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Abstract: The concept of transit-oriented development (TOD) has been widely recognized in recent
years for its role in reducing car traffic, improving public transportation, and enhancing traffic
sustainability. This paper conducts empirical research on a developed rail transit network, using
Shanghai as a case study. In addition to traditional TOD features, other factors based on urban rail
transit are introduced, including multi-level modeling (MLM), which is used to analyze the possible
factors influencing rail patronage. To avoid the bias of research results led by the correlation
between independent variables, factors are divided into two levels. The first level includes three
groups of variables: the built environment, station characteristics, and socioeconomic and
demographic characteristics. The second level includes a set of variables which are regional
characteristics. Results show that the most significant impact on train patronage is station location
in the business district area. Other factors that have a positive effect on promoting rail transit travel
include the number of service facilities around the station, degree of employment around the station,
economic level, intensity of residential development, if the station is a transfer station, the operating
period of the station, and the size of the large transportation hub around the station.
Key Words: Urban rail transit; TOD; Multi-level modeling
1. Introduction
The social and environmental problems created by the rapid growth in automobile use, and
methods to reduce car dependency have received much attention from the academic community.
Encouraging high-load, environmentally friendly public transportation is an important policy
measure to reduce car use. Methods to promote the use of urban rail transit, a foundation of the
urban public transportation system, have also attracted much interest.
Over the past decade, transit-oriented development (TOD) has been widely recognized and
promoted as a sustainable urban development model [1-5]. The TOD model integrates both land use
and transportation development, and can be applied to high-density, mixed land use, and slowmoving development around stations to improve public transportation and reduce the use of cars.
The two main types of public transportation stations are ground bus stations and rail transit
stations. Most existing TOD research is focused on land use elements around the bus stations,
however, the characteristics of rail transit are very different in terms of passenger capacity, operating
speed, and distance between stations.
The influencing factors of urban rail transit travel are complicated and thus it is inadequate to
focus solely on the land use level. The purpose of this study is to expand TOD development model
elements to rail transit sites. This is not only valuable for effectively increasing rail traffic and
reducing car traffic, but will have a significant impact on urban planning, land development, and
transportation planning.
In addition to traditional land use, this study focuses on the factors that may have an impact
on the patronage of rail transit based on rail stations. These factors include the characteristics of the
region where the stations are located, the characteristics of the stations, competition from other
modes of transportation, and socioeconomic and demographic characteristics.
Shanghai is one of the most prosperous cities in Asia and worldwide. The city’s urban rail
transit network has the longest operating mileage in the world and large-scale traffic passenger
volume. Rail transit is the foundation framework of the comprehensive transportation system in
Shanghai. In 2017, the average daily patronage of Shanghai Metro was 9,693,300, and total
patronage reached 3.538 billion. By 2018, there were 16 rail transit lines in Shanghai, with a total
of 393 stations, mileage of 644 kilometers, and the total length of the line ranked longest in the
world [6]. By 2020, the total operating mileage of the network is expected to reach 970 km [7]. The
Shanghai rail transit network and urban spatial layout is illustrated in Fig. 1. Shanghai has been
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selected as the model for empirical research as it is a world metropolis with a population of over 20
million, and the most developed urban rail transit system in the world. Through quantitative analysis
of the influencing factors of rail transit patronage, the effective measures of the TOD model based
on rail transit stations is discussed. Policy recommendations are then provided for the development
of rail transit sites, to promote the sustainable development of the city.

Fig. 1. Shanghai Metro network and distribution of major business districts
2. Literature Review
The earliest research on the influencing factors of urban rail patronage can be traced back to
the 1980s. Jones and Nichols analyzed the factors determining urban rail transit patronage demand
by tracking ticket sales data and using the least squares method [8]. The influencing factors of urban
rail use can be divided into two categories: internal factors and external factors [7]. Internal factors
mainly include attributes related directly to the operational status of rail transit, such as frequency
of departure, speed of operation, and punctuality rate. Early research to alleviate increasing traffic
problems focused on increasing the use of urban rail transit by improving the quality of service of
the rail transit system (internal factors), and reducing dependence on private cars. Methods included
improving ride comfort and reducing wait times, but the results were not satisfactory [9].
Subsequent research has gradually shifted to focus on external factors which, as numerous studies
have shown, have a greater impact on rail traffic than internal factors [10-13].
Various studies investigating the influence of external factors on rail transit take different
considerations into account in their selection of influencing factors. Traditional external factors
mainly include land use and socioeconomic and demographic characteristics [14-21]. Most studies
are based on these characteristics and include some other factors. Mark and Jonathan considered the
influencing factors of urban rail network accessibility for urban rail transit passenger flow based on
traditional socioeconomic population variables [22]. It was found that simply improving the
accessibility of the rail network does not increase urban rail transit demand to a large extent.
Researchers have come to understand that the factors affecting rail transit traffic are complex and
involve multiple levels.
The emergence of new urbanism in the 1990s elevated the study of the relationship between
the built environment and the travel behavior of residents [23-26]. The new urbanism design
movement involves public TOD, as well as new traditional community design. Existing TOD
studies focus more on the impact of land use characteristics around bus stations for encouraging
public transport travel or slow travel and reducing automobile travel, and include 3D or 4D
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characteristics of land use [23, 27-28]. In existing TOD study based on rail transit, the built
environment around the station and the accessibility of the urban rail transit network is mostly
considered. This demonstrates that the characteristics of land use around rail transit, the intensity of
development, and the accessibility of the urban rail transit network will have an impact on the
patronage of rail transit. Existing research also illustrates that consideration of the construction
environment and the accessibility of the rail network as influencing factors is very limited [29-31].
Varying regional characteristics of urban rail stations have a strong impact on patronage.
However, further research is required to form exact conclusions on how such characteristics affect
rail travel. Loo have discussed this concept, but their research does not distinguish the location
characteristics of the station with other influencing factors [32]. An important aspect of the study
detailed in this paper is to divide the location characteristics of the station into two variables: the
distance from the city center, and whether the station is located in the urban business district area.
These two variables are separated from the variables at the station level by establishing a multilevel model (MLM).
The advantage of this study is the use of MLM to analyze the influencing factors of rail
patronage based on the TOD model. Previous studies have predominantly used regression models
to analyze influencing factors, but there is a fatal problem with such analysis methods as the
correlation between independent variables will violate the hypothesis of individual variables in the
regression model, thus the model results will deviate. Although most studies have made the
assumption that each variable is independent of each other before establishing the regression model,
they can’t guarantee there is no actual correlation between variables. Using MLM can easily solve
this problem by separating the variables according to different levels of layered research to avoid
the correlation between variables of different levels and deviation of the model results.
3. Materials and Methods
The urban rail station patronage data used in this study is gathered from Shanghai Urban
Planning and Design Research Institute. The data shows the average daily passenger volume of each
rail station in Shanghai in 2017, and the patronage data used to create the final model is the sum of
the inbound passenger volume and outbound passenger volume. Excluding the stations in which
passenger volume or other variables are missing, the data contains a total of 249 Shanghai Metro
stations, and the distribution of patronage at each station is illustrated in Fig. 2.

Fig. 2. Patronage distribution of rail stations in Shanghai
The various influencing factors and variables can be categorized into five main aspects:
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regional characteristics, the built environment, station characteristics, socioeconomic and
demographic characteristics, and bus competition. These variables and descriptions are provided in
Table 1.
Table 1. Description of variables
Dimension

Field

Variable

Description

P

Station
patronage

Average daily passenger volume of
the station

Fare

Fare

Fare of the station to the city center

BD

Business district Dummy variable, indicating if the
station is in a business district area.

RP

Residential POI

The number of residential POI
around the station

WP

Working POI

The number of working POI around
the station

SP

Public service
POI

The number of public service POI
around the station

PP

Parking lot POI

The number of parking lot POI
around the station

MultiR

Multi rail lines

If the number of multi rail lines is
more than 1, it will indicate the
station is a transfer station.

Oper

Operation years

Years of station operation

SH

Size of hub

Passenger of large transportation
hub around station. If there is no
hub, the value is 0.

House

Housing price

Average housing price around the
station

Popu

Population

Population around the station

Empl

Employment
density

Employment density around the
station

Bus

Bus stops

The number of bus stops around the
station

Dependent variable

Regional level
Regional
characteristics

Station level
Built environment

Station
characteristics

Socioeconomic
and
demographic
characteristics

Bus competition

The regional level variable describes the impact of the station’s location characteristics on
patronage, including the distance from the city center, and whether the station is in the city's main
business district area. For rail stations, it is more accurate to use rail travel distance to reflect the
distance from the city center, rather than the direct distance. Shanghai Metro charges are based on
mileage, so the variable fares from the station to the city center represent the variations in the
distance of the station to the city center [33]. Business district station variables reflect the
development model of the area around the station. The intensity of passenger attraction and the way
to attract from the station in the business district area will be different from the stations in other
regions. In this study, the 18 stations in the Shanghai business district area were identified according
to Shanghai Commercial Network Layout Planning (2013-2020).
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For build environment variables, the use of traditional land use characteristics was abandoned,
and replaced by point of interest (POI). In geographic information systems, POI mainly refers to
geographical entities closely related to people's lives, such as schools, banks, and supermarkets.
Each POI data consists of four aspects of information, including name, category, coordinates, and
classification [34]. Compared to traditional land use characteristics, POI data has two advantages.
First, the content reflected in POI data is more intuitive, so the POI number can directly reflect the
development intensity of a region. The second advantage is that POI data reflects a more detailed
and comprehensive built environment. Land use data generally includes the proportion of
commercial land and residential land, and POI data can be classified by the keyword of retrieving.
Common types of POI data include residential, working, public services, attractions, transportation,
education, and parking lots.
Four types of POI data that are believed to have an impact on rail travel were selected in this
study and are residential, working, public service, and parking lot data. Residential POI includes
residential buildings, dormitories, and apartments. Working POI includes office buildings, factories,
industrial parks, and places provided only for working activities. The public service POI contains
six types of places to provide public services, including commercial, shopping, parks, medical,
banking, and catering places. Parking lot POI includes road parking areas and public parking lots.
This study uses the location retrieval function of the application program interface provided
by Baidu Map development platform to retrieve all POI data around stations. Retrieving range is
defined as a circular area with the radius of 1 km around the stations. Previous studies typically used
0.25 miles as the station radius range, determined by the tolerable walking distance of most residents
[29-30]. However, the distance of 1 km is selected here as the popularity of shared cycling in
Shanghai has led to an extension of slow travel distance.
Station variables include whether the station is a transfer station, years of station operation,
and if the station is a connection station to a large transport hub, which mainly refers to train stations
and the airport. The difference in transport hub size has an impact on the patronage of the rail station
to which they connect. Thus, the total annual passenger volume of a hub is used to reflect its size in
this study.
Socioeconomic and demographic characteristic variables include population, employment
density and economic level around the station. Market-transparent housing prices are used here to
replace the traditional survey of resident income in order to avoid possible deviation.
The number of bus stops around the rail station belongs to the variable of bus competition,
which is used to explore the relationship between traditional bus and rail transit in this study.
Multi-level modeling (MLM) is applied here to explain the influence of independent variables
of different levels on patronage. The main reason for using the MLM model is that the variables at
station level will ‘depend' on variables at the regional level. That is, station level variables will be
affected by characteristics at the regional level [30]. For example, the closer a station is to the city
center, the higher housing prices generally are surrounding it. Such interactive relationships
generated between data will violate the assumption that all variables in the traditional regression
model are independent of each other, so that the standardized error obtained by the traditional
regression model will deviate from the actual value, and the wrong standardized coefficient will be
obtained [35] The MLM model can solve this problem, and is widely used in education, public
health, and other research fields to process data groups with correlation between variables. In recent
years, MLM has been used increasingly in urban studies [36-38]. The hierarchical structure diagram
of MLM used in this study is provided in Fig. 3.
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Fig. 3. Hierarchical structure diagram of MLM
4. Results and Discussion
Table 2 contains the result of the MLM model of the influencing factors of urban rail travel in
Shanghai. The final model has a 0.858 R square value, indicating that 85.8% of the data can be
interpreted, and the model results are highly reliable.
Table 2. MLM of Shanghai urban rail patronage
Variable
Beta coeff.
SE
t
Approx.d.f
P
Constant
3.589
1.606
5.292
8
0.000
Fare
0.799
1.054
-1.168
8
0.277
BD
3.654
4.179
1.719
8
0.047
RP
0.169
1.399
-2.379
235
0.018
WP
1.106
1.074
0.040
235
0.968
SP
2.268
0.973
5.308
235
0.000
PP
1.095
0.417
0.330
235
0.742
MultiR
1.508
0.694
3.729
235
0.000
Oper
1.148
0.443
4.570
235
0.000
SH
1.284
0.502
5.438
235
0.000
House
1.095
0.414
-1.967
235
0.050
Popu
1.095
0.414
-1.555
235
0.121
Empl
1.095
0.414
5.135
235
0.000
Bus
1.096
0.417
0.884
235
0.378
4.1 Variables of regional characteristics
Variables at the regional level include the distance from the city center, and whether the station
is in the business district. The results show that if a station is located in a business district area it
will have a significant impact on the patronage, and the impact intensity is the highest of all
independent variables (the beta coefficient is 3.654, and the p value is 0.047). It is generally believed
that stations closer to the city center attract more passengers, however, distance from the city center
has no significant impact on patronage in this case. Some stations far from the city center are more
‘important’, and have a strong ability to attract passengers. Such stations include connecting stations
of the transportation hub, large tourist attraction stations, and stations with huge factories nearby.
Taking Line 11 of Shanghai Metro as an example, Fig. 4 shows the distance distribution between
the stations of Line 11 and the city center. Disneyland Station, the terminus station of Line 11, can
be seen to attract the third largest passenger volume in the entire line. Passenger volume of all
stations on Line 11 is provided in Fig. 5, and the stations are sorted in ascending order by fare to the
city center. The figure shows that Jiangsu Road station, the nearest station to the city center, does
not have the largest passenger volume. Xujiahui Station, which is a certain distance from the city
center, has the highest passenger volume which is well ahead of the stations around it. Such evidence
suggests that distance from the city center is not a major factor affecting rail travel. Several stations
with high passenger volume on each line were observed in this study, and many were located in the
business district area. Thus, the average passenger volume of all stations in the business district area
were compared with all stations in the non-business district area, and the results are illustrated in
Table 3. The findings show that the passenger volume of stations in the business district area is
much larger than that of stations in the non-business district area, which also reflects the multicenter form of Shanghai City.
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Fig. 4. Distance distribution between the stations of Line 11 and the city center
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Fig. 5. Passenger volume of all stations on Line 11
Table 3. Passenger volume characteristics of the business district stations and non-business district
stations
Station types

Number of Maximum
station
passenger volume

Minimum
passenger volume

Average passenger
volume

Business district 18
stations

271518

18642

103770

Non-business
district stations

150766

3028

37633

231

4.2 Built environment variables
Built environment variables include residential POI, working POI, public service POI, and
parking lot POI. The results show that residential POI and public service POI both have a significant
influence on station patronage (p values are 0.018 and 0.000), while working POI and parking POI
have no meaningful effect (P values are 0.968 and 0.742). This indicates that for commercial
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development around the station, it is mainly the public service industry that has a positive effect on
rail traffic, rather than industries that only provide working activities.
When considering parking lot resources around stations, previous studies have not only
referred to surrounding public parking lots, but also included residential or employment parking
places [39-40]. The main purpose of this study is to explore the development model around stations
that can promote rail transit, so only road parking areas and public parking lots around the station
are considered to analyze the relationship between parking resources and rail patronage. This paper
attempts to explore whether people will choose a car-rail travel mode, switching from private cars
to rail transit, under the condition of sufficient parking lot resources. However, the expected
conclusions were not obtained and simply increasing the amount of parking around stations is not
enough to encourage people to switch from private cars to rail transit. In Shanghai, people will more
often use taxis than private cars when involved in car-rail transfer trips. The current popularity of
new modes of transportation including feeder cars, shared bicycles, shared cars, and online vehicles,
raises the question of whether travel by traditional private car to rail transit is worth encouraging.
4.3 Variables of station characteristics
All three variables in station characteristics have a significant impact on station patronage,
indicating that station characteristics are an important factor, and passenger volume can be
effectively increased by improving the characteristics of rail stations. In particular, the stations with
more than one line display a high correlation feature (P=0.000). Due to high accessibility, a transfer
station can attract passengers from other lines. This result indicates that more passengers can be
attracted by improving the connectivity of rail transit networks. The earlier rail stations are
developed in an area, the more ‘important’ the area becomes in the city, with more gathering
residents, and more facilities, and activities of all kinds. The contribution of large transportation
hubs to the attraction ability of rail transit travel is often ignored by researchers, but the model
results show that the combination layout of rail stations and large transportation hubs has an
important role for patronage (P=0.000).
4.4 Variables of socioeconomic and demographic characteristics
Variables of socioeconomic and demographic characteristics include housing prices,
population, and employment density. The result shows that housing prices and employment density
have a significant influence on rail passenger volume, but population has no notable influence. In
this study, the income level of residents is replaced with housing prices to characterize the economic
level of the area around the stations. Areas with higher housing prices often correlate to higher area
accessibility, as well as better facilities and environment. These areas will attract more active
activities including commercial, shopping, and public services. The passenger volume of the
stations in these areas are also higher. The standardized coefficient of employment density is 1.095
(P=0.000), indicating that the average daily rail passenger volume will increase by 1.095 for each
additional number of employment within the 1000 meter radiation range of the station. However, it
is concluded here that there is no significant relationship between population and patronage. This is
because in the process of urban development in Shanghai, along with the construction of urban rail,
the housing prices for areas surrounding train stations were significantly higher than those areas
under the same conditions but far away from rail stations. Therefore, residents living in the
surrounding areas to rail stations generally have higher income levels, and rail transit is more likely
to be used by people without high income.
Additionally, for the built environment variables, residential POI is found to have a positive
effect on rail patronage, while for the variables of socioeconomic and demographic characteristics,
population has no significant effect. These two variables that appear similar have completely
different conclusions, reflecting two distinct characteristics. Residential POI represents a building
that provides residential functions, including residential buildings, dormitories, and apartments.
This POI reflects the characteristics of the development model around the station. The more
residential POI surrounding a station, the greater development intensity around the station. In
addition, higher intensity of residential development will inevitably lead to the development of
supporting facilities such as education, medical, financial, shopping, and other service facilities,
which result in greater passenger attraction. However, it is not certain that higher intensity of
residential development will lead to more residents, which is also related to floor height, per capita
living area, and other indicators. Therefore, in combining the results of the analysis of two variables,
it is concluded that residential-based development will promote an increase in rail patronage, but
this increase is not initiated by expanding the size of the population.
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4.5 Bus competition
An exploration into the relationship between traditional public transport and rail transit is
attempted through studying the number of bus stops around the rail station. The results show that
there is no significant relationship between the number of bus stops and rail patronage (p value is
0.378, greater than 0.05). Such a result does not mean that there is no relationship between
traditional public transport and rail transit, but merely indicates that the number of bus stops is not
a determinant of the relationship between rail transit and traditional public transport. The
relationship between the two is more complex, and may be related to the quality of service, the ease
of transfer, and even the distance from the bus stop to the rail station. However, the purpose of this
study is to explore how developing the area surrounding rail stations can promote rail patronage,
and the main related factor is the layout of bus stops. The results show that it is not feasible to
improve the passenger volume of rail stations only by changing the land-use model of public
transport facilities around the rail station.
5. Conclusions
Using the MLM model, this study analyzed the influencing factors of rail transit travel in
large cities at both station and regional level. The P value of 0.05 was taken as the basis for
discrimination, and results show that there are eight variables, of the 13 independent variables in
the model, that have a significant impact on rail station passenger volume. These variables are
residential POI, public service POI, if the stop is a transfer station, operating years of the station,
employment density, size of the transportation hub, housing price from the first level, and business
district stations from the second level.
Whether the station was located in a business district area was found to have the most
significant impact on rail patronage. This result generates a new understanding of the integration of
sustainable urban planning and traffic planning with the TOD model. The rail transit network
supports the evolution of urban spatial form, and the stations close to the business district area can
attract more rail transit passengers. In turn, the planning and development of the city's business
district, combined with rail transit stations, will improve its accessibility and attraction. Thus, the
two factors promote each other to foster sustainable development of the city.
In this study, POI data was used instead of traditional land use characteristics to describe the
built environment around the stations, and subsequently, more intuitive and accurate results were
obtained. Public service POI and rail patronage demonstrated a high correlation, second only to the
business district station variables. This indicates that the development of commercial land around
stations has contributed to rail transit travel in traditional research. The determining factor was the
development of service facilities, but not facilities that can only provide jobs. The results indicate
that residential land around the rail station should be oriented to the needs of people with low or
middle income, and the development of high-density small housing, and rental housing should be
encouraged to avoid low-density large residential developments and high level apartments.
All three variables of station characteristics have a significant impact on rail patronage.
Therefore, subsequent study should focus on methods to improve station characteristics in order to
boost rail patronage, especially the connectivity of rail networks and accessibility of stations.
Additionally, the results of the study demonstrated that there is no significant link to rail
patronage and travel by private car, represented by parking lot POI, or traditional public transport
use, represented by the number of bus stops. This shows that for the land use elements developed
by TOD mode for the area around the rail station, simply increasing parking land and public
transport land cannot bring about the increase of rail patronage, and presents a new problem for
further study. The influence of the relationship between the three travel modes accounting for the
largest proportion of daily travel is complex. The quality of public transport services, connectivity
of the rail network, personal choice of residents to travel, and even the relationship between the
distribution of urban tenure and the rail transit network, are all possible influencing factors which
have yet to be further explored.
Based on the relevant research, this study used the highly developed urban rail network of
Shanghai as a case study, and introduced new variables to explore. The model results and analysis
conclusions provide policy suggestion basis for the integration of urban planning and traffic
planning, and supply references for the sustainable development of urban transportation. However,
the influence factors of urban rail transit travel and all other travel modes are complex, and different
urban forms will have an impact on the attraction ability of urban rail transit. Follow up research
should select multiple cities as the research object under the condition that the data can be obtained,
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conducting a wider comparative study to further understand the influencing factors of rail patronage
in different areas.
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