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Abstract: The tousehold isusually an essentialelementfor activity-based travel
decision-makingf individuals Fromthe perspective diousehold contexgctivities

are often allocated tmdividuals based on thelousehold roles, thereby affecting
individuals’ travel behavior.By defining the household role usirgpatiattemporal
constraints whichare associated with individual activities and household activities
this papelinvestigateghe travel mode choice of individuatensideringhe effect of
different household roleg he descriptive statistics of the household roles thed
correspondingravel mode choice are presentesingthe data from Kunming, China

The statistical results show that tinedal splis between females and males perform a
significant difference in the same household releFurthermore, the travel mode
choice of females and males are estimated separately using multinomial logistic
regression model. The results show that the household role has a great influence on
the travel mode choicéor both female and mal@hose whdace more spacdime
constraints associated with household tgsk$erto travel by normotorized modes.
While with the increasing of commuting constrainkgusehold heads, especially
femaleheads tend to usecar to meetthe traveldemands of householddivity.
Besidesjndividuals’age, education level, the number of cars and brikésusehold

also have a significant impact tnavel mode choiceofindividuals.

Keywords: Travel mode choice; Intraousehold interactions; Household roles;
Spacetime constraints; @nder
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1. Introduction

Transport studies have long focused on how to promote urban sustainable
development by guiding a change in individuat®bility behavior. Since individuals

live within households and share resources with other household members, decisions
of different household members are usually made on a household scale. For this
reason, household a central decisiemaking unit for individual behavior in most
cases. And travel derived froactivity participation could be considered as a result of
interactions among household members, namely -imtsehold interactions
(Timmermans and Zhang, 2009; Bhat et al., 2005; Ho and Mulley, 2013; Lim, 2015;
Zhang and Fujiwara et al., 2006). Several studies have confirmed thdtansahold
interactions not only influence daily activityavel patterns ofndividuals, but also

affect longterm decisionsn families (Renni Anggraini et al., 2012; Borgers and
Timmermans, 1993; Kato and Matsumoto, 2009; Zhang and Fujiwara, 2009). A better
understanding of travel behaviors taking irtusehold interactions into account,
therefore, is essential to policy magifor promoting lowcarbon travel of individuals

by changing their travel modes.

In transport research, intfusehold interaction is regarded as the allocation and
distribution of household resources, tasks, and activities among each household
member tosatisfy individual and household activibyedsunder social, spatial, and
resource constraig{Ho and Mulley, 2015). This concept began with time geography,
in which individuals will face with the inseparability and limitedness pEce and
time when they conduct and interact with activities (Arentze and Timmej208x23.
Gliebe and Koppelman(2005), Tijs Neutens et.al (2010), Gao et.al (2017) have found
that extra spatialemporal constraints may be imposed on an individual who is
assigned extra activities from his/her social network. Under these circumstances,
household members are more likely to transfer domestic activities under
intra-household interactions. Further, they tend to choose the appropriate travel modes
to reduce the spadémne constraintshat they suffer from extra activities. Many
scholars have investigated the influence of #hibasehold interactions on travel
mode choice. An example on this topic was the work of Miller et al. (2005) and
Roorda et al. (2006) in which the travel modeicaavas generated for each trip of an
individual’s homebased tour through considering the influence of household
interactions. In these studies, car allocation and joint household travel aresmgem
and household tasks such as dofifpick-up arrangemedrwere usually recognized as
the household interactions. The activity participationammanner, can reflect the
spacetime constraintghat individuals suffering. However, it is hard to explain why
members ina household choose such a travel mode ungeited time among
activities in space. In this regard, it is necessary to present a suitable meathod fo
measuring thectivities participation of household members, which can reflect the
intra-household interactions under spaicee constraints.

As we know, individualsvho play different household roles may have different
influences on a household decision (Ho and Mulley, 2015; Lee et al., 2007).
Household activities are often allocated to individuals based on their househs|d role
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which indicates that aeities participationof individuals is associated with their
household roles (Schwanen et al., 2007). For instance, mothers prefer to sfeare m
household tasks such as escorting their children to and from school rather than father
It suggests that hoabkold role can measure thetivities participation of household
members to some extent. Present studies tend to investigatehdosahold
interactions by modeling a set of specific household actixétyel patterns such as
those between the two hous&hdeads, between parents and children or between
work and norwork activities (Brewer and Hensher,2007; Scott and Kanaroglou, 2002;
Vovsha et al., 2004And household roles are classified by personal characteristics
such as gender, age and employmenustatependent on scholarssearch interests.
While the decision of different activities may vary by the preference intensity,
experience, and characteristics of household memlassdifficult to analyze daily
travel mode choices of individuals due ddferent ativities participation Since
time-geography can provide a powerful framework to understand human behavior, the
household role can be measured from a spate constraintsperspective. Although
individuals in different households suffer fragiifferent spacdime constraints, they
have a similar influence on activities decision making in the household due to the
similar household roles they play. Thus, the role of a member can be reflected by
his/her spacéime constraints relative to other dsehold members, thereby the
intra-household interaction can be simplified by clustering different spaee
constraints of individuals. Once the household roles are determined, it is @assibl
analyze travel mode choices of an individual household member under
intra-household interactions.

Based on thishouseholdrole is defined as household members who schedule
activities and allocate household resources under gpaeeonstraints in this paper.

We assume that a memlsetravel mode choice isfluenced by the household role

that he/she plays in the household, and the household role is decided by his/her spatial
and temporal constraints. Besides, a mersb&avel mode choice could also be
conditioned by opportunities differ by the physicaktitutional, social and cultural
contextin which different members are embedded (Ettema et al., 2007; Miller, 2007).
Therefore, characteristics of household and individual also have an influence on
membets travel mode choice besides of household roles. It should be noted that
females preferences in the household decisions seem to be a better proxy than those
of males to some extent (Dosman and Adamowicz, 2006). For this reason, the
influence of household roles on individuatgoices of travel mode should take males
and females into consig&ionrespectively.

The goal of this study is to investigate how household roles influence travel mode
choice of individuals under inttaousehold interactions from a perspective of
spacetime constraints. The followg sections will introduce the study method, and
use the data collected from Kunming, a city of China, as a study case to confirm the
research findings. A discussion section with recommendations for future researc
also provided. Although most Chinese families have only one child because of the
family planning policy, the impacts of household roles on individual travel mode
choices under intrhousehold interactions are interlinked.
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2. Method

2.1 Time-space Constraints Measure

Time geography was proposed at@Vveloped ¥ Hagerstrand in the late 19603 .this
theory, Hagerstrand1997) suggestl that people travel and live through time and
space and three types of constraints makebetviorexplainable and predictable:
capability constrairts, coupling constraintsand authority constraints. This paper
focuses on understanding travel behavior under coupling constraints nefechto
the limits that are caused by theed ofother people or things to undertake. Since
individuals cannot be in more thaneoplace at the same time and all tasks
time-consumingbase on the coupling constrainisdividuals’activity-travel patterns
can be represented by spdiree paths. As shown iRig 1(a), a household member
who undertakesvo activitiesat different times can berepresented by twspacdime
paths respectively. The coexistence of time and space (such aLOfnrD, ) with
others reflect the spadame constraints liehe suffersin other words, the more
spacetime resources are consumeaderspacetime coexistencethe lesdikely for
household member® participate in other activitieBecause time and space are
limited resources, the movement between the stops anhteé mode choicarenot
completely free in individual activity paths.a household member has to undertake
extra household tasks, he/skeuld bemorelikely to choosea motorized travel mode
such as private cargccording to this,individuals spacetime constraintamay be
regarded as a spatimme consumption and measured by all feassiplacetime paths
for their activities participationSince it is complicated to calculate spdicee
consumptions for each household memberairthreedimensional environment,
spacetime paths can be transformed into a tdimensional patl{Chenetal,. 2001;
Liu et al,. 2017) as shown irFig 1(b). In like manner, spaettme consumptions of
household membersould bemeasurd by enclosed area of their spaamee paths
(Gao et al., 2016; &letal,. 2015).

Time Time
A

Space dl

(a) Spacetime paths in 3D (b)Speaame path in 2D
Fig.1. Spacetime paths of household members.

Distance

2.2 Household Roles Associated with Space-time Constraints
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In most cases, individuakre not only limited by the spaegme constraints of their
own activities but also by the constraints from the household or other household
members. Hence activitidslfilled by individuals can be categorized as individual
tasks and household tasksdividual taskssuch as commuting refer to the activities
that individuals participate for their own demands, while household tasér to the
activities that individuals participate for family or other household membergher,
spacetime constraints of household mbers for participating in individual tasks and
household taskare takeras indicatos to measure the intdaousehold interactions.

(1) Individual tasks

Work or work-related activities are one of the masportantindividual tasks for
most commutersn daily life, which can be used to show individsalasks in daily
life (Clarket al., 2003)Based on the method of measurgpacetime constraints, we
calculate the enclosed area of individs@pacdime paths for work and wortelated
activities. The equations defined as:

k
W=> [ f(dt 1)
n=1 D(f, (t))

Where, W represents spadene consumptions ofindividual i for work and
work-related activitiesn(n=1,2,X k> within a day.f,(t) is a distance function of
individuali ‘s commuting journeys,D(f.(t))is a domain of,(t), the range oft is
from O to 24. A rectangular area is used tepresent spae#me constraints for
individual’s commutingourneysandnamedas commuting constraints. Tleeuation
is given by:

W =3 dx(ts, o) @

Where W' represents commuting constraints ioidividual i for work-related
activities n(n=1,2, k> within a day. d,represents thenth commuting Euclidian
distance ofndividual i from home to workplace (units: kilometer}, is the nth
departure time from homet, is the nth arrival timefrom workplace(units: hour).
To reflect membetgelative commuting constraints within the householtfeatment
is conducted using equation (3):
c,- W, —'min(\/_\lp',i) |
max@W, )— min@v,; )

Where C; is the constraints degree ofdividual i for commutingin family p,

©)

W;;i represents commuting constraints of individualn family p.
(2) Household tasks
Individual’s household tasks can be measured sSpacetime constraints
associated with househetdlated activities and travels. Different from commuting
activities, such activities are characterized by flexible schedulegaaindis durations.

Since it isimpossiblefor traditional residentravel surveys to obtain informian
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about household chores shouldered by individuals, especially indoor activitges, thi
paper demonstrates the possibilities of household members in undertaking potential
household tasks with thepacetime constraints of individual participaiy in outdar
maintenance activities, such as shoppifige spacetime constraints ofindividuals

for household tasks can be measured by equation (4):

H =Y dinx (. —t.) @
m=1
Where H, is the spacetime constraints ofindividual i for outdoor maintenance
activities m(m=1,2,3K D within a day. d, represents them th commuting
Euclidian distance ahdividual i from home to workplace (units: kilometer}, is
the mth departure time from homet, is the mth arrival time from workplace
(units: hour).To reflect membetsrelative household taskgonstraints within the
household, a treatment is conducted using equatjon (5
|
Zdim X (tDim _to,m)
S =55 ©)
DA x(t, —ty)

i=1 m=1

Where S is the sharing degree ofndividual i for outdoor household tasks
m(m=1,2,K DD within a day. krepresents thekth member inhousehold.The
largerthe S, the more likely ahousehold membeto sharehousehold tasksnd
making greatercontribution to the family. It should be notedthe household actiwt

is a commuting travekthe spaceand time consumptions of traveling shoulot e
repeatedn calculation A cluster analysis is performexh the two indicatorswhere
constraints degree of commutirand sharing degree fohouseholdtaskscan be
reflectedsimultaneously.

2.3 Mode of travel mode choice
Multinomial logisticregression analysis as an important used multivariate method can
be used in this paper. To investigate the influence of-mdtsehold interactions and
other variables on travel mode choice for females and males, we tegasehold
characteristics, indidual characteristiceand household roles agplanatorywariables
andestablishregressiormodels forfemales and males separatdlite model can be
calculated as follows:

e(Vik)

I ®

Assume therarek travel modesa utility that is only known by thieousehold member
can be obtained as, j=1L ,K. The expression of the utility is given ag=V,+e,,
where ¢, is an unobserved attribute. the model, a household member was assumed
to choose the alternative with thmeaximum utility from all travel modes, and
maximum likelihood estimation was perform@dcFadden 1973) By verifying the
estimate coefficients ologistic regression models, thereby statistically testing the

p(i=k) =
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suitability of assumed models for the research.

3. Empirical study

3.1 Date and study area

Kunming, the capital of Yunnan province is adopted for this case study because (a) it
is a typical Chinese big city which shares similar characteristics with other Chinese
cities, (b) traffic problems are increasingly prominent in Kunming bec#use
numbe of cars has increased at a rate of more than 10% a year. Kunming possesses
4.3 million residents in the urban area and 1.2 million cars, with the per capitaflGDP
¥38,831 (approximately $5,631) (Kunming Statistics Bureau, 2011). The data
resource comeBom the Travel Survey of Residents in Kunming in 2011. The data
covers household characteristics, individual characteristics of household rmembe
above the age of 6 and their participation in activities and travels within a day, and
involves 1255 households and 3195 residents. The samplings are evenly distributed in
the four main districts of Kunming (as shownHig 2). Respondents were asked to
record their activity and travel information in 24h. For each trip, the survey records
the trip purpose and tmaport mode, start time/location, end time/location, as well as
other important information such as the location latitude and longitude, destination
building type.

Xishan*
- District

¥ Chenggong
| District,

Legend

1 Administrative border region
Urban road network
Sample distribution

Fig.2. Studied areas

3.2 Characteristics of household role types

Based on the clustering demands mentioned above, the paper adogank to
cluster household roles. A total of 952 families with 1947 household members are
included in this cluster analysis. Firstly, we calculate the constraints degree of
commuting and the sharing of household tasks for each household members by using
Egs (2) to (3)andEgs (4) to (5) separatelyTable 1 shows summary statistics of the
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calculationof these two indicators. The variance of constraints degree of commuting
is larger than thaof sharing degree for household tasks. Thiggestspacetime
constraints for commuting asggnificanty differencesamong household members.

Table 1 Travel Mode Choice, by Household Roles (N = 1947)

Constraints degree of commuting Sharing degree fdrousehold tasks
Mean 0.55 0.34
Variance 0.45 0.23
Maximum 1 1
Minimum 0 0
Median 0.71 0.22

Secondly, we set the value of K te52as expected result based on possible
household role types in daily life. By comparing outline figure for all clustering
results, three types of household role are finally identified because most phistsr
in each type have high outline values@.8). The clustering result is shownRig 3.

1 T
* Typel
o 0.8 71 . cluster centroidi
= *  Type2
o 0.8 ;
; @ cluster centroid?
S 0T} ®  Typed
ﬁ . cluster centroid3
g .
5 0.6
=
g 0.5¢ . ~
3 . 8 ” - .
aDﬂk i o , "who s a0 + s _ o
0] L] ® 'I: LI "y '|_M"'.- |
= e L] [] L] - - W
E:D-J' TR} —o:nlllll ::'é-".‘ e \’... 'J.b.t'g .:2!
= g %% & M0 - Co | B a -
= se & " 5000 - " " e e,0"™ o F
E 0.2 o "t' i b ‘a:q"' o o™ N g H‘.i'
0 :- &8 -:'l .‘-:' o :.' . .dli- .'l!i e o
0.1 ".i."= "':. . .sﬂ- u' =
™ o wat v . = '
1)
0 0.2 D4 0.6 0.8 1

Constraints degree for commuting
Fig.3. Cluster results
38.5% Type I, 13.3% Type Il and 48.2% Typeddnstitutes all household roles.
Judging from constraints degree of commuting (individual tasks) and sharing degree
for household tasks (household taskslig 3, Type | household roles have the least
constraints of individual tasks in households but have a larger number of household
tasks than other household roles. This type of roles is likely to assist other household
members by sharing household tasks due to a comparably low commuting constraint.
Type Il household roles which account for the smallest proportion are imposed more
extra spacéime constraints associated with individual tasks than Type I. Type llI
household roles have the largest sp@ime constraints of individual tasks among
household roles.

3.2 Characteristics of travel mode choice
According to our research objective, the characteristics of travel mode choice f
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household members should be analyzed. Since individuals are more likely to choose
appropriate travel modes to decrease their spaee constraints based on our
hypothesis,alternative transport tools in the family will have a great influence on
individual’s travel mode choice. In 952 families, about 39% families own cars, and up
to 69% families have one or more bikes (52% regular bicycle and 82 % electric bike).
We take eletric bike and bicycle as bike because only 7% bikes and 19% electric
bikes are chosen by household membéig. 4 compares travel mode choices
between cafree and capwning households for female and male separately.

e Il Car-free household I Car-free household |
B Car-owning household I Car-owning household|

w0
o
L
o =]
(=] [=]
1

i
o
E
=
I

Lo
(=]
L

]
o
5

Travel Mode Chosen (%)
a
2%
o

Travel Mode Chosen (%)

—y
o
1
=
o

L=
|

Bus Walk Bicycle Car Others Bus Walk Bicycle Car Others

(a) Travel mode choice for female (b) Travel mode choice for male
Fig.4. Travel mode choices by household transpwtins

The results show that membetsavel mode choice differs by car ownership in
households. The car is the main travel mode for both female (32%) and male (56%) in
carowning households. However, the walk is the primary (45%, 39%) travel mode,
followed by bike (31%, 38%) and bus (22%, 19%) for both female and male in
carfree households. Nevertheless, the difference in travel mode choice between
carfree households and eawning households for males is more significant than for
female. There is no significant difference between these two types of households in
bus choice for females, which is contrary to males. Results are simiiéeichoice.
To investigate the influence of spab@e constraints on travel mode choice of
household members under intrausehold interactions, further analysis is showed in
Table 2

Table 2 Travel Mode Choice, by Household Roles (N = 1947)

Travel Mode Choice (%)

Bus Walk Bike® | Car Other®
Household Roles Total
(18.3%) | (35.6%)| (26.3%) | (17.6%) | (2.2%)

Female, 51.3%

Type | (with the lowest ITs

4.7 13.1 3.1 14 0.1 224
and the highest HTs)
Type Il (with higher ITs and 14 19 24 06 01 6.4
lower HTs tharTypel)
Typelll (with the highest ITs 47 53 79 4.2 04 295

and higher HTs than Type Il)
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Total 108 [203 [134 |62 |06 51.3
Male, 48.7%

Typel 2.4 8.0 2.2 3.1 0.4 16.0
Typell 0.9 23 1.9 15 0.3 6.9
Typelll 4.3 5.0 8.9 6.8 0.9 25.8
Total 7.5 153 [130 [114 |16 48.7

(a) ITs refers to individual tasks; HTs refers to household tasks.
(b) Thebike includegegular bicycle and electric bike (tweaheels),
(c) Others refer to motorcycles, taxis and public cars.

From the perspective of spatime constraints, the household rttat the family
member playsis no significant difference between female and male. Type Il
household roles in both female and male account for the highest percentage, followed
by Type | and Type Ill. However, males have been involved in more individual tasks
than females because the proportion of Type | household roles in males (16% vs
22.4%) is relatively lower. To some extent, females are more likely to sharénbllise
taskswith a low constraints degree of commuting. Type Il household roles in males
and females have no significant difference. In terms of travel mode choice, we find
bike and car dominate in travel mode choice of Type Il household roles. It suggests
that bothfemale and male tend to choose motorized travel mode with the increase of
their spacdime constraints of individual tasks. For the reason that the constraint
degree of commuting largely determines the householdtimatethe family member
playscompared with the constraints degree of household taskentrast, household
members are likely to fulfill their household tasks on foot, especiatlyfeimales
(13.1%), because the walk is the primary travel mode for Type | household roles. We
can also find howhold members are less willing to choose bus as their travel mode
with the increase of spatiene constraints, even if an increase in the proportion of
bus for mode choice of males. Overall, although household roles associated with
spacetime constraints fomales and females are similar, it has a significifference
in travel mode choice between them.

Besides of household roles associated with spiameconstraints, other variables
can also affect travel mode choice for household members as statesl keiothe
one hand, as individuals share family resources with other household members, the
characteristic of household is an important factor of travel mode choice fahobdis
members. On the other hand, so@ebnomic characteristics of household rbers
such as age, educationevel and employment status should be considered in
modeling. It should be noted that the typ¢hers’ in travel modes are especially
scarce, it is therefore not considered in the modeling. Thus, travel modesd stu
this research arbus walk, bike and camnvalk was chosen as the reference group for
comparison with other modes. Finally, 987 females (including 624 adultsefi®s
and 151 children) and 918ales(including 633 adults, 117 retirees and 168 children)
were examined and measured with the multinomial logistic regression respedively.
summary of household role variables and other variables which can affect modal
choices of household members are liste@able3.
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Table 3Explanation of Observationaviables

Variables Definitions
Household
Structure Couples ﬂ(reﬁerence group), Nuclear=2,
Extended families=3
Annual income (RMB) <3,0000=1, 3,0006,0000=2, =50,000=3
Number of cars Actual number
Number of bikes Actual number
Individual
Household role Typel=1(reference group), Type2=2, Type3=3
Groups Adyltszl(reference group)Retirees=2,
Children=3
Age Actual value
Junior high school and lower education=1, hi
Education level school/ secondary vocational school=2,
graduates andigher education=3
Employment status Regular work=1, Otherwise=0
Travel
Departure time Rush hour (7:08:00)=1, Otherwise=0
Trip numbers Actual number
Bus=1, Walk=2, Bike or Eclectic bike=3,
Travel mode
Car =4(reference group)

3.3 Regression results

Considering the significance of the selected variables, the explanatorylesriab
which were not significant at thel@ level were excluded in model results. Because
the pvalue of both models is 0.00<(0.05), it indicated the final models with the
household role and other variables contained superior regressions than their null
models. The estimates and fitting information of models for females ares ragd
listed inTable 4 andTable 5separately. As)@ected, characteristics of household and
attributes of household members, particularly for household roles in this study have a
significant impact on travel mode choice for both males and females. Moreover, the
results also reflect the difference between males and females undertisgace
constraints and household resource allocations.

Table 4 Regression Results for females

Mode Bus (M1) Walk (M2) Bike (M3)
Coef.| S.E | P>|z| | Coef | S.E | P>|z| | Coef | S.E | P>|z|
Constant 5.23 | 0.77|0.000 | 5,59 | 0.72| 0.00c | 2.37 | 0.76 | 0.00
Household

Extended household 1.89 | 0.50| 0.00* | 1.87 | 0.49| 0.00* | 1.38 | 0.51 | 0.01*

Number of cars -3.45| 0.40| 0.00* | -3.64 | 0.39| 0.00* | -3.61| 0.39| 0.0C
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Number of bikes | -0.16] 0.19] 0.39 | -0.08| 0.18] 0.65 | 0.96 | 0.19] 0.00*
Individual

Typelll -1.55| 0.39 | 0.00 | -1.49| 0.46| 0.00* | -0.74| 0.38 | 0.05
Retiree 0.64 | 0.67| 0.34 | 0.13 | 0.65| 0.85 | -2.26| 0.89 | 0.01*
Education level | -0.35| 0.17 | 0.04& | 0.71 | 0.17 | 0.00* | -0.50| 0.17 | 0.00*
Regular work 1.19 | 0.37| 0.00* | 0.72 | 0.35| 0.04* | 0.66 | 0.36 | 0.07
Travel

Trip numbers -0.37| 0.20 | 0.06* | 0.18 | 0.16| 0.27 | 0.24 | 0.16| 0.15
Rush hour -0.71| 0.36 | 0.05* | -0.31| 0.35| 0.37 | 0.32 | 0.39| 0.40
N=987 LR ch? =634.44

Log likelihood:

L(0)=-1286.881

L(B)=-969.66

Pseudo R2 0.25

Note: * significance at the 10% level

Table 5 RegressiorResults for males

Mode Bus (M1) Walk (M2) Bike (M3)

Coef. | S.E | P>|z|| Coef. | S.E | P>|z|| Coef.| S.E | P>|z|
Constant 582 | 121 |0.00*| 557 | 1.08 | 0.00 | 284 | 112 | 0.00*
Household
Nuclear household | -0.59 | 0.31 | 0.05* | -0.73 | 0.27 | 0.00* | -0.32 | 0.28 | 0.25
Annual income -0.12 | 020 | 056 | 043 | 018 | 0.02* | 0.12 | 0.19| 0.88
Number of cars -4.39 | 0.43 ] 0.00*| -415 | 041 | 0.00* | -4.89 | 0.42 | 0.00"
Number ofbikes -0.37 | 0.18 | 0.04* | -0.37 | 0.16 | 0.02* | 0.67 | 0.16 | 0.00*
Individual
Typelll -0.37 | 0.36| 037 | -1.55 | 032 | 0.00c | 0.28 | 035 | 043
Retiree 3.89 | 0.76 | 0.00 | 241 | 0.70| 0.00* | 1.29 | 0.75| 0.08"
Child 1.32 | 0.68| 0.05*| 1.48 | 0.65| 0.02 | -0.23| 0.66 | 0.73
Education level 0.15 | 0.20| 0.45 | -0.44 | 0.18 | 0.02*| -0.49 | 0.19 | 0.01*
Regular work 0.86 | 0.38 | 0.02*| 1.25 | 0.34| 0.00* | 1.32 | 0.35 | 0.00"
Travel
Trip numbers | -0.61 | 0.240.01*| 0.16 | 0.27 | 0.00%| -0.02] 0.16 | 0.88
N=918 LR chi =826.04
Log likelihood:
L(0)=-1244.79
L(B)=-831.77
PseuddR’® 0.33

Note: * significance at the 10% level

The significant effects of the household role which presented by the dummy
variable type€ confirm that there is a strong link between relative sfiaoe
constraints and travel mode choice of household members. As shdahlén4, the
negative coefficientof the Type Il household roles, compared to those of the
referene group (Typd household roles), are highly significant fars, walkand bike
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It indicates thatompared with Type, the Type Il household role femalase more
inclinedto travel by car than other travel mod8snilar results can be found in males

as shown irifable 5. The negative Type Ill household roles coefficienfsmales for

walk indicates that the ratio between the probabilities of choosing walking amsl car
Or = exp €1.55) =0.21 times as much as that of the reference gtdopever,
regarding the choiceéetween car and other travel modes except walk, tisen®
statistically significantifferencein the three types dfousehold rolesThese findings
suggest females who are involved in heavy individual tasks as well as a high sharing
degree of householthsks prefer to use cars. Base on this, we can assume that the
Type Il household role is an important critical point for females, before which we find
a split among bus, walk and bike, but after which females’ car use significantly
increases. When femalpky the Type Il role in caowning households, cars tend to

be allocated to them under infnausehold interactions. Although the household role

of males has a similar effect on their car use in Table 5, there is no significant critica
point of males’tavel mode choice.

For other individual characteristics, the group type of household member is a
significant factor fortravel mode choicefFor femaleretirees,the ratio between the
probabilities of them choosing bike and car is Or = e2®6) = 0.10while the ratio
is 3.63 for malesThis is probably because elderly females are less physically active
than malesAnd the coefficients ofmaleretirees argositively related to bus, walk
and bike, it suggests that maktirees are less likely to use chr traveling.
Male-children tend to travel by walking or buwather than usear. Females with
higher education are more likely to travel by cand walkrather thanbus or bike
With a unit increasef the education level the ratio between the probabés of
females choosing car and bus, bike increalsgdl.42 and 1.64mes respectivelylhe
similar results can béundin the males as shown ifable 5 Besides, household
members with a regular work have a negative influence on car use for both females
and males. Among the household variables, household car owneasltipe strongest
effect on individuals’ travel mode choice. As shownTable 4 and Table 5, the
number of cars coefficients for bus, walk and bike are negaiven increase in
number of cars in the household would increhsecar use of bottemales and males
For the number of bikes, owning a biket only significantly increases tluse of bike
for both males and females, but also posiyiviefluencesthe use ofcar for males.

This suggests that cars are usually allocated to males-oweesr families. Besides,
females living in the extended household are less likely tcausa. The probable
reason is that spadiene constraints of female commuters are reduced due to the
assistance from retirees. Males in nuclear housslhofdmore likely to use car, which
also verifies thepreviousresult about car allocation within the househdlither
variables have a low influence on the travel mode choice of individuals compared to
household roles.

4. Conclusionand discussion

The intrahousehold interactions among household members under -tapace
constraints are of great significance torderstanding their travel mode choice. By
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taking household roles associated with #itcusehold interactions and other
properties at the household level, this study focuses on the msptialamong
household members using the data from Kunming, China.spacdime constraints
from individual tasks and household tasks relative to other household members are
identified to reflect household roles. The statistical results show that the distribu
of household roles is similar for both males and femalesveder, modal split
between females and males performs a significant difference in the same household
role. Based on this, the travel mode choice for females and males are estimated
separately usingnultinomial logistic regressioimodel. The results indide that
household roles, which are assoethwith spacdime constrainthave a significant
influence on the travel mode choice of individuals.
Individuals with a high share of household taskdess willing to travel by car

which indicates that indiduals are more willing to finish household tasks at close
range. With the increase of constraints degree of commuting, the existence of
intra-household interactions will decrease individualsaring degree of household
tasks. It makes no significant chantp individual travel mode choice. Howevaf,
constraints degree of commutimgcrease individuals tend to transfer to car use,
especially femaldeads. Since females carry prime responsibility for household tasks,
they are less willing to travefar from home. When the distance excedldeir
acceptable range of walk or bike, they are more likely tacasthantheir spouse, so
as to meet household tasks. This situation usually occurs by parents escorting their
children to and from school. In China, about 89% commuting parents escort their
children to school, and over 51% of them are mothers (Liu et al., 2017). Because of
the unequal distribution of education resources, parents usually choose dwelling place
nearby theschool with a better resource for their children, espedailparents from
high-income household4d.(. and Zhao, 2015)t may result in a long distance from
home to the workplace. Parents, especially parents in nuclear householdspuséer
motor veéicles to relieve commuting spatime constraints caused by escorting
children. Therefore,it is particularly importanfor sustainable transport planning
short the work timgPark et al. 2017 or commuting distance for parents aonchelp
employeesd balance their work and fanas

Car ownership is alsonamportant factor influencingndividual’s travel mode
choice. According to our analysis results, the number of cars has a positive mfluenc
on car usage for both females and males. In Chlittegugh more than 28% people
have driving licenses, lots of them (especially females) still choose other trades$ mo
in daily travels due to no extra cars in households or other redtmnever, with the
development of social economy and conceptual changes, many young people are
likely to buy their second car, especially young coupl8sice cars are mainly
allocated to male household heads, it is females who usuallytimesdcond car in
nuclear household. Notablyye twachild policy has been implemented since October
2015, replacing thirty years of the eadkild policy. Consequentlyoungfemalesare
facing more burdensome household tasks, especiallydi@ng mothers imuclear
households, ey are more likely touse cars to reducthese extraspacetime
constraints. Moreovemost of young females are better educated than rinztiners,
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which could considerablyncreasehe second caswnership andise.To reduce their
car trips, it is crucial to reduce their gpdime constraints for commutingerevious
studies confirmed that commuters may choose a faster travel mode to keep their
commuting time tolerance within an acceptable range (He et al., 24 6)yoviding
housings or dormitories for employees (such as young employees) nearby their
workplaces can help to decrease the commuting distances. At the same time,
improving the planning of transtiriented land use and increasing accessibility of
public transits can decrease the negative effects brought by thatsepaf jobs and
residences. On the other hand, because feiate®l mode choice is more easily
affected by commuting constraints than matekvant policies should take females
special needs into account if possible, such as reducing their work hours. In addition,
bike is an important travel mode for individuals who livecar-free family or onecar
family. Both females and males are more likely to use the bike fmotwnoretrips
than other travel modes. It is generally the preferred mode with the iecoéas
spacetime constraints of individual commuting.

This paperfocuses on the travel mode choice of individuat®nsdering the
effect of different household rolel.provides a new perspective on intrausehold
interactions analysis by taking into consideration of different household roles in
activity participationAccording to this, it is possible to understand lbagn travel
behavors of household members influenced by their lifestyle and household roles.
Because of the limited data information, ttpaper takes individudlsoutdoor
maintenance activities as their potential capacity for sharing household tasks.
However, the measure of household role can be usew/éstigate intrdnousehold
interactions. In order to explore travel behaviors and possibly changed behaviors of
individuals from more detailed inttaousehold interactions and lifestyles, a kbegn
activity-based survey diary data and corresponding muestires are needednd
this is an important question for further studies.
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