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Short distance trips are defined as any trips shorter than or equal to 5 kilometers, which have been found to be a big contributor
to the traffic congestion problem. This paper is intended to analyze factors that influence the mode choice of short distance travels
in order to help reduce short distance trips by cars. A survey is conducted at two typical kinds of residential areas, one with a high
proportion of short distance car trips and another one with a low proportion.Then, by applying the structural equationmodeling, it
is found that the age, the household income, and the vehicle ownerships have a significant effect on themode choice of short distance
travels. Besides, among residents of the same type (same age, household income, and vehicle ownerships) in surveyed areas, those
in the area with a better green-mode travel environment account for a higher proportion choosing the green mode than those
in other areas. Based on this result, it is concluded that a better green-mode travel environment leads to a higher proportion of
green-mode travels. In the end, the paper shows residents’ stated willingness to change travel modes from cars to the green mode.

1. Introduction

An explosive increase of the car ownership has worsened
traffic congestion and air pollution problems in Beijing.
According to the statistics in 2010, there were 41.3 million
trips per year in Beijing [1], in which the car trips accounted
for 33%. The short distance car trips, defined as any trips
shorter than or equal to 5 kilometers, reached as high as
over 40% of all car trips, which is more than twice of that in
Copenhagen and is becoming a big contributor to the traffic
congestion problem [2]. From the statistic result, it can be
observed that short distance car trips can be attributed to
three main purposes, among which commuting trips rank
the highest, followed by purposes of picking-up or dropping-
off students and shopping. Proportions of trips for these
three purposes are 45.1%, 21.2%, and 9.8%, respectively, which
account for as high as 76.1%of the total short distance car trips
[3]. In order to improve traffic conditions and mitigate traffic
congestions, the government has implemented many travel
demand management (TDM) policies, such as the restrictive

measure on the vehicle use, vehicle registration via a lottery
system, and raising fees for parking in the center district.
However, the effectiveness of those measures has not been
encouraging, especially in view of the continued excessive use
of cars for short distance travels.

Traffic system is a dynamic complicated one which
consists of travelers, travel modes, and roads. Travelers play
an important role in the system. Nowadays, mode choice in
the short distance trip is a hot issue in the traffic research,
which is often considered as a discrete problem.With Beijing
as the study area, the primary objective of this paper is to
identify reasons why so many short distance car trips exist.
After a summary of existing studies, this paper designed
a three-step approach. First, the paper analyzed both the
data provided by the Fourth Comprehensive Traffic Survey
in Beijing [2] and the data collected from field surveys at
two kinds of residential areas. Second, based on a structural
equation model, factors influencing the mode choice of the
short distance travel were identified. Finally, with the stated
preference (SP) survey, the stated willingness of mode shift
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and preconditions were analyzed. Findings from this paper
can help the government develop effective TDM policies that
promote the mode shift from cars to a green mode (i.e., bus,
subway, bike, and walking in this paper) and contribute to
optimizing the travel mode structure and mitigating traffic
congestions.

2. Overview of Existing Studies

In the past years, many studies have been conducted that
focused onmedium and long distance travels, including ones
by Algers [4], Mallett [5, 6], and Limtanakool et al. [7, 8].
However, recent studies have indicated that many residents
prefer car trips to other modes, even though for a very short
distance trip. In Great Britain, Mackett [9] concluded that
only 22%of short distance car tripswere essential, and the rest
could shift to other modes. In order to attract motorists out
of their cars onto alternatives for short trips, many cities have
been adjusting the travel mode structure by limiting vehicles
and improving public transit. Mackett [10] identified that the
most significant action to reduce the number of car trips
is to improve public transit. de Nazelle et al. [11] suggested
that reducing short distance car trips would modestly reduce
the air pollution from the mobile source. Maibach et al. [12]
reviewed a number of immediate, practical opportunities to
implement policies and programs. In conclusion, reducing
short distance car trips is necessary andmeaningful for traffic
and environment.

Recently, more andmore studies have focused on looking
for reasons why people use their cars for short distance
travels. By investigating car trips and alternative travelmodes,
Mackett [9] showed some main reasons for short distance
travels, such as carrying heavy goods, shortage of time,
and convenience. After analyzing short distance trips and
an attitude survey, which was carried out in Gothenburg,
Forward [13] concluded that attitudes, subjective norm,
perceived behavioral control, and habit can be considered as
main influencing factors.Wu and Li [14]made an exploratory
research to conclude that external environment, public ser-
vice, cost restriction, and induction factors are four most
important factors that affect urban residents’ mode choices
of short distance travels. Kuby et al. [15], Limtanakool et al.
[7], and Loo et al. [16] concluded that the land use had an
important effect on themode choice.Walton and Sunseri [17]
examined ten main factors on short distance trips, including
weather and parking charges. Kim andUlfarsson [18] thought
an environment that attracts people’s interest and provides
activity opportunities encourages people to walk on short
distance trips. There were some other related studies that
focused on the design of residential area [19–21].

Models on the travel mode choice include the aggregate
model and disaggregate model. Ben-Akiva et al. [22] devel-
oped a dynamic model that focused on the traffic congestion
during peak hours. In the model, a limited number of
bottlenecks were considered. From then on, the disaggregate
model became more and more popular, such as multinomial
logit (MNL) model [23] and nest logit (NL) model [24, 25].
By considering the problem of independence of irrelevant
alternative (IIA) in the logit model [26], Bhat [27] developed

a new heteroscedastic extreme value model for the intercity
mode choice. Besides, since 1980s, researchers have started to
model the mode choice by the structural equation modeling
(SEM). SEM is a flexible linear-in-parameters multivariate
statistical modeling technique [28]. Because it allows a set of
relationships between one or more variables to be examined,
it has been widely used in modeling travel behaviors and
values [29]. Golob [28] did a complete review on SEM for
travel behavior research. Ewing et al. [30] applied SEM to
analyze the relationship between the mode of travel to school
and the full range of factors that might affect this mode
choice. It concluded that more students would likely choose
walking or bike to commute under the following situations:
(a) shorter travel time bywalking or bike and (b) sidewalks on
main roads to school. Li et al. [31] modeled a SEM to analyze
factors influencing transit customers’ loyalty in Shanghai. In
addition, the SEM was also used for the analysis of travel
demands [32] and the mode choice of urban residents [33].

From the above review of existing studies, SEMwas iden-
tified as an efficient model for analyzing factors influencing
the travel mode choice. Because the sample data are required
to be positive-definite in the SEM, but factors related to the
travel environment cannot always satisfy this requirement,
this paper strives to combine the SEM with the comparative
analysis to identify factors associated with travelers’ char-
acteristics and travel environment. By developing a SEM,
the paper strives to identify significant factors of travelers’
characteristics that influence the mode choice. Based on the
results, the paper compares travel behaviors of residents with
same characteristics in order to determine the influence of the
traffic environment on themode choice. In the end, the stated
willingness and preconditions to shift the travel mode from
cars to other alternative greenmodes are analyzed, which will
help the government implement effective TDM policies for
reducing short distance car trips in Beijing.

3. Analysis of Factors Influencing
Mode Choice

3.1. Data Preparation. During the Fourth Comprehensive
Traffic Survey in Beijing carried out in 2010 and 2011, the
central city was divided into 902 traffic analysis zones (TAZs),
in which 46.88 thousand households were surveyed, and 0.28
million of all sorts of trips from 0.11 million individuals were
recorded. This research analyzed the distribution of short
distance car trips as shown in Figure 1, which illustrates the
number and the proportion of short distance car trips of
interviewees of each TAZ in six districts of center Beijing.

In order to avoid bias of the proportion of short distance
car trips caused by small sample size, both proportion and
the number of short distance car trips should be taken into
account. Based on the rule, the research selects three TAZs.
The travel modes distribution of their short distance trips
is shown in Figure 2. From this figure, it is clear that the
proportions of short distance car trips of Zone 1 and Zone
2 are much higher than the average level in Beijing, and
the proportions of short distance green-mode trips are much
lower. On the contrary, the proportion of short distance car
trips in Zone 3, 4.37%, is much lower than the average level
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Figure 1: Number and proportion of short distance car trips in each
TAZ.
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Figure 2: Proportion of short distance travel modes in three TAZs.

in Beijing. So, Zone 3 represents the kind of TAZ which has a
good travel mode structure.

In order to combine the travel environment research
with the residents’ travel behaviors survey and to investi-
gate the willingness and preconditions of mode shift, the
research selected three typical residential areas according
to the number of households in each zone. They are High
Proportion Area 1A, High Proportion Area 1B, and Low
Proportion Area 2, which were classified into two types. High
Proportion Areas 1A and 1B represent residential areas with
a high proportion of short distance car trips, while Low
Proportion Area 2 represents the one with a low proportion.
Furthermore, the study selected two groups of residents in

each area. One is the group that mainly uses cars for short
distance trips, and another one is the group that mainly uses
green modes. Then, the study collected the data by a SP
survey in order to analyze residents’ travel behaviors and
stated willingness to switch themode. During the survey, this
research improved the questionnaire quality by repetitious
designs, field pretests, andmodifications. In the end, the study
collected 778 valid samples.

At the same time, the study surveyed the travel environ-
ment in each area and its extended region, which contains
the area within 5 kilometers from the center of the area. The
travel environment includes the vehicle travel environment
and green-mode travel environment. For the vehicle travel
environment, the paper selected several indexes, including
the density of the internal vehicle road network, the density of
the extended vehicle road network, and the average distance
to nearby main roads. For the green-mode travel environ-
ment, the paper focused on the safety and convenience of
green modes. Indexes include the width of walkway, the
density of separated walkway and bus stops, and the distance
to the nearest metro station. After the survey, results are
summarized into Table 1. In High Proportion Areas 1A and
1B, the density of vehicle roads is higher and the distance to
main roads is shorter than that in Low Proportion Area 2.
However, the width of walkway, density of walkway, and bus
stops are lower than those in Low Proportion Area 2. Thus,
the vehicle travel environment in High Proportion Areas
1A and 1B is better than that in Low Proportion Area 2,
but Low Proportion Area 2 has a better green-mode travel
environment than the other two areas.

3.2. Traveler Characteristics Influencing Mode Choice. After
collecting 778 valid questionnaires in three resident areas, the
research did a statistical analysis on residents’ mode choices
in short distance trips. On the basis of existing findings
[30, 33], this paper selected six common residents’ charac-
teristics, which influence residents’ mode choices, including
gender, age, household income, number of students, vehicle
ownership, and bicycle ownership in the household [34]. In
order to reduce the accidental error from the limited samples,
the research only focused on car, bicycle, and walking and
excluded some groups, like the group of age (<20) for samples
less than 50. It should be noted that the household income is
a monthly income in the unit of thousand Chinese currency,
RMB. Statistical results are shown in Figure 3.

As shown in Figure 3, there are different proportions of
mode choices in short distance trips for residents with differ-
ent characteristics, especially those with different household
incomes or vehicle ownerships. For example, for the residents
with the household income less than 5,500, 34% of this group
is more likely to choose cars for short distance travels. With
the increase of the income, the proportion of travels by cars
increases as well.

In order to further identify the prior factors influencing
the mode choice in short distance trips, the SEM model was
selected in the research. Since the SEM is a confirmatory
rather than an exploratory technique, the first step in applying
SEM is the specification of a model. In order to meet
the requirement of being positive-definite in SEM [28],
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Table 1: Comparison of travel environment in each area.

Index
High

Proportion Area
1A

High
Proportion Area

1B

Low Proportion
Area 2

Vehicle travel
environment

Density of internal vehicle road network
(km/km2) 11.7 14.3 9.3

Density of extended vehicle road network
(km/km2) 5.9 7.0 4.6

Average distance to main roads around (km) 0.7 0.6 0.9

Green-mode travel
environment

Width of walkway (m) 1.9 2.8 4.0
Density of separated walkway (km/km2) 0.0 0.0 7.8
Density of bus stops around the area
(station/km2) 18.2 7.0 44.4

Density of bus stops in extended region
(station/km2) 7.9 6.7 8.7

Distance to the nearest metro station (km) 4.8 2.3 1.4
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Figure 3: Proportion of mode choices in short distance trips.

the sample data that represent travelers’ characteristics are
organized and classified in SPSS as shown in Table 2. Then,
the paper designs a primary SEM based on model variables
as shown in Figure 4.

A number of criteria were developed for assessing the
overall goodness-of-fit of the SEM and measuring how well
one model does versus another one [35, 36]. Until now,
goodness-of-fit measures for a single model include indexes
like the Root Mean Square Residual (RMSR), the Probability

Lever (𝑝), the Goodness-of-Fit Index (GFI), the Adjusted
Goodness-of-Fit Index (AGFI), and the Root Mean Square
Error of Approximation (RMSEA). In general, if the model
could satisfy the conditions 𝑝 > 0.05, RMSEA < 0.08, GFI >
0.9, and AGFI > 0.9, the output of this model is considered
acceptable [37].

In this paper, AMOS [36] is applied as a tool to solve
the SEMmodel. In AMOS, the method most widely used for
the estimation is the maximum likelihood (ML) estimation,
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Table 2: Descriptions of model variables.

Abbreviation Characteristics Description
Gender Gender Male = 1; female = 2
Age Age <20 = 1; 21–40 = 2; 41–60 = 3; >60 = 4

Income Household income
(×1000 RMB) <5.5 = 1; 5.5–10 = 2; 10–20 = 3; 20–30 = 4; >30 = 5

Student Number of students in household Numbers 0, 1, 2, 3,. . . . . .
carHH Vehicle ownership Numbers 0, 1, 2, 3,. . . . . .
bikeHH Bicycle ownership Numbers 0, 1, 2, 3,. . . . . .
Mode Travel mode Car = 1; bicycle = 2; walking = 3

Traveler characteristics

bikeHHe1
1

carHHe2
1

Studente3
1

Incomee4
1

Agee5
1

Gendere6
1

Mode

1

Mode choice

e8

11

1

e7
0

p = \p AGFI = \AGFI 

RMSEA = \RMSE GFI = \GFI

Figure 4: Primary structure of travelers’ characteristics in the SEM.

which assumes multivariate normal data and a reasonable
sample size. If the data are continuous but not normal, an
alternative estimation method is asymptotically distribution
free (ADF). ADF is good when the sample size is greater than
200 [38]. Because the SEM in this paper contains ordinal
variables, and the sample size is 778, the ADF is chosen
for estimating parameters. After the model was estimated,
evaluated, and modified in AMOS, several variables were
eliminated since they had no significant effect on the mode
choice, including “gender,” “student,” and “bikeHH.” In the
end, indexes for the model are 𝑝 = 0.329, RMSEA = 0.000,
GFI = 0.999, and AGFI = 0.990, which means that results of
the SEM well satisfy the sample data. After the path analysis,
results are shown in Figure 5.

Note. (1) C.R. is a ratio of the parameter estimate to the stan-
dard error, and 𝑧-statistics provide the statistical significance
of the estimated parameter. (2)𝑋 is a type of probability and
the ∗ ∗ ∗ symbol indicates that the value is below 0.001.

As shown in Figure 5, three of six factors, the age,
household income, and vehicle ownership, have a significant
effect on the mode choice. Standardized estimate represents
the degree of effect between one factor and another. The
effect of the vehicle ownership is bigger and its standardized
estimate is −0.818, and the standardized estimates of the
age and household income are 0.391 and −0.556. On the
other hand, the effect of the household income is negative,
but the effect of the age is positive, which means that, with

the increase of the household income, the percentage of
car trips will increase. With the increase of the age, the
percentage of travels by the bicycle or walking will increase.
It is noted that this conclusionmay be different for developed
countries. Because the trend of the urban trafficmotorization
has lasted for only 20 years in China, the senior citizens are
still accustomed to travels by bicycles or walking. The above
analysis implies that implementing TDMpolicies of reducing
the car ownership may have a significant positive effect on
reducing the short distance car trips.

3.3. Travel Environment Influencing Mode Choice. In order
to explore the effect of the travel environment on the mode
choice, the paper compared travelers with same residents’
characteristics in all three areas. On the basis of the earlier
analysis, the age, household income, and vehicle ownerships
have a significant effect on the mode choice, so the same
resident type is here defined as residents with the same age,
household income, and vehicle ownerships. For the purpose
of comparison, two samples were selected in the residents
who mainly use cars for short distance trips, which had
enough sample sizes.

It is observed from Figure 6 that the proportion of green-
mode trips of Low Proportion Area 2 is significantly higher
than that of High Proportion Areas 1A and 1B. In particular,
in Sample 2, the proportions reached 39% in Low Proportion
Area 2, 18% in High Proportion Area 1A, and 23% in High
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Figure 5: Effect of travelers’ characteristics on mode choice.
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Figure 6: Proportion of short distance green-mode trips.

Proportion Area 1B. As shown in Table 1, Low Proportion
Area 2 has a better green-mode travel environment than
the other two areas, so it can be observed that a better
green-mode travel environment tends to result in a higher
proportion of green-mode travels even for the same traveler
group.

4. Stated Willingness and Preconditions for
Mode Shift

Based on the earlier analysis, the paper discusses the stated
willingness and preconditions for the mode shift from cars
to the green mode for various travel purposes. The stated

willingness is based on the 514 questionnaires on the resi-
dents who mainly use cars for short distance trips in High
Proportion Areas 1A and 1B. Therefore, results are useful
for the improvement of the travel environment. Besides, the
mode shift preconditions include bike lane facilities, walkway
facilities, and distance to bus stops. It should be explained
that, for the bike lane andwalkway, separatedmeans that there
is a physical separation between the motorway and the bike
lane or walkway. Canopy is a facility covered on the walkway
for protecting the pedestrian from rain and sunlight.

4.1. For Commuting. Due to nature of the subject short
distance trips in this research, the bus and subway options
are not considered. For the bicycle, it is observed that if
the bicycle rental station is closer and the cycling path is
wider, more residents will shift to the mode of bicycles
for commuting. For the bicycle rental station, only 9.3% of
respondents chose 500m as their acceptable distance for
the mode shift to the bicycle. On the other hand, 30.2%
of residents chose the separated bike lane with more than
2.5mwidth as theirmode shift precondition. For thewalkway
facilities, 18.1% of residents will change their mode from cars
to walking when the walkway is 3m wide, separated, and
covered with a canopy. Based on this, it is more effective to
improve the travel environment for bicyclers.

4.2. For Picking-Up and Dropping-Off Children. The highest
proportion of respondents who are willing to shift the mode
for picking-up and dropping-off children is 27.4%. It is lower
than that for other three purposes (30.2%, 51.9%, and 39.7%).
The reasonmay be the consideration of the safety of children,
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Table 3: Stated willingness of mode shift for various travel purposes.

Condition For commuting For picking-up and
dropping-off children For shopping

For
visiting
friends

Distance to
bicycle rental
station

In 1500m 2.1% 0.4% 0.2% 0.2%
In 1000m 3.9% 1.6% 1.4% 0.4%
In 500m 9.3% 4.1% 6.2% 3.7%

Bike lane
facilities

1.5m (width), ride with traffic 1.8% 0.8% 0.6% 0.2%
2.5m, separated 6.2% 5.3% 5.8% 1.0%
>2.5m, separated 30.2% 13.8% 19.1% 8.8%

Walkway
facilities

1.5m, ride with traffic, no canopy 1.0% 0.2% 0.0% 0.2%
1.5m, separated, no canopy 2.9% 1.4% 1.8% 1.6%

1.5m, ride with traffic, with canopy 1.6% 0.6% 2.7% 1.6%
3m, separated, with canopy 18.1% 10.9% 14.8% 9.5%

Distance to
bus stops

In 1000m — 1.0% — 0.0%
In 800m — 2.5% — 2.3%
In 500m — 11.5% — 20.0%
In 300m — 27.4% — 39.7%

Travel time
by bus

3 times that by car — 0.0% — 0.2%
2 times that by car — 9.1% — 11.5%
Equal to that by car — 24.7% — 28.8%
Less than that by car — 27.0% — 30.9%

Distance to
subway
station

In 1500m — 0.4% — —
In 1000m — 1.0% — —
In 800m — 8.2% — —
In 500m — 19.6% — —

School bus
Travel time less than 10min — 14.2% — —
Travel time less than 20min — 0.8% — —
No accident in recent 2 years — 18.3% — —

Distance to
shuttle

In 1000m — — 0.4% —
In 800m — — 1.8% —
In 500m — — 19.8% —
In 300m — — 51.9% —

Travel time
by shuttle

3 times that by car — — 0.8% —
2 times that by car — — 13.2% —
Equal to that by car — — 39.3% —
Less than that by car — — 41.6% —

which makes some parents unwilling to give up cars. In spite
of this, 27.4% of respondents chose 300m as the acceptable
distance between the bus stop and the trip origin. In terms
of the travel time by the bus, if it is equal to the travel time
by cars, 24.7% of respondents will shift from the car mode to
the bus.Thismay relate to the limitation of parking spaces for
cars in Beijing. If the travel time by the bus is double the travel
time by the car, the proportion decreased to 9.1%. However,
when the travel time by the bus is triple the travel time by
cars, no respondent is willing to choose the bus. Considering
the findings above, it is meaningful to developmore bus lanes
to shorten the travel time by the bus, which could attract
some residents to shift from the car mode to the bus. On the
other hand, there are 14.2% of respondents who are willing

to change into the school bus if the travel time is less than
10min, while 18.3% of respondents will change if the school
bus has no accident in recent 2 years.

4.3. For Shopping. For the purpose of shopping, there is a
higher demand on shopping shuttles while there is a lower
willingness of choosing walking or bicycle. More than 50% of
respondents chose the shopping shuttle if the required travel
environment is met, but less than 20% chose the bicycle or
walking.The reasonmay be that there are no time limitations
for shopping using the shuttle, and the shuttle is free and
convenient. From Table 3, 51.9% of respondents chose 300m
as the acceptable distance between the shuttle stop and the
trip origin, while 19.8% chose 500m. If the distance is longer,
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the proportion is less than 2%. For the travel time, if it is less
than that by cars, 41.6%will change from cars to the shopping
shuttle.

4.4. For Visiting Friends. For the purpose of visiting friends,
less than 10% of respondents chose walking or bicycle no
matter how much the environment is improved. But if the
distance from the origin to the bus stops is within 300m,
the proportion of respondents who chose the bus is 39.7%.
When the distance is within 500m, the proportion decreased
to 20.0%. In terms of the travel time by the bus, if the time
is equal to the travel time by cars, 28.8% of respondents will
give up cars. If the time is double the travel time by cars, the
proportion decreased to 11.5%. Further, almost none of them
will use the bus when the travel time by the bus is triple the
travel time by cars.

5. Conclusions and Recommendations

In order to reduce the percentage of short distance car trips,
this paper attempted to identify prior factors of travelers’
characteristics and the travel environment that influence the
mode choice in Beijing. Main findings of this paper can be
summarized as follows.

(1) Three travelers’ characteristics, the age, household
income, and vehicle ownerships, have a significant
effect on the mode choice in short distance trips.
The effect of the vehicle ownerships is bigger than
other factors and its standardized estimate is −0.818,
and standardized estimates of the age and household
income are 0.391 and −0.556.

(2) A better green-mode travel environment leads to a
higher proportion of green-mode travels. Facilities
and the environment of the green travel mode in
Low Proportion Area 2 are better than those in High
Proportion Areas 1A and 1B, so the same type of res-
idents in Low Proportion Area 2 shows a significant
higher proportion of green-mode travelers than those
in other areas.

(3) Overall, respondents are more willing to choose the
cycling if the bicycle path is wider and the rental
station is closer. If the mode shift precondition is
met, for the trip purpose of commuting, 30.2% of
the residents who mainly use cars for short distance
trips in High Proportion Areas 1A and 1B are willing
to shift to the cycling. For the purpose of picking-
up and dropping-off children, 18.3% of respondents
are willing to choose the school bus if the bus has no
accident records in recent 2 years. For the purpose of
shopping, as high as 51.9% of respondents are willing
to choose the shopping shuttle if the distance from the
trip origin to the shuttle stops is within 300m. For the
purpose of visiting friends, if the distance from the
origin to the bus stops is within 300m, the mode shift
proportion is 39.7%.

The above findings will help identify which of the alter-
native travel modes are likely to be attractive to car travelers

in order to maximize the potential reductions in car uses
in short distance trips. Further studies are recommended in
two aspects. First, by considering that it is a possibility the
area leads people who want to behave differently to choose
the area for their residence (self-selection problem), an in-
depth research should focus on the self-selection problem
and study its effect on mode choice. Second, more residential
areas should be selected for comparing the difference of the
environment and the travel behavior. In addition, in order to
reveal a more realistic preference instead of the willingness
which people would like to state; more sophisticated stated
preference analysis methods should be investigated.
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