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Abstract: To analyze the influence of the transit accessibility
of stops on the travel mode choices of suburban residents, the
number of the lines passing by the stops within an accessible
range of the resident origin and destination (OD) points and
the average waiting time are used as the indexes of the transit
accessibility of stops. Due to the correlation between travel
time and accessible range, the transit accessibility of stops is
contrasted as piecewise variables constrained by travel time.
Taking the Jimei District of Xiamen, China, as an example, a
binary logistic regression model of the suburban travel mode
choice is constructed. The results show that it is necessary to
construct transit accessibility of stops as piecewise variables.
With a higher transit accessibility of stops, more residents will
choose public transport. The choice of the travel mode is
correlated with family attributes and personal characteristics.
Morning and evening peak hours and travel distance have little
effect on the choice of travel mode. Compared with the travel
in urban areas, residents often chose public transport for travel
within the suburbs. This research provides a basis for
encouraging public transportation priority policies and decision
making for transport planners in the suburbs.
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mong the characteristics of the built environment,

accessibility is one of the main factors in studies
dwelling on travel mode choice. Etminani-Ghasrodashti et
al. " have studied the influence of traffic accessibility,
including the distance from home to the closest bus stop
and intersection, where traffic accessibility has a signifi-
cant impact on the residents’ travel mode choice. Low ac-
cessibility of public transport in the suburban areas was
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related to less use of public transport by the suburban resi-
dents and less cross-regional bus use by the urban resi-
dents'” . This paper mainly studies the factors, especially
the transit accessibility of stops, affecting the choice of
travel mode of the suburban residents.

When studying the transit accessibility of stops and the
corresponding networks, most scholars have considered
a single variable to construct the travel mode choice
model and not considered the correlations among varia-
bles”™. Notably, travel time includes the walking time
to stop, waiting, and travel time on the bus. The greater
the proportion of the required walking time in the total
travel time, the smaller is the advantage offered by that
public transport. Indicators of the transit accessibility of
stops are both constrained by the travel time. Therefore,
this paper defines the indicators of the transit accessibili-
ty of stops as piecewise variables based on the travel
time.

Many scholars have used disaggregated models to study
the residents’ travel mode choices””. A disaggregated
model takes each individual as an analytical unit to ana-
lyze the influence factors of travel mode choices, which
is a discrete choice model based on the stochastic utility
maximization theory. Such models are basically structure-
d as binary”™, multinomial'”, and nested logic models'
according to the response variables. In this paper, the re-
search focuses on car and bus travel in the suburbs;
hence, a binary logic model is used.

Residents of Jimei District in Xiamen, China,
used as a case study. Based on the survey data of the
residents’ trips and GIS data on bus stops and travel OD
points in this area, this paper uses the number of stops
multiplied by the corresponding lines and average waiting
time within the defined scope as the indexes of transit ac-
cessibility of stops. A binary logistic regression model is
then constructed to empirically study the travel mode
choice of suburbanites between cars and public transport.

1 Methodology

were

A binary logistic regression model of car and bus travel
modes is constructed in this paper to explore the influence
of the transit accessibility of stops on the travel mode
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choice of suburbanites, where the family attributes, per-
sonal characteristics, and travel characteristics of residents
are considered as well. Specifically, relations with urban
and suburban areas are factors involved in the travel char-
acteristics, as travel in different areas may influence the
choice of travel mode'”.

The latitude and longitude coordinates of origin and
destination (OD) points obtained from the residents’ trip
survey data and bus stops were stored in the ArcGIS soft-
ware to analyze their spatial relationships. According to
the provision of the service area of bus stops in the urban
road traffic standard, the service area of bus stops should
not be less than 50%
within a stop radius of 300 m and should not be less than
90% within a stop radius of 500 m""”
for urban public transit optimization, this study selects the
300 and 500 m ranges as the reach of the transit accessi-
bility of stops.

of the urban land area calculated

. To provide a basis
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As mentioned above, a correlation exists between the
travel time of residents and transit accessibility of stops.
In dealing with the transit accessibility of stops for resi-
dents based on travel OD points, piecewise variables are
established using the constraint of travel time. The inde-
xes of the transit accessibility of stops can be expressed as
follows:

O ,=to, +(1 -t)(0, +0,) (1)
D =td, +(1-1)(d, +d,) (2)
O,=t0,+(1-1(0,, +0,,) (3)

where O, and D, reflect the accessible bus lines of points
O and D for the residents, respectively; O, is the average
waiting time of the origin stop; ¢ is an indicative func-
tion, where a value of 1 indicates that the travel time is
within a given set time span, and a value of O indicates
that the travel time is beyond that time span; o, and o, are
the products of the numbers of stops and lines in the O to
300 m and 300 to 500 m ranges from the origin, respec-
tively; d,(i =1,2) are defined for the destination in a
similar way; O,, and O,, are the average waiting time,
calculating the 1/2 average headway of the lines in the
ranges of 0 to 300 m and 300 to 500 m, respectively. To

The transit accessibility range is determined by setting a
given OD point as the center point and creating a 300- or
500-m radius around that point. In this paper, the indexes
of the transit accessibility of stops are defined as the com-
bination of the number of stops and the number of corre-
sponding bus lines at the OD stop and the average waiting
time at the origin stop. Fig. 1(a) illustrates the method
for calculating the bus stop numbers. Fig. 1(b) shows the
actual bus stop accessibility. For example, stops “A” and
“a” are two stops of the same name in the round-trip di-
rection. If bus lines 1 and 2 pass through these two stops
in the round-trip direction within the considered accessible
range, the number of reachable stops is four for these two
stops. In other words, the number of reachable bus lines
can be calculated as the number of stops multiplied by the
corresponding number of lines in the reachable area. The
ideal average waiting time can be calculated by the 1/2
average headway of the number of reachable bus lines.

(b)
7% 500 m reach range

Fig.1 Transit accessibility of stops. (a) Method for calculating bus stop number; (b) Actual bus stop accessibility

make the average waiting time closer to that of the real
scene in Xiamen, only bus trips with an average headway
of less than 25 min are considered.

2 Data Sources and Descriptions
2.1 Description of the study area

This paper selects the residents of Jimei District in Xia-
men as a case study. According to the data from Xiamen
in 2010, 60% of the jobs in the city are located on Xia-
men Island'""'. Due to the lack of public transportation
facilities, the separation of residential and employment
activities between Jimei District and the urban center has
caused a rapid increase in car ownership and stimulated
the demand for car travel. By the end of 2014, the num-
ber of registered motor vehicles reached approximately
178 000 or up to 14.34% from the previous year, and the
bus sharing rate was only 35% in Jimei District'”’. This
value is lower than the bus sharing rate of the entire city
(44.3% )", To study the impact mechanism of the low
bus sharing rate in the suburban area, this research focu-
ses on the travel behavior of suburban residents in Jimei
District.
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2.2 Research data

The data used in this paper were obtained from resident
trip surveys in Xiamen in 2016, which were recorded by
Through these surveys, detailed
personal travel information from a random sample (indi-

electronic equipment.

viduals aged 6 years and above) of households was col-
lected in Xiamen City. The survey was divided into three
parts: family characteristics, personal characteristics, and
daily travel characteristics. Tab. 1 shows the statistical re-
sults.

According to the survey, the average travel time of the

Tab.1 Variables of influence from the trip surveys of suburban residents

Category Variable Classification Sample size Frequency/ %
. Public transport 335 34.32
Dependent variable Travel mode
Car 641 65. 68
. . . Yes 650 66. 60
Family attributes Car ownership
No 326 33.40
Male 579 59.32
Gender
Female 397 40. 68
Personal 0to 18 76 7.79
characteristics A 19 to 40 615 63.01
e
g 41 to 60 243 24.90
=61 42 4.30
. Yes 651 66.70
License
No 325 34.30
. . Yes 495 50.72
Travel Morning and evening peak
- No 481 49.28
characteristics
. . <30 710 72.75
Travel time/min
>30 266 27.25
Travel distance Occurrence 976 100. 00
Travel OD Relations with urban and Urban and suburban 221 22.64
properties suburban areas Suburban and suburban 755 77.36

residents in Xiamen City and Jimei District is 25. 52 and
23.66 min, respectively. In addition, 72. 75% of the
residents in Jimei District travel within 30 min, and the
mode, which is the value that occurs most frequently, of
the residents’ travel time is 30 min. Therefore, a trip of
30 min is used as a critical value to construct piecewise
variables for the transit accessibility of stops. That is,
when the trip time is within 30 min, public transportation
facilities within 300 m are selected to determine the transit
accessibility indexes. When the trip time exceeds 30 mi-
nutes, public transportation facilities within 500 m are se-
lected to determine the transit accessibility indexes.

The location information for 976 OD pairs of residents
in Jimei District can be associated with the GIS data for
the stops of all bus lines in Xiamen. Meanwhile, the
reachable ranges of 300 and 500 m for OD pairs are estab-
lished in ArcGIS using a buffer analysis (see Fig. 2).
The indexes of transit accessibility of stops can then be
calculated.

3 Model Results

Tab. 2 presents the estimated results of the binary lo-
gistic regression model of the suburban resident travel
mode choice. Model results suggest that the variables of
the transit accessibility of stops can significantly influ-
ence the choice of travel mode (p <0.01). The likeli-
hood of choosing public transport increases by 1.01 times

e Trip demand point
* Bus station
® 300 m buffer
500 m buffer
—— Road

Fig.2 Accessible bus lines of stops based on travel OD points

as the accessible bus lines of the stops increase, but there
is almost no difference in the travel mode choice between
the accessible bus lines of the stops for point O and point
D. At the same time, the likelihood of choosing public
transport increases by 1. 18 times as the average waiting
time reduces. In addition, links with urban and suburban
areas have a significantly positive effect on public trans-
port travel, and the travelers within the suburban areas are
1.57 times more likely to choose public transport.

In terms of family attributes, car ownership has a signif-
icantly negative effect on the public transportation choice
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Tab.2 Results of binary logistic regression model of suburban
residents’ travel mode choice

Variables L% Odds ratio )4

Car ownership -2.42 0.89 0.000
Gender ( male) -1.12 0.32 0. 000
Age (0 to 18) -1.05 0.35 0.180
Age (19 to 40) -0.79 0.45 0.270
Age (41 to 60) -1.58 0.21 0.030
License (yes) -1.74 0.17 0. 000
Morning and evening peak (yes) -0.28 0.97 0.908
Travel distance 0 1.00 0.939
Relations with urban and suburban

0.45 1.57 0.240
areas
The accessible bus lines O, of the

0.01 1.01 0.000
stops for travel O points
The accessible bus lines D, of the

0.02 1.02 0.000
stops for travel D points
The average waiting time O,, of

0.16 1.18 0.002

the stops for travel O points

of suburban residents. Thus, if a family has a higher car
ownership level, the family is less likely to choose public
transport. All personal characteristic variables, including
gender, age, and the possession of a license, significant-
ly influence the choice of travel mode.
males are 3. 13 times less likely to choose public transpor-
tation than females; people under the age of 60 are less
likely to choose public transportation; and people who
have a driver’s license are 5. 88 times less likely to choose
public transportation. Among the travel characteristic var-
iables, morning and evening peaks have insignificant
effects on the travel mode choice. A possible reason may
be that the travel delay caused by the morning and eve-

Specifically,

ning peak congestion in Xiamen is not so serious. In ad-
dition, travel distance has little effect on the choice of
travel mode. Xiamen is an island-type city. Traveling
from suburban to urban areas involves a long travel dis-
tance due to the bridges required to travel into and out of
the island area.

These findings indicate that among family attributes,
personal characteristics play negative roles in the selection
of public transport travel (y <0), and travel OD proper-
ties facilitate public transport travel (y >0). The model
results for the travel mode choice confirm the importance
of the transit accessibility of stops in public transporta-
tion. Improving the suburban public transport planning
can serve as a key strategy to increase the stop transit ac-
cessibility and to encourage the use of public transport.

4 Conclusions

1) The transit accessibility of stops had a positive influ-
ence on the choice of public transportation. With a higher
transit accessibility of stops, bus transport becomes a
more attractive transport mode and residents are more
likely to choose public transport. The increasing number
of accessible bus lines indicates the increasing opportunity

of choice. Waiting time is an important part of the total
travel time, which affects the travel experience of passen-
gers.

2) The indicators of the transit accessibility of stops are
constructed as piecewise variables to reflect the correla-
tions between the travel time and accessible range. Ac-
cording to this research, it is insufficient to simply con-
sider the transit accessibility of stops within the range of
300 or 500 m. The total travel time of this segment
should be made based on the scale of the specific city,
and cities of different sizes may use different time spans.

3) Family attributes and personal characteristics are
strongly correlated with the choice of travel mode of sub-
urban residents. The travel characteristics have no signifi-
cant influence on the residents’ travel mode choices. In
addition, compared with the travel between the suburban
and urban areas, residents often chose public transport for
travel within the suburbs.
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