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As Chinese cities continue to grow rapidly and their newly developed suburbs continue to
accommodate most of the enormous population increase, rail transit is seen as the key to
counter automobile dependence. This paper examines the effects of rail transit-supported
urban expansion using travel survey data collected from residents in four Shanghai subur-
ban neighborhoods, including three located near metro stations. Estimated binary logit
model of car ownership and nested logit model of commuting mode choice reveal that:
(1) proximity to metro stations has a significant positive association with the choice of rail
transit as primary commuting mode, but its association with car ownership is insignificant;
(2) income, job status, and transportation subsidy are all positively associated with the
probabilities of owning car and driving it to work; (3) higher population density in work
location relates positively to the likelihood of commuting by the metro, but does not show
a significant relationship with car ownership; (4) longer commuting distance is strongly
associated with higher probabilities of riding the metro, rather than driving, to work; (5)
considerations of money, time, comfort, and safety appear to exert measurable influences
on car ownership and mode choice in the expected directions, and the intention to ride the
metro for commuting is reflected in its actual use as primary mode for journey to work.
These results strongly suggest that rail transit-supported urban expansion can produce
important positive outcomes, and that this strategic approach can be effectively facilitated
by transportation policies and land use plans, as well as complemented by timely provision
of high quality rail transit service to suburban residents.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

China’s urbanization is continuing at a

fast pace: between 2015 and 2030 its urban population is expected to increase by

230 million (China News, 2015; EastDay.com, 2015). One major challenge that Chinese cities have been facing for the last
two decades, and will continue to face in the foreseeable future, is to provide satisfactory transportation that supports
fast-paced urban growth and suburbanization, while striving to reduce traffic congestion, air pollution, and greenhouse
gas emission. In response to the challenge, the large cities have uniformly adopted the strategy of constructing an extensive
rail transit system to help meet growing travel demand and lessen automobile dependence. More than twenty cities now
have a metro system in operation, and several dozens more cities are currently constructing, planning, or proposing such

a system (Luan et al., 2014).
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Building a rail transit system to support urban growth is not a novel idea. Starting with London in 1863, many cities in the
world have built metro systems and other forms of rail transit. Nonetheless, rail transit remains a highly controversial sub-
ject, as scholars disagree on whether it is an efficient system to satisfy urban residents’ demand for mobility or to help cities
achieve transportation-related environmental and social objectives (Baum-Snow and Kahn, 2005; Kain and Liu, 1999; Lave,
1998; Litman, 2007; Nelson et al., 2007; Voith, 2005; Winston and Maheshri, 2007; Zaretsky, 1994). Theoretically, the eco-
nomic performance of a rail transit system depends critically on traffic volume and residential density (Meyer et al., 1965;
Small and Verhoef, 2007). The great importance of these contextual factors suggests that empirical examination is often
required to understand whether rail transit works well in a particular setting.

Gaining an understanding of the effects of rail transit development in China is imperative, because many cities—in China,
as well as in other developing countries—are following this strategy without sufficient knowledge about the outcomes. This
paper utilizes travel survey data from Shanghai to gain insights into how residents in rail transit-supported suburbs make
choices regarding car purchase and, more importantly, transportation mode. The research focuses on suburban locations
because the anticipated population growth in Chinese cities will mostly be accommodated in such locations. Here we gen-
erally define “rail transit-supported urban expansion” as urban growth that takes place in locations beyond the existing cen-
tral city and that draws upon accessibility provided by rail transit, typically a metro system. To successfully facilitate
sustainable development, rail transit-supported urban expansion must be a viable alternative to automobile-dependent
urban expansion.

This paper presents an empirical study of the effects of rail transit-supported urban expansion in China, based on data for
Shanghai. The research aims to answer three questions. First, what are the car ownership and modal choice characteristics of
residents living in suburban areas near metro stations? Second, what factors are associated with suburban residents’ car
ownership status? Third, what factors are associated with suburban residents’ commute mode choice? In addition to prox-
imity to metro stations, socio-economic variables, built environment features, and attitudinal factors are considered in this
analysis.

2. Literature review

Several bodies of literature are highly relevant to this research, and selected publications in each are reviewed here. One
body of literature is on urban growth, suburbanization, and transportation challenges for cities in China. Another, drawn pri-
marily from contributions by American and European researchers, presents competing perspectives on rail transit develop-
ment as a response to urban transportation problems. A third strand of literature examines factors influencing people’s car
ownership decision and travel mode choice.

2.1. Urban growth, suburbanization, and transportation challenges for Chinese cities

China’s urban population has been growing at an extraordinarily pace for the past three decades. In 1990 only less than 27
percent of its population lived in cities and towns, but in 2013 almost 54 percent resided in cities and towns. This doubling of
urbanization level represents an additional urban population of over 400 million!

The rapid growth of urban population in China has been accompanied by continuous spatial transformation of cities. The
built areas have greatly expanded, typically more than tripled since 1990. In the large cities, population growth has taken
place primarily in newly developed suburban areas, accelerating the suburbanization process that started in the 1980s
(Zhou and Meng, 1998).

The fast-paced urban growth and suburbanization have presented major challenges to urban transportation planners and
policymakers. The rapidly increasing population, together with steadily increasing trip distances, has resulted in an ever ris-
ing travel demand that often overstrains existing transportation infrastructure and aggravates traffic congestion. Moreover,
the urban spatial transformation has made automobiles an increasingly attractive, or necessary, mode of travel. In 1990 few
Chinese households owned automobiles, but rapid income growth in China enabled motorization to quickly pick up pace
(Gakenheimer, 1995; Shen, 1997). Less than twenty years later, in 2009, China became the world’s largest automobile mar-
ket. The most recent official statistics indicate that the number of passenger cars in the country has already passed 100 mil-
lion, more than 50 times the number for 1990 (China Bureau of Statistics, 2014).

The combination of urban expansion and motorization will lead to automobile dependence unless some viable trans-
portation alternatives become available to suburban residents. As a counter-measure to motorization and as a response
to various transportation-related environmental and social issues, since the early 2000s the Chinese government has been
emphasizing the importance of public transportation. Accordingly, large cities have gradually shifted their investment pri-
ority from highways and roads to rail transit. Facing serious challenges in providing mobility and in reducing emissions,
planners and policymakers in China see rail transit as the key to solving transportation problems.

There are good reasons for being optimistic about what a rail transit system can bring to a city. A metro system can mod-
erate accessibility loss resulting from relocation from central city to outlying areas and encourage many suburban residents
to travel by rail instead of automobile (Cervero and Day, 2008). It also provides an opportunity for creating a multinuclei
form of compact development with high-density suburban clusters around metro stations (Yang et al., 2012). Such a clus-
tered spatial pattern of urban growth and suburbanization can help avoid, on the one hand, aggravated traffic congestion
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that would result from featureless expansion of dense central-city area (Yang et al., 2012), and on the other hand, substan-
tially increased car use that would result from dispersed suburban development with a low degree of mixed land use (Zhao,
2010). Furthermore, rail transit can facilitate transit-oriented development and high-intensity land use near stations, rein-
forcing its share as a travel mode (Cervero and Day, 2008; Pan and Zhang, 2008). While many positive results of rail transit
development are conceivable, there are also potential concerns, as suggested by the body of literature discussed next.

2.2. Competing perspectives on rail transit

Having witnessed a long history of rail transit development, American and European researchers have produced a large
volume of literature discussing the merits and shortcomings of this type of urban transportation systems. The publications
present sharply divided views. For the proponents, rail transit provides an opportunity for increasing public transportation
ridership, reducing car use, and promoting social equity and environmental sustainability (Litman, 2007; Nelson et al., 2007;
Voith, 2005; Zaretsky, 1994). For the critics, on the other hand, rail transit is an inefficient mobility system for most cities, as
well as an ineffective way to reduce congestion, improve public transportation, or achieve environmental objectives (Kain
and Liu, 1999; Lave, 1998; Winston and Maheshri, 2007).

Positive impacts of rail transit identified in the literature include, first, increasing or sustaining public transportation use,
which is more likely to be replaced by single-occupancy driving where rapid transit is not available as an alternative
(Baum-Snow and Kahn, 2005; Voith, 2005). Secondly, rail transit creates important social values by enabling people who
are dependent on public transportation to travel by a speedy mode (Baum-Snow and Kahn, 2005; Litman, 2007). Thirdly,
a metro system is more effective than a bus system in reducing traffic congestion because, unlike buses, subways and ele-
vated rails do not compete with cars for limited road space (Nelson et al., 2007; Voith, 2005). Fourthly, energy consumption
and emissions per passenger mile for rail transit is much lower than those for driving, which can lead to substantial envi-
ronmental gains (Zaretsky, 1994). Finally, some rail transit systems, for example, the metro system in Washington DC
(see Nelson et al., 2007), are shown to be able to generate net economic benefits. Moreover, rail transit produces a wide range
of benefits, which, if fully considered, will often show the system to be cost effective (Hass-Klau et al., 2004).

Criticisms of rail transit include, first, below-forecast ridership (Kain, 1999) and high percentages of users from former
bus passengers, which often constitute 70-75 percent of rail transit ridership (Lave, 1998). Secondly, negative impacts on
social equity often result from developing rail transit, because public transportation agencies tend to allocate growing shares
of available subsidies to constructing and operating rail systems while abandoning their successful policies of improving bus
service and reducing bus fares (Kain and Liu, 1999). It is the bus—not rail transit—that benefits mostly the poorest urban res-
idents (Winston and Maheshri, 2007). Thirdly, using rail transit to achieve environmental goals often has an ambiguous
effect (Winston and Maheshri, 2007), or is simply wasteful (Lave, 1998). Fourthly, a rail system is inflexible and increasingly
unsuited to meet urban residents’ transportation needs, given the prevailing lifestyles and metropolitan land use patterns
(Lave, 1998; Baum-Snow and Kahn, 2005). Finally, some researchers, including Winston and Maheshri (2007), show that
almost all rail transit systems incur costs that substantially exceed benefits.

Obviously, supporters and detractors make many conflicting observations and arguments. What may help resolve the
controversies is an analytical framework for measuring and comparing the performances of alternative transportation sys-
tems, including rail transit, in a given urban context. As an example, scholars have studied the relative economic efficiency of
competing urban mobility systems and identified traffic volume in a corridor, along with the surrounding residential den-
sities, as the key determinants (Meyer et al., 1965; Small and Verhoef, 2007). While this approach may have too narrow a
focus, the general idea of examining more closely the relative merits of rail transit in light of the characteristics of a partic-
ular city seems quite promising. Indeed, most researchers from both sides of the debate acknowledge the importance of var-
ious socio-economic, built environment, and public policy factors in influencing the outcomes (Baum-Snow and Kahn, 2005;
Hass-Klau et al., 2004; Kain, 1999; Litman, 2007; Nelson et al., 2007; Winston and Maheshri, 2007; Zaretsky, 1994).

Such an approach implies that carefully designed, context-sensitive empirical research must play a critical role in eval-
uating rail transit. A metro system may not be suitable for the typical American city where transportation corridors do not
generate enough trips to make it financially competitive, but may work well for a few densely populated cities, such as New
York and San Francisco. Chinese cities, and cities in most other developing countries, tend to have high population and
employment densities and, hence, provide a favorable setting for efficient operation of a metro system. Examining closely
what differences such a system actually makes to suburban residents’ travel behavior is essential for advancing the knowl-
edge and practice of rail transit-supported urban expansion. Car ownership and, more importantly, mode choice, are key
indicators.

2.3. Factors influencing car ownership decision and travel mode choice

When an individual relocates residence, it is a major event in this person’s life course, which is often associated with
changes in travel behavior (Bamberg, 2006; Scheiner and Holz-Rau, 2012). Studies conducted in European cities find that
positive changes in the forms of lower car ownership and more public transportation use can be induced by relocation
and favorable changes in the built environment and transportation policy (Bamberg, 2006; Scheiner and Holz-Rau, 2012).

For households moving to the suburbs of a Chinese city from elsewhere, such as central city neighborhoods or rural
villages, the relocation certainly is a major event in each household member’s life course. At the new suburban residential
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location, significant changes in travel behavior will likely take place, and the default would be higher levels of car ownership
and lower modal shares for public transportation, bicycling, and walking. But the construction of an extensive metro system
provides an important opportunity for making positive changes instead, because people who have relocated to suburban
neighborhoods near metro stations can travel by rail rather than car (Cervero and Day, 2008; Pan et al., 2011).

While proximity to metro stations is shown to be an important determinant of mode shift to rail transit (Lindsey et al.,
2010; Kwoka et al., 2015), other factors likely also influence suburban residents’ car purchase decision and travel mode
choice. The existing literature presents strong evidence showing that socioeconomic factors, such as income, gender, age,
and household characteristics affect car ownership and mode choice (Creemers et al., 2012; Hess and Ong, 2002; Nolan,
2010; Prillwitz et al., 2006; Van Acker and Witlox, 2010). Income, in particular, is identified by many researchers as a most
significant predictor (Dargay et al., 2007; Prillwitz et al., 2006; Schimek, 1996).

The literature also includes a large volume of empirical research on the effects of built environment factors. Many studies
find that density, land use mix, and street layout influence people’s decisions on whether to purchase a car and how to get to
a trip destination (Bergman et al., 2011; Bhat and Guo, 2007; Hess and Ong, 2002; Li et al., 2010; Potoglou and Kanaroglou,
2008; Senbil et al., 2009; Van Acker and Witlox, 2010). Moreover, built environment characteristics in both trip origin and
destination matter, and some studies show that workplace built environment variables provide more explanatory power for
mode choice than those of home locations (Chen et al., 2008; Kwoka et al., 2015; Shiftan and Barlach, 2002). In addition, indi-
viduals tend to show a stronger preference for rail transit and driving over other travel modes when the trip distance gets
longer (Limtanakool et al., 2006). However, there is no consensus on the importance of the built environment in shaping tra-
vel behavior.

One important source of disagreement on the effects of the built environment is the interplay between residential loca-
tion choice and travel behavior (De Vos et al., 2012; Mokhtarian and Cao, 2008). This interplay causes the self-selection prob-
lem, as individuals select themselves into preferred built environments rather being distributed randomly. This makes it
difficult to assess the true effects of built environment factors on whether household buy cars or how individuals travel.
Researchers have designed various methodological approaches to address the self-selection problem, and some researchers
have shown that the built environment remains a significant determinant of travel behavior (Cao, 2009; Ewing and Cervero,
2010; Hong et al., 2014).

One effective way to tackle the self-selection problem in travel behavior analysis is to include in the regression model
explanatory variables that measure individuals’ attitudes toward transportation alternatives (Handy et al., 2005; Hong
et al.,, 2014). These attitudinal variables are typically quantified using data collected through a travel survey. Some research-
ers find that people’s attitudes are a more powerful predictor of travel behavior than the built environment (Olaru et al.,
2011).

To be sure, there are other determinants of car ownership and mode choice. Some of them are historical and cultural fac-
tors that are unique to particular contexts (Senbil et al., 2009). These factors are conceptually important, although they tend
to be less tangible and, hence, are rarely included in empirical analysis.

3. Research design
3.1. Study areas and data

To examine the effects of rail transit on suburban residents’ car ownership and modal choice, we decided to undertake an
empirical study of Shanghai, China’s largest and economically most important city. According to the most recent census,
Shanghai’s population was 23 million in 2010 (China Bureau of Statistics, 2011). During the decade of 2000-2010, the city’s
suburban areas grew rapidly and accommodated much of the population increase, which is quite representative of subur-
banization trends observed in most Chinese cities. Shanghai has been playing a leading role in the practice of rail transit-
supported urban growth. Although its first metro line started operation only 20 years ago, its metro system today is one
of the world’s largest with 14 lines, over 300 stations, an extensive network, and a daily volume of 8 million passengers.
Fig. 1 shows the rapid expansion of Shanghai metro system from 2003 to 2010."

The metro system has quickly become a significant travel mode for residents in Shanghai, as shown in Table 1. In 2004,
rail transit accounted for only 2.9 percent of all trips for the whole city and 4.3 percent for the central area (defined as the
geographic area inside the “out-ring expressway”, which is shown as the shaded area in Fig. 1). In 2014, its mode share
reached 9.0 percent for the whole city and 14.7 percent for the central area. Mode shares have also significantly increased
for automobile and E-bicycle, but decreased for bus and bicycle. However, these aggregated figures do not tell us the extent
to which the metro system has changed the travel behavior of suburban residents who live near metro stations.

Due to resource constraints, we selected four representative residential areas located in Shanghai’s suburbs for the empir-
ical work (Fig. 2(a)). Three of the selected study areas, Gongfuxincun, Jiuting, Xinzhuang, are situated near metro stations,
whereas the fourth one, Jingiao, is not proximate to rail transit. Household travel surveys were conducted in these neighbor-
hoods in 2010 and 2011 to collect data on car ownership status, commuting mode choice, home and work locations,

! The 2010 metro network—rather than a more recent one—is shown here because the travel data used for this research was collected by household surveys
conducted in 2010 and 2011.
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Fig. 1. Rail transit system of Shanghai in 2003 (a) and 2010 (b).

Table 1

Transportation mode choice of Shanghai residents, 2004-2014. Source: Shanghai Municipal Government (2015).
Year 2004 2009 2014

Whole city (%) Central area (%) Whole city (%) Central area (%) Whole city (%) Central area (%)

Rail 2.90 4.30 5.70 8.70 9.00 14.70
Bus 14.70 20.80 12.90 17.10 12.60 16.80
Taxi 7.00 9.20 6.60 8.80 4.60 6.40
Auto 11.60 12.00 15.40 18.90 16.70 17.50
Motorcycle 6.20 1.10 4.60 0.60 1.70 0.30
E-bicycle 530 4.40 15.20 9.50 20.40 12.10
Bicycle 25.00 18.30 13.50 10.00 7.30 6.90
Walk 27.30 28.90 26.20 26.50 27.70 25.30

demographic characteristics, and occupation and income.? In light of the importance of attitudinal factors in location and tra-
vel decisions, we included several questions in the survey to collect data on respondents’ intention to use metro as primary
commuting mode when relocating to current neighborhood, as well as their considerations of monetary cost, time savings,
safety, and comfort in choosing commuting mode. The questionnaire was filled by a randomly selected sample of households
and their members. The surveys resulted in valid data for 823 households and 1436 individuals. As shown in Fig. 2(b), the
respondents’ workplaces are widely distributed in the metropolitan area although most are in central locations of Shanghai.

Built environment was measured using GIS land use data and population census data for 2010. Land use variables were
quantified for each respondent’s home and work locations. These variables include population density for work location, land
use mixture for both home and work locations, and distance to the closest metro station for both home and workplace. Pop-
ulation density for home location is not included because it has little variance for a sample drawn from only four residential
neighborhoods. An additional measure of the built environment is commute distance for each working individual, which is
estimated by the shortest path between home and workplace.

2 In the sample used for this study, households in Gongfuxincun, Jiuting, and Xinzhuang are all located within 2 km from the closest metro station, whereas
households in Jingiao are all located beyond 2 km. It is also useful to mention that, three years after the household travel surveys were conducted Jingiao
became proximate to the metro due to the extension of the rail transit system.
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Fig. 2. Four study areas (a) and spatial distribution of respondents’ workplaces (b).

The resulting dataset consists of about two dozens of variables. Table 2 displays these variables, which are grouped into
four categories, as well as their definitions. Note that many of these variables are measured at both individual and household
levels. Income and subsidy for household are the sums for individual household members. Gender, occupation type, and atti-
tudes for household are measured by the mean values for individual household members. Household rail transit proximity
and commuting distance are assigned the maximum values for individual household members, whereas household work-
place population density and land use mixture are assigned the minimums. These maximum and minimum values are con-
ceptually related to household’s greatest need for owning a car.

3.2. Model specification

To address the second and third research questions, regression models are estimated to explain household car ownership
status and individual commute mode choice. The large volume of literature on car ownership decision and travel mode
choice, which includes some recent studies in the context with rail transit as an option (Bergman et al., 2011; Creemers
etal., 2015; Forsey et al., 2013), provides rich references for model specification. Typically, the regression models incorporate
a discrete choice framework and use relevant socio-economic, attitudinal, and built environment factors as independent
variables. For our empirical examination, the car ownership model takes the simple binomial logit form, expressed as Eq. (1):

P;
1n<1_Pi):oc+ﬁin,- (1)

where P; is the probability of household i owning one or more cars; Xj; is the vector of independent variables associated with
the decision of car purchasing, o is intercept, and f; is the vector of corresponding parameters. The independent variables
used to explain car ownership status include socio-economic, attitudinal, and built environment measures quantified at
the household level.

Commuting mode choice is also modeled by applying the discrete choice framework. Six primary transportation modes
are identified for this research: walk, bike, E-bike, bus, rail, and car. Given these modes, the “independence of irrelevant alter-
natives” (IIA) property of the multinomial logit model may not hold because several modes are substitutes to some extent.
Specifically, bus and rail transit are not independent choice alternatives; nor are bike and E-bike. Therefore, the multinomial
logit model may not be appropriate. Instead, we employ a nested logit model, which specifies a hierarchical structure of the
choice alternatives such that IIA holds within each branch (“nest”) of alternatives but not across branches (Train, 2003). In
this case, “bus and rail transit” and “bike and E-bike” are treated as two nests of alternatives, whereas “walk” and “car” are
independent alternatives. Thus, the resulting hierarchical structure has four branches of alternatives, as shown in Fig. 3.
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Table 2
Variables and definitions.
Variables Definitions
Dependent Car owner Household car ownership status, 1 for yes, 0 otherwise
variables Commuting mode Six primary modes were coded: walk, bike, E-bike, bus, rail, and car; 1 for selected mode, 0 otherwise
Socio-economic Gender 1 for male, and 0 for female
factors for household, mean value ranging from 0 (all members female) to 1 (all members male)
Age Age of respondent, in years
# of employees The number of employees in household
# of children The number of children in household
# of seniors The number of retired people in household
Income Annual income of respondent, in 10>¥
for household, sum of members’ incomes, in 10*¥
Employment type 1 for jobs that tend to have flexible commuting schedules, including government officials, enterprise

executives, and business owners; 0 otherwise
for household, mean value ranging from 0 to 1

Subsidy Monthly transport subsidy provided by employer, in 10%¥
for household, sum of members’ subsidies

Attitudes Safety 1 for selecting a mode because it is safe, 0 otherwise
for household, mean value ranging from 0 to 1
Comfort 1 for selecting a mode because it is comfort, O otherwise
for household, mean value ranging from 0 to 1
Time 1 for selecting a mode because it is fast, 0 otherwise
for household, mean value ranging from 0 to 1
Money 1 for selecting a mode because it is cheap, O otherwise
for household, mean value ranging from O to 1
Metro intention 1 for planning to take metro as primary mode, O otherwise
for household, mean value ranging from 0 to 1
Built environment ~ Workplace LUM Land use mixture within 500 m buffer of work location
features for household, minimum value for household members
Home LUM Land use mixture within 500 m buffer of home location
Workplace Population density within 500 m buffer of work location, in 10> people per km?
population density for household, minimum value for household members
Workplace rail Distance to the closest metro station from workplace, in km
proximity for household, maximum value for household members
Home rail proximity  Distance to the closest metro station from home, in km
Commute distance Length of the shortest path from home to workplace, in km

for household, maximum value for household members

Choice
Transit Bicycle Walk Car
Rail Bus E-bike Bike

Fig. 3. Structure of the nested logit model.

The choice probability for alternative i for person n, is shown in Eq. (2) (Train, 2003):
=1
eVni/ % (ZjeBkevnj/ik) ,
Y (ngﬂ,ev’”/ ’)

where Vy; is the observed utility that person n obtains from alternative i in nest By; similarly, V;; is the observed utility that
person n obtains from alternative j in nest Bj; 4, is a measure of the degree of independence in unobserved utility among the
alternatives in nest k; and similarly, 4, is a measure of the degree of independence in unobserved utility among the alterna-
tives in nest L. Each observed utility is a function of a vector of independent variables, which again include socio-economic,
attitudinal, and built environment measures but quantified for the individual commuter.

ni —

(2)
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Both the binary logit model and the nested logit model are estimated using the R software. Description of the estimation
procedure and software package can be found in Croissant (2012).

4. Results
4.1. Car ownership and modal choice characteristics

The survey data indicates that the three neighborhoods located near metro stations and Jinqiao have similar levels of car
ownership. About 33 percent of households in metro-proximate areas of Gongfuxincun, Jiuting, Xinzhuang own one or more
cars, compared to 34 percent for Jingiao, located beyond walking distance from the metro. Therefore, little effect of rail tran-
sit proximity on household car purchase decision can be discerned from a simple comparison of these percentages.

The survey data suggests more significant and complex effects of rail transit on the mode choice of suburban residents. As
shown in Fig. 4, rail transit is the most popular commuting mode for residents of the three neighborhoods near metro sta-
tions, accounting for 40 percent of their commuting trips. In comparison, residents of Jinqgiao use rail transit as the primary
mode for only 9 percent of their commuting trips. Driving is used for only 20 percent of commutes by residents in the three
metro-proximate areas, in comparison to 24 percent for Jinqiao. However, the much higher mode share of rail transit for the
three neighborhoods seems to have also come with a substantial reduction in bicycling. Only 5 percent and 13 percent of
their commuting trips, respectively, are by bike and E-bike, compared to 11 percent and 18 percent for Jingiao.

To understand the true impacts of rail transit-supported urban expansion, effects of other relevant factors must be con-
trolled for. Therefore, regression analysis is required.

4.2. Factors explaining car ownership

Descriptive statistics for the independent variables to be included in the regression model for household car ownership
are shown in (a) of Table 3. The average number of employees per household is slightly below 2, and 23 percent of them have
jobs that tend to have flexible work schedules. The average household has more senior citizens than children, and about 59
percent of the household members are males. Households on average receive a transportation subsidy of ¥130 per month,
which is almost 2 percent of their monthly income.

Sampled households on average are located 1.93 km from the nearest metro station. Home rail proximity still has a mod-
est standard deviation mostly due to the inclusion of data for Jingiao. For households workplaces on average are 2.43 km
from the closest metro station, and the average commuting distance is 14.53 km.? Note that workplace rail proximity has
a large standard deviation, because respondents are working in diverse locations in the metropolitan area, including ones far
from any metro station.

Impressively, 68 percent of the households indicate that they intended to commute by the metro when moving to current
neighborhood. Among the measured attitudinal factors, saving time (67 percent) is the most common consideration, but sav-
ing money (38 percent), being comfortable (28 percent), and being safe (24 percent) are also frequently mentioned concerns.

The estimated binomial logit model of car ownership is shown in Table 4. The main findings are: (1) income is positively
associated with car ownership; (2) working as a business owner, enterprise executive, or governmental official, which often
has a flexible schedule, is positively related to car ownership; (3) receiving transportation subsidy is also positively associ-
ated with owning cars; (4) larger number of children in a household is related with higher likelihood of being a car owner;
(5) longer commuting distance is associated with higher level of car ownership, but other built environment factors are not
significant predictors; and (6) most attitudinal factors are significant predictors of household car ownership status. Specif-
ically, concerns for time, comfort, and safety positively, whereas concerns for money negatively, relate to car ownership.
However, the negative association between the intention to commute by the metro and the status of being a car owner is
not statistically significant.

The model fit, as indicated by McFadden R square value of 0.35, is very good. McFadden’s R square is a commonly used
measure of goodness of fit for maximum likelihood estimation. According to McFadden (1977), the values of this measure
tend to be much lower than conventional R square values for OLS; McFadden R square values greater than 0.2 represent
excellent goodness of fit.

4.3. Factors explaining commuting mode choice

Table 3(b) displays the descriptive statistics of the independent variables to be employed for the regression analysis
of commuting mode choice. These are generally consistent with those under Table 3(a). One difference worth noting is
that age is considered a relevant factor in modeling mode choice. Given that the relationship between age and a given

3 The mean values of workplace rail proximity and commuting distance for households are 2.43 km and 14.53 km respectively, which are significantly larger
than the mean values of 1.80 km and 11.15 km for individual commuters. This is because these household mean values are computed on the basis of the
maximum individual values for each household.
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Fig. 4. Residents’ commuting mode shares.
Table 3
Descriptive statistics of independent variables.
(a) Household Level Variables, for Car Ownership (b) Individual Level Variables, for Mode Choice Model
Model
Mean Sd Min Max Mean Sd Min Max
Age 37.92 10.50 18 76
Age squared 1547.77 862.73 324 5776
Gender 0.59 0.31 0.00 1.00 0.57 0.50 0.00 1.00
# of employees 1.78 0.61 0.00 4.00 1.98 0.61 0.00 4.00
# of children 0.42 0.52 0.00 3.00 0.44 0.52 0.00 3.00
# of seniors 0.86 0.85 0.00 3.00 0.81 0.85 0.00 3.00
Income 82.64 47.97 10.00 290.00 47.30 27.70 0.00 120.00
Employment type 0.24 0.37 0.00 1.00 0.23 0.42 0.00 1.00
Subsidy 0.13 0.28 0.00 2.60 0.07 0.20 0.00 2.20
Safety 0.24 0.37 0.00 1.00 0.25 0.43 0.00 1.00
Comfort 0.28 0.39 0.00 1.00 0.27 0.44 0.00 1.00
Money 0.38 043 0.00 1.00 0.39 0.49 0.00 1.00
Time 0.67 0.40 0.00 1.00 0.66 0.47 0.00 1.00
Metro intention 0.68 0.42 0.00 1.00 0.68 0.47 0.00 1.00
Workplace LUM 0.57 0.17 0.00 0.96 0.64 0.17 0.00 0.96
Home LUM 0.64 0.13 0.27 0.96 0.64 0.13 0.27 0.96
Workplace population density 10.53 12.80 0.00 66.94 15.51 16.49 0.00 75.86
Workplace rail proximity 243 3.86 0.00 49.62 1.80 3.05 0.00 49.62
Home rail proximity 1.93 1.04 0.29 3.43 1.96 1.04 0.29 343
Commute distance 14.53 12.38 0.01 85.80 11.15 10.88 0.01 85.80

transportation mode (for example, driving) tends to change direction after an individual reaches a certain stage of life,
the squared value of age is also included in the regression.

The nested logit model uses car as the reference mode. The regression outcomes are reported in Table 5. The results indi-
cate that: (1) income is positively associated with commuting by car; (2) important government and business jobs that tend
to have flexible work schedules relate positively to driving to work; (3) transportation subsidy also relates to more driving to
work; (4) age has negative relationships with walking and using public transportation until some points, after which the
relationships become positive; (5) men are less likely to choose walk, bus, or rail as commuting mode, and having more
employees in a household is also negatively associated with commuting by bus or rail; (6) several built environment factors
show significant relationships with commuting mode choice; and (7) all attitudinal variables are significantly related to
commuting mode choice. The empirical results in connection with built environment and attitudinal variables are particu-
larly rich, and hence are elaborated in the following paragraphs.

The regression outcomes strongly suggest that the built environment influences commuting mode choice. Most directly
related to the purpose of this study are the highly significant negative coefficients associated with workplace rail proximity
and home rail proximity, which indicate that longer distances to the nearest metro station from both home and workplace
are associated with lower probabilities of commuting by rail in comparison to car. Moreover, commuting distance has a
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Table 4
Estimated binomial logit model of car ownership (N = 823).
Estimate Z-value Exp(B)

(Intercept) —3.76"* —-4.47

Gender 0.34 0.91 1.40
# of employees 0.33 1.58 1.38
# of children 0.38** 2.03 1.47
# of seniors -0.04 -0.30 0.97
Income 0.02*** 6.50 1.02
Employment type 111 4.00 3.05
Subsidy 2.05™* 415 7.79
Safety 0.61** 221 1.83
Comfort 1.63"* 6.18 5.09
Money —1.40"* -5.15 0.25
Time 0.57** 2.07 1.77
Metro intention —-0.08 -0.32 0.93
Workplace LUM -0.20 -0.31 0.82
Home LUM -0.37 -0.47 0.69
Workplace population density 0.01 0.58 1.01
Workplace rail proximity 0.03 1.13 1.03
Home rail proximity -0.03 -0.26 0.97
Commute distance —0.02** -2.33 0.98

Indicated by estimate with level of significance (x < 0.1, % < 0.05, ##x < 0.01)
Model fit:

Null deviance: 1050.00 on 822 degrees of freedom

Residual deviance: 682.34 on 804 degrees of freedom

McFadden R?: 0.35

Table 5
Estimated nested logit model of commuting mode choice (N = 1436).

Variable Walk Bike E-Bike Bus Rail

Estimate Exp(B) Estimate Exp(B) Estimate Exp(B) Estimate Exp(B) Estimate Exp(B)

Intercept 12.32" 3.78 4.26* 7.46** 8.82"*

Age —0.47+ 0.63 -0.17 0.84 -0.18 0.84 —0.28** 0.76 -0.30** 0.74
Age squared 0.01* 1.01 0.00 1.00 0.00* 1.00 0.00"* 1.00 0.00%* 1.00
Gender -0.82** 0.44 -0.14 0.87 0.08 1.08 —0.78"* 0.46 —-0.69"* 0.50
# of employees -0.26 0.77 -0.29 0.75 -0.27 0.76 -0.41* 0.66 —0.54* 0.58
# of children 0.83"* 229 0.30 1.35 0.56™ 1.75 —-0.04 0.96 -0.13 0.88
# of seniors -0.02 0.98 0.18 1.20 0.16 1.17 0.18 1.20 0.14 1.15
Income —-0.06"* 0.94 —0.05"* 0.95 —0.04"* 0.96 —0.03"** 0.97 —-0.03"* 0.97
Employment type -0.31 0.73 -1.07** 0.34 -0.73** 0.48 —0.86*"* 0.42 —0.84* 043
Subsidy —6.41"* 0.00 —4.78"* 0.01 —4.35"* 0.01 —3.84" 0.02 —2.60"* 0.07
Safety 0.51 1.67 —0.89" 0.41 -1.30"* 0.27 —-0.04 0.96 0.07 1.07
Comfort —2.27 0.10 —2.28"* 0.10 —2.18"* 0.11 —2.13"* 0.12 —1.92"* 0.15
Money 217 8.76 2.45"* 11.59 217 8.76 1.58*** 4.85 1.14™ 3.13
Time -1.97"* 0.14 0.46 1.58 0.66** 1.93 —0.73"* 0.48 -0.48"* 0.62
Metro intention -0.79** 0.45 -0.31 0.73 —-0.20 0.82 0.47* 1.60 0.72** 2.05
Workplace LUM 1.84 6.30 0.50 1.65 0.67 1.95 0.19 1.21 0.53 1.70
Home LUM -0.73 0.48 2.56™* 12.94 1.75* 5.75 1.76* 5.81 0.70 2.01
Workplace population density —0.09"* 0.91 —0.03** 0.97 —0.03" 0.97 0.01 1.01 0.03** 1.03
Workplace rail proximity 0.20* 1.22 0.08 1.08 0.04 1.04 -0.01 0.99 -0.26*" 0.77
Home rail proximity -0.08 0.92 -0.12 0.89 -0.12 0.89 -0.07 0.93 —0.44"* 0.64
Commute distance —-0.09"* 0.91 —0.03"* 0.97 —-0.03* 0.97 0.03*** 1.03 0.06™* 1.06
Inclusive utility 0.37**

Significance levels Indicated by estimate with level of significance (x < 0.1, s < 0.05, *xx < 0.01)

Model fit Log-likelihood: —1464.00

McFadden R?: 0.40
Likelihood ratio test : chisq = 1923.7 (P value = 0.00)

highly significant positive relationship with choosing the metro as primary commuting mode, suggesting that rail transit has
a clear competitive edge over car for long commutes. Additionally, population density in job location also relates positively
to choosing the metro over car for commuting.

The regression results also clearly indicate that the attitudinal variables are significant predictors of commuting mode
choice. Concern for money relates positively to commuting by rail transit, whereas desires for time savings and comfort
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Table 6
Estimated nested logit model of commuting mode choice for car owners (N =511).

Variable Walk Bike E-Bike Bus Rail

Estimate Exp(B) Estimate Exp(B) Estimate Exp(B) Estimate Exp(B) Estimate Exp(B)

Intercept 1.89 -1.76 0.63 5.55 8.79*

Age -0.30 0.74 -0.17 0.84 -0.19 0.83 —-0.33. 0.72 -0.36* 0.70
Age squared 0.01 1.01 0.00 1.00 0.00 1.00 0.00** 1.00 0.00* 1.00
Gender —-3.00 0.05 -1.13 0.32 -1.07* 0.34 —2.46™* 0.09 —1.93"* 0.15
# of employees 0.95 2.59 0.76 2.14 0.15 1.16 0.48 1.62 -0.14 0.87
# of children 1.50 4.48 0.46 1.58 0.58 1.79 -0.41 0.66 0.15 1.16
# of seniors 0.76 2.14 0.49 1.63 0.18 1.20 0.38* 1.46 0.19 1.21
Income —-0.02 0.98 —0.04" 0.96 —-0.03* 0.97 —-0.01" 0.99 —0.02** 0.98
Employment type -1.69 0.18 -1.90 0.15 -1.10 0.33 -0.72 0.49 —-0.69 0.50
Subsidy -3.23 0.04 -3.40 0.03 —2.04 0.13 —3.28" 0.04 —2.74* 0.06
Safety 0.34 1.40 -0.73 0.48 -1.04 0.35 0.06 1.06 -0.20 0.82
Comfort

Money 2.74* 15.49 3.22% 25.03 2.99** 19.89 1.92* 6.82 1.80"* 6.05
Time —3.09" 0.05 1.16 3.19 0.45 1.57 -1.69"* 0.18 —-0.76* 0.47
Metro intention -0.98 0.38 033 1.39 0.42 1.52 0.68 1.97 1.10** 3.00
Workplace LUM —-0.09 091 -0.75 0.47 0.98 2.66 -0.18 0.84 -0.82 0.44
Home LUM -0.42 0.66 421 67.36 1.23 3.42 0.50 1.65 -0.27 0.76
Workplace population density —-0.02 0.98 -0.12 0.89 —0.05 0.95 0.01 1.01 0.03** 1.03
Workplace rail proximity 0.31 1.36 -0.03 0.97 -0.02 0.98 0.05 1.05 -0.76** 0.47
Home rail proximity 0.75 2.12 -0.24 0.79 -0.29 0.75 -0.11 0.90 —0.78"** 0.46
Commute distance —0.48"* 0.62 —-0.02 0.98 —0.06 0.94 0.02 1.02 0.06™* 1.06
Inclusive utility 0.49**

Significance levels Indicated by estimate with level of significance (x < 0.1, ** < 0.05, **x < 0.01)

Model fit Log-likelihood: —358.65

McFadden R?: 0.46
Likelihood ratio test : chisq=616.71 (P value = 0.00)

relate positively to commuting by car; concern for safety is associated with lower mode shares for bike and e-bike. Further,
intention to use the metro shows a highly significant positive connection to its actual use as primary commuting mode.

The inclusive utility modeled is highly significant, indicating that the specified nest structure is appropriate to address the
IIA issue. The McFadden R? is 0.40, which shows that the model performs very well in explaining individuals’ commuting
mode choice.

4.4. Commuting mode choice by car owners

There is a likely endogenous relationship between car ownership and commuting mode choice, and therefore regression
analysis of people’s commuting mode choice without simultaneously considering their car ownership status may result in
biased estimation. To address this concern, we estimate another nested logit model of commuting mode choice using only
the subsample of employees from households that own one or more cars. The outcomes of the third model are presented in
Table 6. The results are mostly consistent with those of the model estimated using the whole sample, which suggests that
endogeneity between car ownership and mode choice does not significantly bias the estimation. However, there are some
noticeable differences, and the most obvious difference is that comfort is no longer included as an explanatory variable. This
is because among commuters from car-owning households, none of those who consider comfort as a major concern chooses
walk as primary mode for journey to work, and thus inclusion of comfort as an independent variable in the nested logit
model would cause the singularity problem in estimation.*

Another important difference is that several coefficients, including those for gender, money, time, metro intention, work-
place rail proximity, and home rail proximity, are considerably larger in absolute value. This suggests that the effects of gen-
der, attitudes, and home and workplace proximities to metro station become more pronounced on car owners’ choice of rail,
instead of driving, as primary commuting mode.

4.5. Substitutions between rail, bus and car

In light of the unresolved major controversy between rail transit supporters and detractors regarding the extent to which
rail substitutes pre-existing bus ridership, we used the estimated model to explore the substitutions between rail, bus and
car. We predict the mode shares for the four suburban neighborhoods under the hypothetical scenario in which the rail

4 To test the robustness of the regression results, we also estimated a multinomial model that included comfort as an independent variable. The results are
also highly consistent.



42 Q. Shen et al./ Transportation Research Part A 94 (2016) 31-44

service is outside the range of direct walking and biking access. Specifically, we assumed that all survey respondents’ home
and work locations were at least 5 km away from the nearest metro station, and calculated the mode shares.

Not surprisingly, the predicted mode share for rail would drop from 25 percent to almost O percent, whereas the pre-
dicted shares for bus and car would both increase quite significantly. The largest increase would be for bus, at 14 percent,
which indicates that bus and rail are indeed closest substitutes. Thus, our analysis shows that former bus passengers con-
stitute about 60 percent of rail transit ridership, somewhat lower than the percentages cited by Lave (1998). On the other
hand, without access to rail service the mode share for car would increase 7 percent, indicating that the rail transit has been
reasonably effective in reducing automobile dependence in Shanghai’s new suburbs.

5. Limitations

Because the research employed spatial cluster sampling for the household travel surveys, the observations are from only
four neighborhoods, which do not have much variation in the built environment. This may have contributed to the lack of
statistically significant association between home built environment characteristics and car ownership in the estimated
regression model. For future research, if available resources permit, it will be highly desirable to include in the sample a lar-
ger number of suburban neighborhoods with more diverse built environment profiles.

A related limitation, which may also have contributed to the lack of statistically significant relationship between the built
environment and car ownership, is that some potentially relevant control variables are missing. In particular, data on parking
availability is not available for this research, even though variation in parking supply may complicate the empirical result
regarding the relationship between car ownership and station proximity. For example, if new apartments built near rail tran-
sit stations are designed with good parking spaces to attract high-income households, the relatively strong appeal of conve-
nient parking may offset any effect of station proximity on car ownership.

A third shortcoming of this research is that it focuses primarily on rail transit versus car as alternative transportation
modes, while treating other modes in a peripheral manner. A possible substitution effect of rail transit on bicycling, which
is strongly suggested by the differences in mode shares between Jinqiao and the other three study areas, needs to be rigor-
ously assessed. Future research should aim to more systematically examine the complex relationships among all the choice
alternatives. However, it is important to understand that, even if rail transit replaces part of bicycling, the overall outcome
can still be highly positive due to the increased spatial accessibility and likely improvement in transportation safety.

6. Conclusions

Results of this empirical examination of household car ownership and individual commuting mode choice in selected
Shanghai suburban neighborhoods strongly suggest that the rail transit-supported urban growth generates significant pos-
itive effects. The effects are seen only in residents’ commuting mode choice, not in their car ownership status. A fundamen-
tally encouraging finding is that rail transit is chosen by a high percentage of residents who live in proximity to a metro
station as primary commuting mode. In the case of the three metro station-proximate areas, the mode share for rail transit
is 40 percent, much higher than the 9 percent for Jinqiao area, which was beyond walking distance from any metro station
when the travel survey was conducted. The 40 percent share for rail transit is also significantly higher than the overall mode
share for rail in Shanghai.’

Perhaps even more revealing of positive impacts of the rail transit is the finding that longer-distance commuting gives the
metro a clear competitive edge over the car. Providing a viable public transportation option for the suburbanizing popula-
tion, who typically have a long journey to work, is the key objective of rail transit development in large Chinese cities. As the
metro system captures a large mode share for long commutes, the rail transit-supported urban expansion effectively mod-
erates automobile dependence that would otherwise reach a much higher level.

Our empirical study has also identified various socio-economic, built environment, and attitudinal variables that help
explain people’s car ownership status and mode choice. Socioeconomic factors are the most important predictors of car own-
ership and use. Higher income, higher job position with a flexible work schedule, and larger amount of transportation sub-
sidy all relate significantly to greater probabilities of owning and driving cars. Several built environment variables show
significant associations with individuals’ choice among alterative commuting modes, although they do not seem to influence
households’ decision on car purchase. In particular, higher population density in work location and shorter distances to
metro stations from home and workplace are strongly associated with higher likelihood of commuting by rail transit. Equally
worth paying attention to are the significant associations between people’s attitudes and the observed behaviors. Consider-
ations of money, time, comfort, and safety appear to exert measurable influences on car ownership and mode choice in the
expected directions, and the intention to ride the metro for commuting is reflected in its actual use as primary mode for jour-
ney to work.

These empirical findings have important implications for transportation policy and urban planning in Shanghai, in other
large Chinese cities, and perhaps in major cities in other developing countries. First, rail transit-supported urban growth can

5 Rail transit accounted for 17 percent of Shanghai commuters’ trips in 2009. Although data is not available for 2010 or 2011, it is without reasonable doubt
that commuting mode share for rail for the city as whole was far below 40 percent.
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be an effective strategy for countering automobile dependence typically associated with the population increase, economic
development, and physical expansion of large cities. The outcomes, especially the reduced mode share for car, seem to justify
the widely-spread enthusiasm among Chinese transportation planners and policy makers for this strategy.

Secondly, this strategic approach must be facilitated by both transportation policies and land use plans. In particular,
transportation subsidy generally encourages car use and therefore should be carefully redesigned, whereas urban land
use should be integrated with rail transit development by locating new residential neighborhoods and commercial
and service establishments near metro stations, and by increasing development densities. Future practice of transit-
oriented development (TOD) in large Chinese cities must be adapted to the local context, which is partly characterized by
rail network layout and station locations, to help maximize the benefits created by modern rail transit service.

Thirdly, in light of the strong connection between people’s attitudes and travel behaviors, rail transit-supported urban
expansion can be complemented by ensuring timely provision of rail transit for people who are relocating to the suburbs.
Moreover, greater effectiveness can be achieved by improving the speed, safety, and comfort of rail transit service.
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