende reisafstanden. Mijn resultaten 
laten drie strategieën zien voor HSL exploitanten: een verhoging van de HSL 
dienstregeling, het verminderen van het aantal tussengelegen stations, of zelfs 
een samenwerking met luchtvaartmaatschappijen, vooral wanneer het gaat 
om afstanden die de drempel vormen tussen reizen per HSL of luchtvaart.  
Ten vierde is de promotie van het gebruik van HSL voor duurzaam reizen 
over lange afstanden waarschijnlijk niet succesvol zonder goed ontwikkelde 
vormen van voor- en natransport van en naar HSL stations door middel van 
actieve vormen van transport en openbaar vervoermiddelen. Een efficiënte 
transformatie van gebieden rondom nieuwgebouwde HSL stations naar 
functionele stedelijke centra is onmisbaar voor een polycentrische stedelijke 
structuur die profiteert van het gebruik van actieve vormen van transport. 
Bovendien kan door het vergroten van het aanbod van openbaar vervoer 
(vooral metrolijnen) en het vergroten van het aantal wegkruisingen rondom HSL 
stations niet alleen Transit-Oriented Development (TOD) gebieden gecreëerd 
worden, maar ook auto-onvriendelijke omgevingen met lage snelheden voor 
auto’s.    

Alles overziend heeft mijn onderzoek bevestigd dat HSL netwerken sterk zijn 
verbonden met componenten van stedelijke netwerken in China. De inzichten 
die door dit onderzoek verkregen zijn leiden tot nieuwe onderzoeksvragen, die 
nieuwe richtingen voor verdere theoretische verkenningen vormen, vooral 
in het licht van de voortgaande discussies over de Chinese ‘Belt and Road 
Initiative’. Wat betreft het voordeel van data van reizigersstromen ten opzichte 
van tijdsplanning data, zoals eerder genoemd, is het belangrijk nader in te 
gaan op de vraag of de dynamische HSL netwerk ontwikkeling bijdraagt aan 
de ontwikkeling van de samenstelling van stedelijke netwerken. Verder kan 
toekomstig onderzoek bestuderen hoe een flexibele ticketprijs de intermodale 
relatie tussen HSL en luchtvaart kan beïnvloeden. Bovendien verdient de 
discussie over de invloed van de sociaal-culturele omgeving en achtergrond 
op verplaatsingsgedrag van HSL reizigers meer aandacht. 
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