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Abstract. Previous empirical research on urban networks has used data on infra-
structure networks to guesstimate actual inter-city flows. However, with the ex-
ception of recent research on airline networks in the context of the world city 
literature, relatively limited attention has been paid to the degree to which the 
outline of these infrastructure networks reflects the actual flows they undergird. 
This study presents a method to improve our estimation of urban interaction in 
and through infrastructure networks by focusing on the example of passenger 
railways, which is arguably a key potential data source in research on urban net-
works in metropolitan regions. We first review common biases when using infra-
structure networks to approximate actual inter-city flows, after which we present 
an alternative approach that draws on research on operational train scheduling. 
This research has shown that ‘dwell time’ at train stations reflects the length of 
the alighting and boarding process, and we use this insight to estimate actual in-
teraction through the application of a bimodal network projection function. We 
apply our method to the high-speed railway (HSR) network within the Yangtze 
River Delta (YRD) region, discuss the difference between our modelled network 
and the original network, and evaluate its validity through a systemic compari-
son with a benchmark dataset of actual passenger flows.
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1. Introduction

In his groundbreaking book on ‘the rise of the net-
work society’, Castells (1996: 377) examines the new 
spatial logic emerging from the ‘complexity of the 
interaction between technology, society, and space’. 
This new spatial logic, which Castells famously terms 
‘the space of flows’, has three layers: the electron-
ic impulses in networks, the places which consti-
tute the nodes and hubs of the different networks, 
and the spatial organization of people in terms of 
their work, play, and movement. The first layer pro-
vides the material support for the network society, 
i.e. it is the ‘technological infrastructure of informa-
tion systems, telecommunications and transportation 
lines’ (1999: 295) that reflects, determines, supports, 
and/or enables the network society. Although Cas-
tells’ book focuses on the information age and the 
electronic time-sharing practices through space this 
has brought about, his research can be envisaged as 
part of a wider metageographical shift emphasizing 
the importance of ‘networks’ in the organization of 
space. For instance, in urban geography we have seen 
a shift towards ‘urban networks’ as a major analytical 
lens which can understand ‘urban systems’ (e.g. Mei-
jers, 2007; Camagni, Salone, 1993; Zhao et al., 2014).

Based on this general premise, we have seen the 
emergence of a rich empirical literature on the posi-
tion of cities in networks at different scales, ranging 
from ‘world city networks’ at the global scale (e.g. 
Taylor, Derudder, 2015) to urban networks that con-

stitute polycentric metropolitan regions (e.g. Burg-
er et al., 2014). The former literature highlights—in 
spite of its rich diversity—the role of major cities at 
the crossroads of multiple networks. For instance, 
when cast in terms of Castells’ three-layered struc-
ture, the airline networks studied by Smith and Tim-
berlake (2001) and Zook and Brunn (2006) can be 
understood as analyses of a key infrastructural net-
work (the first layer) centered on world cities (the 
second layer) in order to facilitate the movement 
of capital, people, and information (the third lay-
er). Similar observations can be made with respect 
to analyses of Internet backbone networks (Ruther-
ford et al., 2004; Tranos, 2011), logistics networks 
(Ducruet, Notteboom, 2012; O’Connor, 2010), of-
fice networks of firms (Rozenblat, 2010; Derudder 
et al., 2013), or a combination of infrastructures 
(Devriendt et al., 2010; Ducruet et al., 2011).

In strict terms, infrastructure can be thought 
of as the basic physical and organizational struc-
tures and facilities (e.g. ports, buildings, roads, pow-
er supplies) needed for the operation of individual 
organizations and enterprises and/or society and 
the economy at large. However, infrastructure net-
works merely provide a material basis for tangible 
flows; they do not cover these tangible flows as 
such. A good example would be the analysis of 
urban networks through the lens of air traffic 
networks (Derudder, Witlox, 2005; Neal, 2014): 
although data on air traffic networks are wide-
ly used in urban network research (Matsumoto, 
2004; Smith, Timberlake, 2001), in most cases data 
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tend to cover the supply of route structures between 
airports (e.g. the data from International Civil 
Aviation Organisation (ICAO) and International Air 
Transport Association (IATA)). This focus on the 
supply side of infrastructure networks does to some 
degree reflect demand for connectivity between 
city-pairs, especially in an increasingly deregulated 
air travel market, but there are of course major 
intervening effects. The most important one relates 

to the hub-and-spoke organization of global airline 
networks, where many passengers are routed via 
major airports to their destination. This overvaluing 
of ‘major hubs’ reveals that an analysis of supply 
of infrastructure provision does not directly match 
the actual demand or use. Neal (2014) has recently 
demonstrated the effect of this for urban network 
analysis, and prompted him to reveal the structural 
uniqueness of the networks of supply and demand.

Fig. 1. The high-speed railway network within the Yangtze River Delta

Source: Own studies
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To date, however, few studies of urban networks 
have analyzed the parallels and differences be-
tween physical infrastructure networks and the ac-
tual flows they enable. In most cases, the former is 
used as a proxy for the conceptually more meaning-
ful latter. This implies that, in spite of a plethora of 
papers analysing urban networks through the lens 
of infrastructure networks, there remains scope for 
analytical improvement. There are some compara-
tive studies on different layers of urban networks 
that may inform our understanding of their spa-
tial outline (e.g. Taylor et al., 2007; Liu et al., 2012; 
Choi et al., 2006), but in this paper we focus more 
specifically on how data on infrastructure provision 
can be adapted so that it better reflects actual in-
ter-city flows. To this end, we focus on the example 
of rail networks reflecting urban network-forma-
tion at the level of ‘megaregions’ (cf. Harrison, Hoy-
ler, 2015). Previous research on this topic serves to 
clarify our research question. In a recent analysis of 
infrastructure networks in South Asia, Derudder et 
al. (2014) find that cities along transport corridors, 
often defined by road and train networks, are well 
connected. However, this may be an artifact of the 
network lay-out rather than ‘real connectivity’: 
the connectivity of cities located on a connection 
between two major interacting nodes may be vastly 
over-estimated. In the case of the Yangtze River 
Delta, which will be the empirical focus of this pa-
per, this would result in overestimating the connec-
tivity of Wuxi as it is on the Nanjing-Shanghai HSR 
line (which is officially called Huning Inter-city 
Line), granting the Wuxi-Nanjing and Wuxi-Shang-
hai links de facto equal status to the Shanghai-Nan-
jing connection (fig. 1). The purpose of this paper 
is to elaborate a method that would allow for an 
improved guesstimate of inter-city flows based 
on infrastructures. The paper focuses on urban 
networks at lower scales such those in mega-city-
regions and countries, where road and rail networks 
are the key facilitators of inter-city flows.

The remainder of this paper is organized as 
follows. First, we give a brief overview of the 
methods for measuring inter-city interactions 
in railway networks in previous research, and 
survey the deficiencies encountered by the 
proxies of infrastructure networks for actual in-
ter-city interactions in more detail. Following this 
discussion, we focus on setting out an alternative 

approach to approximating passenger flows in rail-
way networks. This is followed by an empirical test 
of this approach by applying it to the HSR network 
within the Yangtze River Delta (YRD) and exam-
ining the difference between our transformed net-
work and the original network. We then evaluate 
the validity of our method through a comparison 
with a benchmark dataset of actual flows of people, 
after which the paper is concluded with an overview 
of our main findings and a discussion of possible 
avenues for further research.

2. Methods for measuring inter-city 
interactions through railway networks

Railways constitute one of the main means for trans-
porting people between cities, and thus play a ma-
jor role in the structuring of inter-city interactions, 
especially at the regional and national level. Within 
the burgeoning literature on inter-city networks 
and spatial interactions, many researchers have thus 
tried to measure inter-city linkages through the lens 
of railway networks (e.g. Luo et al., 2011; Hall et al., 
2006). However, few papers have mapped inter-city 
interactions using a direct measure of the volumes 
of inter-city passenger flows. This can be attribut-
ed to the lack of data on actual traffic volumes 
between train stations. As a consequence, a num-
ber of researchers have resorted to proxy strategies 
for measuring inter-city linkages. Two main solu-
tions have been devised in the context of railway 
networks: (1) measuring the potential for interac-
tions by train, and (2) measuring the volume of 
trains making inter-city connections.

2.1. Interaction potential

Interaction potential can be defined as the conve-
nience and opportunity of inter-city travel through 
rail transport. The most commonly used indicator 
in this respect is travel time, which is often seen as 
an ‘unproductive’ cost (time) (Lyons et al., 2007) in 
a journey influencing potential inter-city interaction 
(see for example, Kramar, Kadi, 2013; Bruinsma, Ri-
etveld, 1993; Murayama, 1994). Similarly, travel dis-
tance or the generalized cost of transport (distance 
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and time) can also be used as an indicator of mea-
suring the possibility of inter-city journeys (see for 
example, Wang et al., 2009; Spence, Linneker, 1994). 
A major obstacle to using this proxy of interaction 
potential is that infrastructures merely enable the 
‘potential’ of inter-city interactions; actual passenger 
volumes are co-determined by the ‘demand’ for 
inter-city interactions and this ‘supply’ of transport 
infrastructures. The ‘demand’ for inter-city travel 
can be attributed to the socio-economic attributes 
of cities and the distance between cities (Davies, 
1979; Krings et al., 2009). Even having convenient 
and efficient transport infrastructures linking to 
each other does not guarantee that two (social or 
economic) proximate cities will also exchange a lot 
of passengers.

A related approach for assessing the potential 
is using a range of combined measures that not 
only reflect the quality of infrastructure networks, 
but also the demand for inter-city linkages. For in-
stance, the indicator of weighted travel time sug-
gested by Gutiérrez (1996; 2001) consists of travel 
times and urban mass which refers to, for example, 
gross domestic product or population. However, the 
‘demand’ for inter-city linkages is using simulation 
approaches rather than more direct measures. Taken 
together, these indices expressing the potential of 
inter-city interaction by train mirror the quality or 
efficiency of train transport infrastructures itself.

2.2. A proxy based on infrastructure volumes

The number of daily or weekly trains has been used 
as a proxy (Derudder et al., 2014; Hall et al., 2006). 
Using this proxy instead of the measurements 
outlined in the previous section has two advantages. 
As the volume of carriages contains more direct 
information of inter-city flows, it seems to be a more 
suitable measure of passenger flows. In addition, the 
information on train numbers can be collected via 
open information platforms of transport companies 
much easier than through other ways such as 
surveys. This proxy also can be viewed as the as-
sessment of transport infrastructures per se, which 
indicates the traffic supply of infrastructure net-
works at the level of carriages.

Using the volume of carriages assumes that 
every train holds similar passenger volumes, which 

is of course is problematic. More importantly, this 
proxy also assumes that the number of trains is 
proportional to the volume of inter-city passengers 
between any pair of cities. This is problematic 
assumption because operationally, train networks 
are organized by chain structures, unlike air travel 
or bus trips where direct non-stop services are 
main organizational forms. A link from an origin 
to a destination produces n(n-1)/2n(n-1)/2  links 
between any pair of stations if there are n stations 
en route. In this case, the most important cities hold 
similar positions with smaller cities that can be found 
on same railway line, although this obviously does 
not conform to the actual distribution of inter-city 
flows of passengers. As a corollary, the volumes of 
passengers of ‘major cities’ tend to be underestimat-
ed, while the roles of ‘small cities’ located on major 
traffic arteries tend to be overstated. Consequently, 
this proxy structurally predetermines a flatter 
structure in the urban hierarchy than warranted.

3. An alternative approach 
to approximating passenger flows 
in railway networks

3.1. Dwell time

Dwell time, the time a train remains in a given 
station, is primarily determined by the number of 
boarding and alighting passengers, as well as some 
extra factors such as passenger behavior, platform 
and vehicle characteristics, and dispatching rules 
(Lin, Wilson, 1992; Wiggenraad, 2001; Jong, Chang, 
2011). It is a key parameter of the capacity and 
performance of operation of trains as insufficient 
dwell time would lead to train delays, while exces-
sive dwell time would result in inefficient operations 
(Jong, Chang, 2011). Dwell time, therefore, is set by 
scientific and efficient principles, which mainly fol-
low the experience of the length of boarding and 
alighting processes from the past. A normal dwell 
time lasts between 2 and 5 minutes, with a dwell 
time of over 5 minutes often implying extraordinary 
dispatching such as coupling, decoupling, and 
meeting occurs in that station.

These underlying principles suggest that there is 
a potential for modelling passenger flows based on 
the corresponding dwell time in a certain station. 
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However, eliminating the influence of extraordinary 
dispatching rules on dwell time is needed: special 
dispatching (e.g. overtaking, meeting, insufficient 
headway) clearly biases the interpretation of dwell 
times, and thus represent outliers. In our research, 
we will adopt the strategy of replacing outliers with 
mean values. This is mainly based upon two con-
siderations: (i) simply deleting outliers would be 
equal to suggesting that trains did not stop in these 
stations, which is obviously unreasonable; and (ii) 
as the cause of producing outliers is known in our 
case, it is possible to replace these outliers using 
reasonable values to eliminate the effect of abnor-
mal dispatching.

After dealing with outliers, the adjusted dwell 
times thus correspond with the time of boarding 
and alighting. According to Jong and Chang’s re-
search (2011), the linear relation between the time 
of passenger flows and the volume of passenger 
flows is statistically significant. We thus introduce 
a dummy parameter ‘r’, which refers to the correla-
tion coefficient between passenger volumes and the 
boarding and alighting time, to simulate the vol-
ume of passenger flows. That is, the volume of pas-
senger flows ‘v’ is dependent on its adjusted dwell 
time ‘t’, so that:

 v = t × r (1)

The stations of origin and destination do not 
have dwell times, albeit that they are often the main 
sources of passengers. To this end, we impose an as-

signed value by setting a relatively reliable boarding 
and alighting time in starting and terminal stations 
for empirical regions. In our case, the HSR net-
work within the Yangtze River Delta region, most 
maximal dwell times (after replacing outliers) are 
around 5 minutes . We posit that the passenger vol-
ume from original or to terminal station resemble 
(or slight exceed) the passenger volume in the larg-
est transit station as a general rule. Thus, we assign 
the dummy dwell time as 3 minutes.

3.2. Approximating passenger flows 
between city-pairs

As our object of research is cities rather than train 
stations, we combine multiple stations into one city 
through summing adjusted dwell times in the case 
of there being multiple stations in a single city. 
From an operational perspective, the distribution 
of passenger flows for a given train that passes ‘n’ 
cities can be summarized by means of an upper tri-
angular matrix as shown in table 1, where ‘vij’ is the 
number of passengers boarding in city ‘i’ and alight-
ing in city ‘j’. In table 1, each row indicates the dis-
tribution of alighting for passengers boarding in city 
‘i’; each column indicates the distribution of board-
ing for passengers alighting in city ‘j’. As a conse-
quence, the sum of each row (Vix) is the number of 
boarding passengers in city ‘i’, and the sum of each 
column (Vxj) is the number of alighting passengers 
in city ‘j’.

Table 1. The distribution of passenger flows for a certain train

Alighting city 
Boarding city City 1 City 2 … City j … City (n-1) City n

City 1 0 v1,2 … v1,j … v1,n-1 v1,n

City 2 0 0 … v2,j … v2,n-1 v2,n

… … … … … … … …
City i 0 0 … vi,j … vi,n-1 vi,n

… … … … … … … …
City (n-1) 0 0 … 0 … 0 vn-1,n

City n 0 0 … 0 … 0 0

Source: Own studies

Following equation (1), passenger volumes in 
city ‘i’ and ‘j’ can be obtained by:

 vix + vxi = vi = ti × r (2)

 vjx + vxj = vj = tj×r (3)
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If we hypothesize that in the course of a day the 
boarding and alighting passengers are equivalent in 
any of the transit cities, then can be formulated as1:

 vix = vxi = vi/2 (4)

 vjx = vxj = vj/2 (5)

To evaluate the number of passengers boarding 
at city ‘i’ and alighting at city ‘j’ (i.e. vij in table 1), 
we first survey the probability of boarding in city 
‘i’ and alighting in city ‘j’ for all passengers. For 
any passenger in the passenger distribution ‘V’, we 
believe that boarding in city ‘i’ and alighting in city 
‘j’ are two mutual independent events. According to 
the rule of the probability of two mutual independent 
events happening together, the probability of 
boarding in city ‘i’ and alighting in city ‘j’ can be 
obtained by multiplying the probability of boarding 
in city ‘i’ by the probability of alighting in city ‘j’. 
As a corollary, we can approximate the number of 
passengers boarding at city ‘i’ and alighting at city 
‘j’ (vi,j) from multiplying the number of boarding 
passengers at city ‘i’ (vix) by the number of alight-
ing passengers at city ‘j’ (vxj):

 vij = α × vix × vxj (6)

where α is a dummy parameter describing the rela-
tion between vij and the product of vix and vxj.

Combining the different equations, vij can be ex-
pressed as the function of dwell times:

 vij = α × r2 × (ti × tj) / 4 (7)

However, for the cities of origin or destination, 
the number of boarding or alighting passengers 
(vox or vxd) is equal to the total passenger volumes 
(v). In these cases, the number of passengers of 
boarding in origin city ‘o’ and alighting in transit 
city ‘i’ (or boarding in transit city ‘i’ and alighting 
in destination city ‘d’) is given by:

 voi = α × r2 × (to × ti) / 2 (8)

 vid = α × r2 × (ti × td) / 2 (9)

Similarly, the number of passengers of boarding 
in origin city ‘o’ and alighting in destination city ‘d’ 
is given by:

 vod = α × r2 × (to × td) (10)

Based on equations (7-10), the volume of in-
ter-city passengers can be obtained in the form of 
multiples of ‘α × r2’. In the next section, we oper-
ationalize this approach by means of a case study.

4. Approximating the flows of high-speed 
railway (HSR) passengers 
within the Yangtze River Delta

4.1. Case region, data 
and transformed network

High-speed railway (HSR) travel plays an important 
role in facilitating individual movements, thus en-
abling the formation of larger labor markets in re-
gions and fostering wholesale regional integration 
(Zheng, Kahn, 2013; Blum et al., 1997; Chen, 2012). 
Since the first HSR2 in China became operational 
in 2007, China’s HSR network has been growing 
rapidly. By the end of 2013, its length reached 
10463 km, constituting the longest HSR network in 
the world. The Yangtze River Delta region is one 
of the main mega-city regions with intensive HSR 
networks, where 22 major cities—54% of the entire 
41 cities within the YRD3 (i.e., Shanghai, Nanjing, 
Hangzhou, Suzhou (Jiangsu), Hefei, Changzhou, 
Wuxi, Zhenjiang, Bengbu, Chuzhou, Huainan, 
Lu’an, Quzhou, Suzhou (Anhui), Xuzhou, Jinhua, 
Ningbo, Huzhou, Shaoxing, Taizhou (Zhejiang), 
Wenzhou and Jiaxing)—are interconnected through 
HSR (fig. 1). Our empirical analysis focuses on the 
passenger flows of HSR among these 22 cities.

Data were gathered from the official website of the 
customer service center of China’s railway (www.12306.
cn). This website offers precise information on train 
operations, which includes prices, transit stations, 
and dwell times. To iron out the possible effects of 
operational fluctuations, we mined the information of 
all HSR trains transiting any city of the YRD region 
on a fixed day (February 24th, 2014). For every train, 
we recorded cities of origin and destination, transit 
cities and their dwell times. The end product that 
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details the situation of transits (dwell times) is a city-
train matrix of 657 trains across the 22 cities. Apply-
ing our method, the transformed inter-city network 

is shown in fig. 2, in which edge thickness reflects the 
flow strength of city-pairs and node size reflects cit-
ies’ volumes of passenger flows.

Fig. 2. The transformed network of passenger flows within the Yangtze River Delta

Source: Own studies

The transformed network only connects cities 
along the HSR network; therefore, only 207 valid 
(nonzero) inter-city connections in terms of HSR 
passenger flows are presented in this network. The 
largest flow is between Shanghai and Nanjing, with 

344 HSR trains operating between them daily; the 
smallest flow is between Changzhou and Quzhou, 
where only two HSR trains operate on a daily basis. 
Parallelling the central corridor of the YRD urban 
agglomerations (Gu et al., 2007), we can observe the 
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geographic concentration of passenger flows along 
the Nanjing-Shanghai-Hangzhou-Ningbo belt, 
where the main HSR lines lie, i.e. Shanghai-Nan-
jing HSR line, Shanghai-Hangzhou HSR line and 
Hangzhou-Ningbo HSR line. In addition, Shanghai, 
Nanjing and Hangzhou emerge as the most con-
nected cities in the network of passenger flows; Su-
zhou (one of the most dynamic cities that attract 
foreign direct investment in YRD (Zhao, Zhang, 
2007)), Ningbo (the main gateway city in the south-
ern part of the YRD) and Hefei (the administra-
tive and economic centre of Anhui province that 
has been looking to join the YRD regional collec-
tive) are three sub-centre nodes of the network of 
passenger flows.

4.2. Comparison 
between the original network generated  
by the proxy of the number of daily trains 
and the transformed network

Our alternative approach is devised to address the 
obstacle of overly flat structures produced by train 
schedule-based methods for assessing urban net-
works. Here, we examine the changes put forward 
by applying the transformation set out in section 3 
by comparing original and transformed networks at 
the level of nodes, linkages, and network structures.

We first offer a direct comparison of cities’ 
degree centralities in both networks (fig. 3). Degree 
centrality is a measure of nodes’ position, which 
represents the (valued) number of passenger flows 
of cities. The first obvious change to note is that 
the degree centralities of a range of cities, which 
can be separated into two categories, seem lower 
in the transformed network. The first category 
is Nanjing, the sub-center city within the YRD. 
There are 444 HSR trains operating across Nanjing 
on a daily basis, which is almost the same as the 
number of HSR trains operating across Shanghai 
(490 per day). However, part of these trains only 
transit across Nanjing, while most of them depart 
from or have their final stop at Shanghai. That 
means Shanghai contributes most of the passen-
gers, whereas Nanjing only contributes part of the 
passengers. In this case, Nanjing’s position in the 
original network is obviously overestimated. The 
other category includes Suzhou (Jiangsu), Wuxi, 

Changzhou, Zhenjiang, Shaoxing, and Xuzhou, 
which are transit cities in main corridors: Suzhou 
(Jiangsu), Wuxi, Changzhou, and Zhenjiang are on 
the Shanghai-Nanjing HSR railway line, Shaoxing 
is on the Hangzhou-Ningbo HSR railway line, and 
Xuzhou is on the Beijing-Shanghai HSR railway 
line (fig. 1). This is consistent with the theoretical 
illustration of over-estimations of the position of 
transit cities in section 2.2. On the other hand there 
are also nodes becoming relatively more important 
in the transformed network. The most dramatic 
change is the higher rankings of Hefei, Ningbo, 
Hangzhou and Wenzhou.

Second, fig. 4, in which edge thickness reflects 
the flow strength of city-pairs, maps the 15 most 
connected city-dyads in the original network as well 
as the transformed network. City-dyads along the 
Nanjing-Shanghai HSR line are the most connected 
city-dyad—with the exception of Shanghai-Hang-
zhou—in the original network (fig. 4a). This reflects 
the fact that any pair of cities along the Shang-
hai-Nanjing HSR line will have similar number of 
inter-city trains. Compared with the pattern of con-
centrating on the Shanghai-Nanjing corridor in the 
original network, the backbone of the transformed 
network (fig. 4b) consists of the key cities along the 
Nanjing-Shanghai-Hangzhou-Ningbo belt, which is 
more consistent with the central corridor of YRD 
urban agglomerations (Gu et al., 2007). More spe-
cifically, the original network tends to overvalue 
inter-city connections, such as Nanjing-Wuxi and 
Shanghai-Zhenjiang, along the Nanjing-Shanghai 
HSR line, but on the other hand there are also in-
ter-city connections that are being undervalued. 
These connections can be divided into two simple 
categories: the connections between Shanghai and 
sub-centers that are not on the Shanghai-Nanjing 
corridor (i.e. Hangzhou, Ningbo and Hefei), and the 
connections between pairs of proximate sub-centers 
(i.e. Nanjing-Hefei, Hangzhou-Ningbo). In  the lat-
ter cases, the dense flows of people between Nanjing 
and Hefei—the closest pair of provincial capitals 
in China—are apparent, especially in the context 
of the regional integration of Yangtze Economic 
Zone. The Hangzhou-Ningbo corridor, along which 
long-running and dynamic peri-urbanization pro-
cess has occured (Webster, Muller, 2002), typifies 
the cooperative pattern of core city (Hangzhou) and 
sub-centre & port city (Ningbo): Ningbo—Hang-
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Fig. 3. Cities’ degree centralities in the original network and the transformed network

Source: Own studies

zhou’s vicinity having more attractive labor, land 
and tax costs—attracts many manufacturing func-
tions to moving from Hangzhou with keeping R&D 
and sales functions in Hangzhou (Webster et al., 
2003); on the other hand, Ningbo’s deep-sea con-
tainer port provides Hangzhou with more wide in-
ternational market and hinterland. This provides 
fundamental bases for the dense inter-city flows be-
tween Hangzhou and Ningbo.

And third and finally, to explore the structural 
difference between both networks, we compare the 
rank-size distributions of cities’ degree centralities. 
The posited flatter structure of the original network 
is indeed shown by the much steeper drop-off in the 
cities’ degree centralities in the transformed network, 
shown in fig. 5. We calculate the integration of rank-
size curve of cities’ degree centralities to measure 

the flat degree of both networks. After normalizing 
cities’ ranks into the interval [0,1], the flattening 
ratio (F) of networks can be calculated as:

 
1

0
( )F L X dX= ∫ F= (11)

where the function Y = L(X) represents the rank-
size curve. The flattening ratio varies between 0 for 
completely even and 1 for completely uneven net-
works. In our measures, the flattening ratio of the 
original network (0.39) is much higher than the 
flattening ratio of the transformed network (0.23): 
more precisely, the flattening ratio of the trans-
formed network has decreased to 60% of the origi-
nal flattening ratio in the case of the HSR network 
within the YRD.
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Fig. 4. The 15 largest inter-city links in the original network and the transformed net-
work (up figure: The original network; down figure: The transformed network)

Source: Own studies
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Fig. 5. The rank-size distributions of cities’ degree centralities in the original network and the transformed network

Source: Own studies

5. A benchmark test using the data 
on Weibo users’ inter-city movements

In order to evaluate the validity of our method, we 
need compare the transformed network to a measure 
of actual flows of people. Due to the difficulty of 
finding a corresponding database of flows of HSR 
passengers, here we utilize a database of Weibo4-us-
ers’ inter-city movements, which represents a specif-
ic part of tangible flows of people. It can be argued 
that the flows of HSR passengers and Weibo-users’ 
inter-city movements have similar characteristics. 
The reason is that they serve relatively similar user 
markets: the market of HSR is mainly oriented to 
business travel and leisure tourism of citizens with 
certain economic means (Wu et al., 2013; also see 

Zheng and Kahn, 2013: ‘poor rural migrants would 
not choose bullet trains’); and most of social media 
users are young adults who have certain econom-
ic capacities that include the use of smartphones. 
Both the collection and subsequent transformation 
of Weibo data follow the methodology developed in 
Zhang et al. (2015); here we summarize the main 
tenets.

Similar to other social media services (such as 
Facebook and Gowalla), Weibo users are allowed 
to share their location through a mobile application 
that is commonly known as a geo-tagged server, thus 
generating massive location records contributed 
by millions users. We transform the geo-tagged 
information into individual travelling trajectories 
by connecting users’ registered place and their 
visited cities. In practice, we employ an Application 
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Programming Interface (API) provided by Weibo 
to crawl all Weibo-users’ travel records submitted 
within the YRD region from March to August 2014. 
This dataset contains 3 million inter-city footprints; 
each record represents a directional inter-city flow 
of a person. Finally, the directional network of 
Weibo users’ flows was converted to an undirected 
one by combining opposite directional links.

By means of a Pearson correlation measure, we 
first compare the similarity between both networks 
(the transformed network and the original network) 
and the benchmark network of Weibo-users’ inter-
city movements in terms of cities’ connectivities. 
The correlation coefficients show that, in gener-
al, there is a more similar relationship between the 
transformed network and the benchmark network 
(r = 0.87 at the 0.001 significance level) which ex-
ceeds the coefficient for the original network 
(r = 0.76 at the 0.001 significance level). We also 
plot the rank-size distribution of cities’ degree cen-
tralities in the Weibo-users’ movements network 
(fig. 5) to compare networks’ structural similarity. 
An intuitive sense is that the curve of the Weibo-
users’ network is closer with the curve of the 
transformed network. We mathematically compute 
the flattening ratio of the Weibo-users’ network 
(0.29), which is indeed closer with the flattening 
ratio (0.23) of the transformed network.

6. Conclusion

The purpose of this paper has above all been 
methodological: we propose to rethink some of the 
discrepancies between physical infrastructure net-
works and actual flows occurring in these networks, 
focusing on the lens of the railway system. We did 
so by (1) assessing some limitations in commonly 
used measures of inter-city rail connections and (2) 
setting out an alternative approach to approximat-
ing passenger flows in railway networks.

Previous empirical research on measuring 
inter-city linkages through the lens of railway 
infrastructures has tended to use proxy strategies, 
where (1) measuring the potential for interactions 
by train and (2) measuring the volume of trains 
making inter-city connections stand out as the 
two main strands due to the lack of data on actual 

passenger flows. However, the method of measuring 
the potential for interactions only mirrors the quality 
or efficiency of train transport infrastructures itself 
rather than considering the ‘direct demand’ for inter-
city linkages. And, the proxy of using the volume of 
trains structurally predetermines a flatter structure 
in the urban hierarchy than warranted.

This research has shown that ‘dwell time’ at 
train stations reflects the length of the alighting 
and boarding process, and we use this insight to 
estimate actual interaction through the application 
of a bimodal network projection function. The em-
pirical application to the high-speed railway (HSR) 
network within the Yangtze River Delta (YRD) re-
gion revealed that the transformed network varies 
from the original network to a large extent: (i) the 
positions of transit cities along main transport cor-
ridors in the YRD urban system are drove down 
while some arguable sub-central cities stand out; (ii) 
inter-city connectivities tend to be more hierarchi-
cal; and (iii) the flattening ratio has decreased to 
60% of the original flattening ratio. Moreover, the 
validity of our method has been evaluated through 
a comparative analysis with Weibo-users’ inter-city 
movements, verifying that the transformed network 
more parallels tangible flows of people.

We believe our paper makes two contributions 
to the literature. The first is to remind researchers 
to re-examine the validity of proxy strategies when 
measuring inter-city transport flows. With the ex-
ception of recent research on airline networks in 
the context of the world city literature, relative-
ly limited attention has been paid to the degree to 
which these infrastructure networks reflect the ac-
tual flows they undergird. In this regard, this article 
offers empirical evidence for the structural deter-
minism of using train networks per se, as these 
tend to result in flatter networks. Second, the cen-
tral contribution of this paper has been to set out 
an alternative method of approximating actual flows 
in railway networks, which permits practical appli-
cations in simulating flows of railway passengers 
in other cases.

Apart from empirical applications in other cases, 
further research issues also include: discussing other 
modes of constructing equations, discovering alter-
native perspectives to approximating actual flows in 
railway networks, investigating the biases between 
the infrastructure provision and corporeal flows in 
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other networks such as Internet backbone and bus 
networks, and studying how data on these infra-
structure operations can be adapted to better reflect 
actual inter-city interactions.

Notes

(1) This hypothesis is, of course, implausible in 
any of the transit cities. However, the opera-
tional logic of trains is vested in there being 
round-trip. In this case, the average volumes 
of boarding and alighting in a daily basis will 
be roughly equal. For easy operationalization, 
we adopt an equal weight for boarding passen-
gers and alighting passengers in every transit 
city for a train.

(2) In the Chinese context, HSR refers to train ser-
vices with an average speed of 200 km/h or 
higher, which include D category trains (high-
speed trains in conventional railways), G Cat-
egory trains (high-speed trains in high-speed 
railways), and C Category trains (short in-
ter-city express trains).

(3) The YRD has various boundaries according 
to different definitions and research purpos-
es. Throughout this paper, we adopt the largest 
scope including Shanghai Municipality, Jiangsu 
Province, Zhejiang Province and Anhui Prov-
ince, which is also in conformity with the ad-
ministrative boundary of the Shanghai Railway 
Bureau.

(4) With more than 212 million monthly active us-
ers and 93 million daily active users (see http://
goo.gl/ovGvYO), Weibo is the most mainstream 
social media in China.
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