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Abstract: The effects of socio-demographics, land use
characteristics and trip attributes on the commute mode choice
are studied with a nested logit (NL) model. Based on the
random utility maximum theory, the NL model is formulated.
The analysis is carried out in the main area of Nanjing. Direct
and cross elasticities are calculated to analyze the effects of
travel time and travel cost on the selection of travel mode
choice. The results reveal that the non-motorized travel modes
are more attractive in the areas with higher housing and
employment accessibility and car owners are found to be more
likely to commute to work by car. The bus and subway choice
probabilities are more sensitive to changes in travel times than
to changes in travel costs. In conclusion, a comprehensive
public transit system and effective integration of land use and
transportation policies help to relieve the traffic congestion
levels caused by the increasing urban sprawl.
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n the traditional “four-step” transportation demand
I analysis, there are two typical classes of variables:
1) Trip attributes such as travel time and travel cost; 2)
Individual and household socio-demographics. The land
use characteristics are often ignored based on the assump-
tion that the impacts of land use characteristics on the
travel behavior are captured in travel times and travel
costs and have been considered by travelers in the long-
term commuting trips. However, there are important at-
tributes of land use that cannot be fully described by trav-
el times and travel costs. Therefore, it is an important
task to test whether the ignored land use factors affect
travel mode choice and, if so, to what extent.

There is no consensus on the impact of land use on the
travel behavior.
difference in the selected variables and the used approa-
ches. For example, some researchers explore the impact

The reason for this contradiction is a
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of spatial structure of areas on travel behavior with the
number of inhabitants, which are known to have little ex-
planatory power. On the contrary, some experts regard the
accessibility of facilities as one of the most important spa-
Many studies used aggregate scale data
such as census tract, block group, or zip code area,
which masked the individual differences and ignored many
important factors influencing the travel behavior'” .

The discrete choice modeling based on the random util-
ity maximization (RUM) theory has been applied to ana-
lyze the choice problem of residential location and travel
behavior and empirically estimate the probability choice
models. The multinomial logit (MNL) model is the most

tial variables'".

widely used model because of its simple mathematical
structure and ease of estimation"”’. However, the MNL
model assumes that the distribution of the random error
terms is independent and identical over alternatives,
which leads to the independence of irrelevant alternatives
(ITIA) property and causes the cross-elasticities between
all pairs of alternatives to be identical'*™
this restrictive assumption, the nested logit (NL) model,
which is known as the relaxation of the MNL model and
derived from Mac Fadden’s generalized extreme value
(GEV) model, can be used for estimation in practical ap-
plications'®” . The NL model allows correlation among
groups of alternatives.

This paper analyzes the combined effect of socio-demo-
graphics (including individual and household attributes)
and land use characteristics on commuting travel mode
choice with an NL model within the theoretical framework
of GEV class.

. To overcome

1 Model Specification
1.1 Model structure

The NL model, first proposed by Ben-Akiva™™, is an
extension of the MNL model designed to capture some
correlations among alternatives. It is based on the parti-

tioning of the choice set C, into M nests C, such that
M
CVI = L’Jl CVVII'I (l)
and
Cnmncm’n = @ Vm#m, (2)

The utility function of each alternative is composed of a
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term specific to the alternative and a term associated with

the nest. If { is an alternative from nest C_, we have

mn?

U,=V, +&,+V. +&, (3)

pendent. As in the MNL model, the error terms g, are
assumed to be independent and identically Gumbel dis-
tributed with scale parameter u,, which can be different
for each nest. The distribution of & is similar to those of

””” jeC,,

is Gumbel distributed with scale parameter . Each nest
within the choice set is associated with a composite utility,

Ve =V + L 3 et (4)
M jec,

The second term is called the expected maximum utili-
ty, logsum, inclusive value or accessibility in the litera-
ture. The probability for individual n to choose alternative
I within nest C,, is given by

P( l Cn) = P( Cmn Cn) P( Ci Cmn) (5)
where
e#"n,
P(C,, 1C) = (6)
2 e#VL
i=1
and
CMV”’
P(Cl Cmn) = = v (7)
z eﬂmVﬂ,
JeC,,

Parameters u and w,, reflect the correlation among alter-
natives within the nest C,, .

The covariance between the utility of two alternatives i
and j in nest C,, is

var(e i, jeC,,
COV( Uin’ U/'n) = { ( C”"‘) ] . (8)
’ 0 otherwise
and the correlation is
2
l - &2 i’ -] € Cmn
corr(U,, U,) = o 9
0 otherwise

Therefore, as the correlation is non-negative, we have

o<t <1 (10)
Mm
and
£ —1=comr(U,, U,) =0 (11)
o

The parameters y and u,, are closely related in the mod-
el. Actually, only their ratio is meaningful. It is not pos-
sible to identify them separately. A common practice is to
arbitrarily constrain one of them to a specific value (usu-
ally 1). For the NL models, there are two ways to esti-

mate the parameters: the limited information maximum
likelihood ( LIML) and the full information maximum
likelihood ( FIML). The models presented in this paper
are all calibrated using the FIML estimation approach.

In this paper, direct and cross elasticities are presented
according to Ref. [4]. Direct elasticities indicate the vari-
ation in a decision maker’s choice probability due to a
1% change in one of the attributes affecting that alterna-
tive, while cross elasticities indicate the variation in the
choice probability due to a 1% change in an attribute af-
fecting another alternative.
cross elasticities of an alternative [, which appear in one

The direct elasticities and

or more nests with logsum u,, less than one are formulated

as
szPum[(l -p) + (L - 1)(1 _Pi\m)]
E, = - a 0,x;
Pi
(12)
v (Lo 1)PmPﬂ P
E,=-|pP + 2 Fn o, (13)

p;

In this paper, six commute travel modes are consid-
ered: walk, bicycle, bus, subway, car and taxi. The
walk-bicycle nested model represents a higher level of
competitiveness between walk and bicycle than that
among other modes; private car and taxi represent a high-
er level of competitiveness among taxi and private car
than that among other modes; bus and subway represents
a higher level of competitiveness between bus and subway
than that among other modes. Therefore, a two-level NL
model is used here (see Fig.1).

All travel modes

| Private travel mode | | Public travel mode |
+~ PN
| Walk | | Bicycle I | Car | Taxi || Bus | |Subway |

Fig.1 Tree structure of a nested logit model for travel modes

1.2 Variable specification

The main factors which influence commute travel mode
choice can be classified into three groups: socio-economic
characteristics, land use characteristics, and travel related
attributes.

Among these variables, socio-economic characteristics
may play an even more important role in shaping the
commute travel mode choice!""™"
tics, also known as spatial factors,
individual’s residential location. First, residential (i.e.,

. Land use characteris-
are related to an

population, store) density has been commonly used to
study intra urban variation in commuting time or dis-

tance'"! . Generally, the areas with higher residential den-
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sity lead to a smaller number of trips and a lower percent-
age of car use and more attractive public transit'"*'. Sec-
ondly, mix or co-location of different land uses has been
identified to have an important effect on the travel behav-
ior'™. Finally, accessibility, which refers to the ability
of individuals to travel and to participate in activities at

different locations in a built environment, is considered as

one of the most important factors of property values'®.

Travel-related attributes include travel time and travel
cost. And the travel time and the travel cost are associat-
ed with the commuting distance, i. e. the distance be-
tween residential and employment location. Tab. 1 pro-
vides descriptions for the entire set of independent varia-
bles used in the modeling process.

Tab.1 Variables used in the simultaneous choice of residential location and travel mode model

Variable name

Description

Gender

Dummy variable: male =1; female =0

Income 1
(reference variable)

Dummy variable indicating whether the individual’s annual income is below 50 000 yuan

Income I ) Dummy variable indicating whether the individual’s annual income is between 50 001
ncome
yuan and 100 000 yuan
Socio- .
octo ec01.1(>Im1C Income 3 Dummy variable indicating whether the individual’s annual income is over 100 000 yuan
characteristics
Age 1
ge . Dummy variable indicating whether the individual is below 24 years old
N (reference variable)
e
& Age 2 Dummy variable indicating whether the individual is between 25 and 55 years old
Age 3 Dummy variable indicating whether the individual is over 56 years old
Car ownership Dummy variable indicating whether the individual owns a car
s Continuous variable: the employment accessibility of the TAZ which the individual’s
Employment accessibility . R R
residential location belong to
. I Continuous variable: the housing accessibility of the TAZ which the individual’s resi-
Housing accessibility . .
dential location belong to
Land u'se' . . Continuous variable: the population density of the TAZ which the individual’s residen-
characteristics Population density

at the traffic
analysis zone
level

Employment density

Point density of
department stores

Ratio of jobs to residents

tial location belong to

Continuous variable: the employment density of the TAZ which the individual’s residen-
tial location belong to
Continuous variable: the point density of department stores of the TAZ which the

individual’s residential location belong to

Continuous variable: the ratio of jobs to residents of the TAZ which the individual’s res-
idential location belong to

. Travel time
Travel attributes
Travel cost

Continuous variable: total time of a trip

Travel costs for car and public transport fares as a function of distance

2 Data and Descriptive Statistics

2.1 Data sources

2.2 Descriptive analysis

We conduct some descriptive analysis to explore the as-

Nanjing, the capital of Jiangsu province, is selected for
the case study because of its typical socio-spatial structure
and deteriorating traffic condition. The study area in-
cludes 6 out of 13 administrative districts of Nanjing: Gu-
lou, Jianye, Qinhuai,
There are 198 traffic analysis zones (TAZs).

The primary data of sources for the analysis is based on
the 2011 Nanjing residents travel survey (NBTS) carried
out by the Nanjing Institute of City and Transportation
Planning ( NICTP). The survey data provide socio-eco-
nomic information on individuals and information on the

Baixia, Xuanwu and Xiaguan.

characteristics of the households. It also contains informa-
tion on disaggregate origin-destination, travel time, travel
distance, travel modes as location of residence and loca-
tion of work. About 5 377 individuals, above 16 years of
age, in 1 661 households are involved. Land use data
sources used for the GIS analysis including digital data are
provided by the Planning Bureau of Nanjing.

sociation between the socio-economic characteristics and
commuting travel mode. The modal split of different
groups with respective socio-economic characteristics is
shown in Tab. 2. As shown in Tab. 2, the travel mode
choices of different people groups are quite different. As
expected, the younger people are found to be more likely
to commute to work by bus probably due to low income.
The male has a higher proportion in going to work by car
while the female has a higher proportion in travelling by
bike. About a half of the people whose annual income
above 100 000 yuan and almost 60% of car owners
choose cars to commute to work, which indicates that
travelling by car is more convenient and it becomes the
main travel mode of wealthy people and car owners.
Tab. 2 illustrates the land use characteristics of the main
area of Nanjing at the TAZ level. The distribution of
point density of department stores, employment density,
and the accessibility measure for jobs by car are presented
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in Figs. 2 to 4.

Tab.2 Travel mode choice of different population groups

Travel mode frequencies/ %

Population group

Walk Bicycle Car Taxi Bus Subway
16 to 24 7.69 48.72 12.82 2.56 23.08 5.13
Age 25 t0 49 10. 65 58.71 17.88 0.70 11.52 0.54
>50 15.94 62.32 2.90 2.90 11.59 4.35
Female 12. 64 67.03 6.04 0.55 11.54 2.20
Gender
Male 10.56 58.00 18.15 0.66 11.96 0.67
il <50 000 11.38 66.70 8.94 0.32 12.02 0.64
| fnnua 50 000 to 100 000 10.75 48.36 28.06 0.90 10.75 1.18
income/yuan
>100 000 6.72 26.89 47.90 2.52 14.29 1.68
Car No 12.34 69.62 3.29 0.77 13.79 0.19
ownership Yes 6. 44 29.97 56.30 0.56 6.45 0.28
Qixia N Qixia

>z

Point density of
department Stores/km':
05
6-10
11-15
L 1620
B 21-30
B 31-45
B 46-70
. 7190
km I 91-150
I 151200

Jianye

Yuhuatai

01 2 4 6 g

Fig.2 Spatial distribution of the point density of department
stores

Qixia

>z

Y E N Employment
R Qiphupi density/km™:
"ot /K 0-1000

3 N 1001-2 500

N 2501-4 000

4001-5 500

I 6 501-10 000
- 10 001-14 000
W 14 001-20 000
- 20 001-30 000
km 7 W 30 001-45 000
I 45 001-80 000

(¥}
Jianye

Yuhuatai

0 1 2 4 6 8

Fig.3 Spatial distribution of the employment density

3 Model Estimation

In order to study the effect of socio-economic variables

Accessibility measure
for jobs by car:
2276-10 000
10001-20 000
20001-30 000
0 30001-50 000
B 50001-7 000
B 70 001-100 000
W 100 001-130 000
W 130 001160 000
km W 160 001-19 000
. 190 001-210 000

Yuhuatai

01 2 4 6 8

Fig.4 Spatial distribution of the accessibility measure for jobs
by car

and land use characteristics on the choice, this paper ana-
lyzes the commute travel mode choice of the people who
live in the main area of Nanjing. The NL model results
obtained with the freely available optimization package
Biogeme are reported in Tab. 3" .

As expected, coefficients for travel time and travel cost
have negative signs and are statistically significant at lev-
els of confidence well above the usual 95% limit, which
is consistent with the random utility theory. The age
above 25 years and annual income over 100 000 yuan
have negative effects on the systematic utility of a certain
alternative. Expected signs are obtained from socio-eco-
The car owners are found to be
more likely to commute to work by car. When it comes
to land use characteristics, the variables for housing and
employment accessibility have positive signs while the co-

nomic characteristics.

efficients for the employment density and ratio of jobs to
residents have negative signs, which indicate that the
non-motorized travel modes are more attractive in the are-
as with higher housing and employment accessibility.
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Tab.3 Estimation results for the NL model

Variable Coefficient values  7-statistics

Travel time -1.92 -8.60
Travel cost -0.058 2 -3.68
Income 1 -0.164 -1.28
Income 2 -8.04 -1.31
Income 3 -2.44 -2.00
Gender 0.002 0.34
Age 1 0.514 1.41
Age 2 -3.11 -2.94
Age 3 -3.37 -5.14
Car ownership 0.667 6.58
Employment accessibility 0.418 7.70
Housing accessibility 0.234 7.86
Population density 0.308 1.14
Employment density -2.18 -2.12
Point density of department stores -2.17 -1.37
Ratio of jobs to residents -2.59 -4.26
Nest A 1 9.30
Nest B 1 7.60
Nest C 2 2.10
Number of observations 5327

Adjusted rho-square 0.626

The variables for gender, population density and the
point density of department stores in the TAZ where the
individuals live are found to be non-significant estimates.
Dissimilarity parameters are estimated for each nest,
which implies that the alternatives in the nest of the travel
distance have high correlations.

Disaggregate direct and cross elasticities concerning the
travel time and travel costs are provided in Tab. 4. In this
case, the elasticities respond to a change in travel time
and travel cost of the alternative commute travel mode.
For example, if alternative m corresponds to commute to
work by car, the car travel time cross elasticity for alter-
native m shows the change in the travel mode choice
probability of alternative m, due to a 1% change in travel
times for taxi at the same distance to work. The direct
and cross elasticties are computed for all alternatives pres-
ented in Tab. 4 for a random individual traveler.

Tab.4 Direct and cross elasticities for a random individual

Travel time Travel cost
Travel
Direct Cross Direct Cross
mode .. .. . ..
elasticity elasticity elasticity elasticity
Walk -2.8132 0.359 1 0 0
Bicycle -0.5732 0.8551 0 0
Car -0.3117 0.046 0 -0.190 6 0.028 1
Taxi -0.3556 0.002 1 -1.390 4 0.008 1
Bus -0.6755 0.1189 -0.099 0 0.017 4
Subway —-0.406 4 0.001 7 -0.1159 0.000 5

Direct time elasticities for walk are the greatest, which
manifests that walk travelers are more sensitive to travel
time than any other travel mode choice and walk is suit-
On the contrary,
showing that

able for short-distance travel. direct

time elasticities for car are the smallest,

commuting to work by car is the most convenient way.
The effects of travel costs on taxi choice probabilities are
greater than that on car. In addition, taxi choice probabil-
ities are more sensitive to changes in travel costs than to
changes in travel times, while the travel times have more
effects on bus and subway choice probabilities than travel
costs. This means that measures such as public transport
priority help to improve the operating speed of bus and at-
tract more people to commute to work by bus. Cross elas-
ticities for travel cost are so small for all travel mode
choices that they have null effect on choice probabilities.
Changes in bicycle travel times are found to have the lar-
gest cross effects.

4 Conclusion

This paper studies the commute travel mode choice for
the main area of Nanjing, with a closed-form discrete
choice model specified as an NL model. The estimation
results show that the non-motorized travel modes are more
attractive in the areas with higher housing and employ-
ment accessibility. The results indicate that effective inte-
gration of land use and transportation policies help to bal-
ance the traffic demand. For example, appropriate land
use policies such as improving the housing and employ-
ment accessibilities and mixing land use and other meas-
ures can help to reduce people’s dependence on cars,
change travel behaviors and increase the non-motorized
trips.

Future research will need to not only extend the re-
search area to citywide and consider the effect of residen-
tial location choice on the commute travel mode choice,
but also use a more suitable model structure.
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