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ABSTRACT

This study introduced a multilevel MNL model@xplore the unobserved spatial heterogeneity
and the impact of land use and public transport provision at district and city/¢eweison
mode choice between car, motorbike and public trangpdiiwan The study found that the
unobserved spatial texrogeneity desexert significant effects on mode choice behaviour. In
addition, by comparing the results fraarsinglelevel MNL model andhe multilevel MNL
model, itwas showrthatthe multilevel MNL modelhasa betterfit but alsoprovidesevidence
that negledhg the spatialautocorrelatiorand spatial heterogeneity coutdeatemisleading
results. This study also found that Taiwan,higher population density dhe district and
city/county leves is associatd with ahigher probability of choosmpublic transport over the
carand motorbikeHowever more diversified land uses and more dik@ street patteare
associaté with ahigher probability of motorbike us€hese resultsay contribute to planning
motorbike management strategiamongt othersfor Southeast Asian countries.

Keywords: land use, multilevel modelling, MNL model, spatial heterogeneity, spatial
dependency, mode choice behaviour
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1. INTRODUCTION

Creating weHused public transport services requires a good understandimg reflationships
between land use, the public transport system and mode choice belajiddany policy
makers and transport practitioners believe that aplafined built environment can lead mode
choice behaviourotvards greater public transport use and reduce dependence on private
vehicles.

Many studies have analysed the association between land use and travel bgBadjour
Specifically, they have found that the density of depaient, diversity of land uses and design

features (layout or form) of the built environménthe 3Ds[4] i impact on travel disinces,

trip frequencies and mode choif2 3]. Al t hough most of the p
supported the idea that compact and diverse (mised development could promote transit

use, the effects of langse factors o travel behaviour have been found to be quite vdéed

3] and have not reached a consistent conclusion due to the varied locations studied,
multidimensional aspects of land use and travel behaviour, the different atetysigues

adopted and the scales measyfgd

Several previous studies have ssed that the analysis of the impacts of land use on travel
behaviour often involves hierarchically structured d&a7]. A hierarchy refers to units

grouped at different levels. In the analysis of the effects of land use factors on travel behaviour,

i ndividual s6 travel behavi o-use oféerahbve thafeatirez o n a |
of hierarchicalclustering[8]. For example, in a travel mode choice context, individuals are
clustered in households ahduseholds in districts and districts in cities/counties.

Several studies have suggested that the multilevel modelling method can accommodate these
hierarchical features of land use within travel behaviour modelling, and can accommodate zone
differences and different geographic scdlés7, 9]. Multilevel models can accommodate
spatial autocorrelation, spatial hetgeneity, highetevel context, and simultaneous handling

of the micrescale of individuals and the maesoale of place§8]. Traditional singldevel
multinomial logit models (MNL) and nested logit (NL) models ignore between group
variations and can lead to an inferior datd8]t However, only a few studies have adopted a
multilevel modelling method to study land use and travel behaviour interrelatiof8tigk

Most previous studies about land use and travel behaviour havedasubmrth America and
Western Europe, which are largely car dominant g§#345-17]. This is of concern asstudy

by Nijkamp and Pepping (1998%8], which compared a number of studies from across Europe,
concluded that study location signdiatly affected the results of the demand elasticity. In
addition, the mode choice pattern in Taiwan and other countries in Southeast Asia, such as
Vietnam, the Philippines, Malaysia and Thailand, are quite different from North America and
Western Europél he motorbike is a popular and important mode of transport in these countries.
Yet only a few studies have paid attention to the influence of land use on motorbji€juse
Chang and Wu (2000 f ound t hat motorbi ke usersd beha\y
userso6. Motorbike use was char araumbarofmutid by s
stop trips compared with car use.

This paper uses Taiwan as a case study to analyse the impacts of land use on mode choice
behaviour between motorbike, car antlputransport. The study builds on deelmultilevel
multinomial logit(MNL) model to understand the effects of land use featurdstaict-level

and city levelon individuatlevel mode choice behaviowccounting for sociaemographic
characteristics
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There are six sections in this paper. The next section presenigw ofvelated literatures.

The third seton describes the study area, data resources and gives some descriptive statistics.
The fourth section presents the methodology used in this study. Section Seatitoeissodel

results. The final section gives ansions andimitatonsof this study.

2. LITERATURE REVIEW

Study of the relationship between lanse and mode choice behaviour often involves
analysing the relationships between independent variables at a-lea@rgaggregate) and
micro-level (disggregate) dependent variables. For example, by assessing the relationship of
the popul ation density of an area to an in
[21]. To understand these maerucro relations, some studies have aggregated the 1miGt®

to macreunitsand analysed the relationships at the maueriblevel[19, 22-24]. Other studies

have used disaggregate methtmsinderstand these maaracro relations using micranits

level [16, 17, 25, 26]. However, both of these methods for dealing with mac@o
relationships are problematic. Aggregated level methods tend to neglect individual variances,
leading toissues of ecological fallagyt1]. On the other hand, disaggregation implies that the
sample size is arbitrarily incread and may result in a rejection of the null hypothesis more
easily[14, 21]. Bhat and Zhao (20027] contended that two issues arise when adopting a
disaggregate model for analysing spatial context effects on travel behaviour. First, spatial
dependencyalso referred as spatial autocorriglaj means that individuals in the same zone
may have similar travel behaviour. It occurs because, for example, individuals within the same
zone exhibit similar mode choice behaviour due to unobserved factors. Secondly, spatially
heterogeneity means thdtet relationship between mode choice behaviour and explanatory
variables could be different across spatial zones. A study of spatial context effects on travel
behaviour, which ignores these spatial issues, could lead to inconsistent estimation results.
Multilevel models can accommodate these is§8e87]. Skrondal and Rabidesketh (2004)

[28] asserted thahe advantage of multilevel modelling is that it allows multiple levels of data,
ranging from micreunits to macreunits, to be dealt with simultaneously.

Multilevel modelling techniques have been used in several travel studies. Most of these studies
used a model form with a linear structure and continuous dependent variables, such as travel
distance, travel time, vehicle miles travel (VMT) and trip frequdidyl4, 29]. Schwanen et

al. [13] employed a foutevel (indvidual, household, residential and regional) multilevel
regression model to analyse the influence of urban form on mode choice, travel time and travel
distance for commuters in the Netherlands. Snellen [dtdhistudied the relationships between
individual level sociedemographic characteristics, neiglurhood level landise variables,

and mode choice for frequently conducted activities. They found that urban land use variables
only had a modest influence on the dependent variable. Antipova| g#1]alised a twdevel
(individual and neighbourhood) multilevel modelling method to analyse the impact of land use
on commuting distance and time. Li et 2] also used a twdevel (neighbourhood and
residential) multilevel model. They analysed the relationship betwa#rebvironment and
walking activity for senior peopléNeverthelesspnly limited attention has previously been
given to applying multilevel models to discrete respon3dss study adopts a -Evel
multilevel discrete choice model to analyse the larelfaatures and spatial heterogeneity at
thedistrict and city/count{evels on individual mode choice between motorbike, car and public
transport in Taiwan accounting for soetE@mographic characteristics.
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3.CASE STUDY AND DATA

Taiwan is categorized aan Asian higincome country with compact cities and a high
propensity for car ownersh[B0]. Taiwan has aarea anghopulationof about 36000 krfand

23 million respectively and a population density of over 640 persongRfij. Although
Taiwan has a range of public transport systems, including bus, metro, rail and high speed rail,
the car and motorbike are still the doant modes of transport, with a modal split of total daily
motorisedrips of 24.8% and 46.5%, respectively. Public transport accounts for 16.0% of total
daily motorisedtrips[32].

In this studya 3level multilevel analysis approach is adopted. THev@l includes individual

level, districtslevel and city/countyevel. The idividuallevel refers to the attributes relates

to each respondent. The distfievel and city/countyevel referto the different geographic

scale. he i mpacts of |l and use factoasexamnedahdi vi
the districtlevel and city/countylevel. There are 348 districtdustered in 19 cities/counti@s

Taiwan. The average area and population of the distiuscities/countieare 102 kr and

66,000 residentfor each district ancabout 1,800 knt and 1,210,000 residents feach
city/countyrespectively.

The travel behaviour data used in this stu
Behaviour Surve)[33]. This postal survey was conducted by the Taiwanese Institute of
Transportation during September and October 2011. Data for the survey was collected from
randomly selected households from a list of addresses with a redistar or motorbike,

provided by Taiwanese Directorate General of Highways. This list was used because it was not
possible to access a complete address list for Taiwan. Because levels of motorbike and car
ownership are high in Taiwan, only 5% of housebkolekre excluded on this basigose
households excluded from sampling are categorised as household without car and motorbike,
which are tend to use publ i c taof@msdmotorltike mor e .
could be somewhat higher than fhapulatio® s s har e of .&Eeeryhouselbld mot or
on the list had equal chance to be selected no matter their level of car or motorbike ownership.
Fifty thousand selected addresses were sent two questionnaires, one of which was to be
completed by my vehicle owners and the other by any ivahicle owners within the
householdver the age of 1A total of 6,860 questionnaires were completed (3,828 vehicle
owners and 3,032 nerehicle owners); overall response rate is 6.8% (7.7% for vehicle owners,

6.1% for nonvehicle owners)After chi-square test, there is no significant difference in the
distribution of age, gender between sample and population. Also, the samples covered all the
household type and occupancy.

Respondents were asked to report tadres of their most frequent tdpringa week. Trip
features asked about included mode choice (among bus, metro, train, car and motorbike), trip
purpose, trip frequency, trip origin and destination, travel cost, travel time, and service
satisfaction.Travel cost refers to the eof-pocket monetary cost of the trip. For car and
motorbike users, thigncludesparking cost and fuel cost but nothing towards the cost of
vehicle purchase, tax, insurance and maintendfmepublic transport users, thisst@quad
thefarepaidif respondents hold seasonal tickets such as monthly tickets, are asked to convert
to single trip cost according to their monthly trips

A number of socialemographic characteristics (gender, age, education, job and wage, and
wheh e r they had a <car and/ or motorbi ke driwv
respondent. At the household level, data was collected on the number of cars, motorbikes and

C

C
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bicycles within the househol d, lreoceshedhandl d s i z
household income.

After removing incomplete responses, this gave a valid sample siz&58 iBdividuals.

Among all the trips,He trip origins covered 289 districts of all 348 districts emvered all 19
cities/countiesn Taiwan Within the samplg20.5% of trips were made by publicansport,

47.0% by motorbike, and235% were by cafThe differences between the modal split of this
studydés sample and t he trhaet iporsalals wsruve/ye ymaw olx
2011 Mode Chme Behaviour Survey neglectedbout 5% ofthe househokl without any

mot orbi ke and car registered. I n addition, 1
Behaviour Survey only asked the respondatisut theirmost frequent trimnddid not ask

themto record their travel diary.

It should be noted thahe trip data used in this study only covers frequent trips reported by
respondents and does not include all trips made by them. This means that commuting trips and
school trips are likely to be oveepresented in the data set, and social and leisure trips are
likely to be underrepresented. Some of the tour features, such as stops or transfers within the
trips are not reported in the survey.

Table 1show the relationships between sociodemographacacteristics and mode choices.

In Taiwan,a greater proportion ahalesusethe car, whilst a higher proportion of femalese

public transportUse of thenotorbikeis evenly split between males and femaldge sample3
gender rab of female to male is 50.6% to 49.4%he chisquare test shows that we cannot
reject the hypothesis that the samplgander ratio is the sanas Taiwais population gender

ratio of 49.9% to 50.1%34]. Tablel alsoshows that thgroups of people aged under 14 and
1524 have higher proportion to use public transport over car and motorbike. This maybe
because people cannot have a car and motor bi
due to the regulation. Car and motosbiksers under age 18 are passengers drivwirtgeor
parents or someone els&ge groups between 15 and 34 have the highestentageof
motorbikeuse, and age groups betweeraB854 have the highegiercentagef car use. The

may reflect top e o p Inadedshift frommotorbiketo car along with their agecreaseand

social status changeln addition, for occupancystudens have the highegiercentageof
choosingpublictransportcompared to otheragupancy.

The drivets license ownership and children in household associate with mode, eésost@®wn

in Table 1 The percentagef respondents whown car driveds license and use cer more
than twice as thpercentagef respondents who dwtown car driveds license and use car as
passenger Likewise, thegpercentag®f respondents who owmotorbikedriverds license and
usemotorbikeis about Wwice as thepercentagef respondents whdo not own motorbike
driverds license and usmotorbike as passenget Respondents witbhildren (under 18) in
household have much highgrercentagef using car than respondents without children in
householdecaise theesponsibilityof transporttheir children

Tablel Gendey ageand mode choice

Gender Modechoice Frequency Percent
Female Car 841 30.7
Motorbike 1294 47.2
Public transport 606 221

Total 2741 100.0




CP Liu, H Titheridge

Male Car 901 345
Motorbike 1220 46.7
Public transport 493 18.9
Total 2614 100.0
Age
Under 14 Car 33 27.0
Motorbike 49 40.2
Public transport 40 32.8
Total 122 100.0
1524 Car 90 13.8
Motorbike 329 50.4
Public transport 234 35.8
Total 653 100.0
2534 Car 341 26.3
Motorbike 712 54.9
Public transport 244 18.8
Total 1297 100.0
3544 Car 520 40.8
Motorbike 554 43.4
Public transport 202 15.8
Total 1276 100.0
4554 Car 445 39.0
Motorbike 493 43.2
Public transport 203 17.8
Total 1141 100.0
55-64 Car 245 38.4
Motorbike 268 42.0
Public transport 125 19.6
Total 638 100.0
65 and over Car 68 29.8
Motorbike 109 47.8
Public transport 51 22.4
Total 228 100.0
Occupancy
Student Car 121 16.8
Motorbike 327 453
Public transport 274 38.0
Total 722 100.0
Public servant Car 281 43.8
Motorbike 254 39.6
Public transport 107 16.7
Total 642 100.0
Technology industry Car 199 375
Motorbike 251 47.4
Public transport 80 151
Total 530 100.0
Financial industry Car 68 345
Motorbike 74 37.6
Public transport 55 27.9
Total 197 100.0
Business and service industry  Car 346 35.6
Motorbike 463 47.6
Public transport 163 16.8
Total 972 100.0
Other service industry Car 365 32.9
Motorbike 564 50.8
Public transport 181 16.3
Total 1110 100.0
Housekeeper Car 181 28.5
Motorbike 325 51.3
Public transport 128 20.2




© 0N OB~ WDN PR

NNNNNMNNNNNRRRRRRRR R R
~N~NOoO D WNREPOOONOOOMNMWNLRERO

CP Liu, H Titheridge

Total 634 100.0

Others Car 181 33.0
Motorbike 256 46.7

Public transport 111 20.3

Total 548 100.0

Yes=1 Car 1563 37.1%

Car driver's Motorbike 1971 46.8%
licenseowned or Public tranport 678 16.1%
not Total 4212 100.0%
No=0 Car 179 15.6%

Motorbike 544 47.6%

Public transport 421 36.8%

Total 1144 100.0%

Yes=1 Car 1502 32.5%

Motorbike 2333 50.4%

Motorbike Public transport 790 17.1%
driver's license Total 4625 100.0%
owned or not No=0 Car 240 32.8%
Motorbike 182 24.9%

Public transport 309 42.3%

Total 731 100.0%

Yes=1 Car 915 36.0%

Motorbike 1130 44.4%

Children(age Public transport 499 19.6%
under 18)n Total 2544 100.0%
householdr not No=0 Car 827 29.4%
Motorbike 1385 49.3%

Public transport 600 21.3%

Total 2812 100.0%

Table 2 shows the descripe of income, household car ownership, housemoédorbike
ownership travel costand OD distance compared with different mode chorceigs. For
personal income and household income per month, car users have the highest average income
level (US$1,400 and US$2,900 for personal income and household income respectively) than
motorbike (US$1,000 and US$2,400 for personal income and housebaide respectively)

and public transport users (US$1,000 and US$2,700 for personal and household income
respectively)For household car ownership and household motorbike ownership, car users have
the highest average household car ownership (averagars.fer household) than motorbike

and public transport users. Also, motorbike users have the highest average household
motorbike ownership (average 2.4 motorbikes per household) than other mode groups.

In terms of travel cost,ar users have the highesterage travel cost, US$2.3 compared with
motorbike and public transport users. Travel cost refers to out of pocket cost, which includes
fuel cost and parking cost for car and motorbike, and fare cost for public trarBpert.
respondents who hold seadimkets such as monthly tickets were asked to convert to single
trip costs according to their monthly trips.

OD distances includedin this study is to examine the impacts of spatial distance between trip
origins and destinations on mode choice behavisiprecise origia and destinatiocawere

not knawn, it was calculated using the Euclidean distance between the trip origin district and
trip destination district centroids. The district centroids were found by calculating the median
centres, which mininzie the overall Euclidean distance to the points of interests (POI) in each
district. The POI data was supplied by Taiwanese Institute of Transportation, and included
government offices, education facilities and public services. Trips that originated dedl en
within the same district were assigned an OD distance of 3 km. This distance (3km) is
approximately half the average radius of the distritédhle 2 shows that car users have the
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longest average OD distance (8.8 krahging from about 1.2km to 166.8kamd motorbike
users have the shortest OD distance (6.3famging from about 1.2km to 53.9km

The distribution ofOD distancefor each modeeflects the service ranges firose modes
Table2 shows that car enjoys the widest service range between tinaum of 1.2 km and
maximum of 166.8 km than motorbike and public transport. Although themme short trip
usefor cars, the average OD distance for car is the longest compared to motorbike and public
transport. It seems thttecar serve mainly formiddle to long range trips. On the other hand,
motorbike has the shortest average OD distance and smallest OD distance standard deviation,
which means that motorbike may mainly serve for the shortest rangeueps the features

of easy to use and fregharging of parking in most cities in Taiwawith trip distance
increasing, travellerendto use public transport and car instead of mototlpkesiblydue to

the increasing risks and discomfort for motorbiketerms of public transport, the minimum

OD distance is longer thahat formotorbike and car, whiclmay mean that for some short
distance trips public transport uséeadto walk orcyclerather than use public transport. The
average OD distance for public transport is in betweerand motdrike, which means that
public transport may mainly cover the middle range trips in Taifatrip distance increasge
travellers wouldendto usethecar rather than public transpgpbssiblydue the increasinig-

vehicle time, tragiersand waiting tine. Although travel timevasnot includel in this study,

the OD distance this study adopted can reflecstime of thdeatures of camotorbike and

public transport.

Table2 Income motorised vehicle ownership and mode choice

ltems Min. Max. Mean Std. Deviation

Car Personal income per month (US$0C) 3 3.3 14 .85
Household income per morfthS$ 1,000) 7 7.50 2.9 1.79

Household car ownership 0.0 6.0 16 .82

Household motorbike ownership 0.0 8.0 1.7 1.19

Travel cost (USH 0 14 2.3 2.05

OD distance 1.2 166.8 8.8 8.81

Motorbike ~ Personal income per month (US$ 1,500 3 3.3 1.0 .67
Household income per month(US$ 1,800 7 7.5 2.4 1.58

Household car ownership 0.0 6.0 12 .79

Household motorbike ownership 0.0 8.0 2.4 1.20

Travel cos{US$) 0 12.7 1.0 1.20

OD distance 1.2 53.9 6.3 5.59

Public Personal income per month (US$ 1,500 3 3.3 1.0 .76
transport Household income per month(US$ 1,800 7 7.5 2.7 1.71
Household car ownership 0.0 5.0 1.2 .75

Household motorbike ownerigh 0.0 6.0 1.9 1.18

Travel cost (USH 0 6.7 1.0 0.98

OD distance 1.7 50.9 7.7 6.77

The data from the Mode Choice Behaviour Survey is supplemented with land use data. The
land use data is drawn from the Taiwanese National Land Surveying and M@gepitng, at a
resolution of 1/25,000. A number of land use variables are estimated at the district level:
population density, job densityand use mix entropynd the proportion of-dvay intersections

(% of 4way intersection) Figure 1shows the landse measurements at distievel and
city/countylevelin Taiwan.

Table 3 gives the mean, standard deviation for the land use variables at -diesteicend
city/county level included in the model. Fanld use mix entropy, which indicates the extent
of land use diversity, was calculated as Eq. (1) based on six land use categories: residential,

1 Exchange rate: USHIT$(New Taiwan Dollar)=1:30
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commercial, industrial, government offices, educations, and hospital and social care buildings.
Land use entropy ranges from 0 to 1 in which higher entropy wadieates that a more evenly
distributed mix of land uses.

0 WEGA QOE 01 ¢ NBO —— (1)
Whered is the proportion of land use typén the area, andis the total number of land use
types, which equals to 6.

The proportion of fouway intersections indicates the extent of dik@ street patterri4].

These were extracted from the mapping data of Taiwanese Traffic Network Digital Map using
ArcGIS 10.2 package. The road network included all the road types, such as provincial road,
city/county road, and load road, except highways.

According to t he a[BH, populatod depsityeisvsigraficastly assouiateyl

with mode choice between car, motorbike and public transport arigims, and job density

is significantly associated with mode choice at trip destinations in TaiwarRdpalation

density is adopted as explaory variable at districtevel. At the city/countylevel factor

anal ysi s was adopt egopulaton deasityandrnob deasitytingo/density nt y 0
variable Most trips (81%) have their trip origins and destinationgthin the same city or

county, and there is high correlation between population density and job de(i®@)at this

level. Thus itmade sense to have a combined density measure at the city/county level

The triprelated and soctdemographic variables adopted in this study were determined using

a stepwise test to check if there were significant relations between the chosen vandbles

mode choice behaviour. The resulting variables selected to be included in the models were: trip
purpose of work and school, and individual sedgmographic characteristicsage, gender,

per sonal i ncome, car dr i v eendeghildren méouseleoldand m
and household car and motorbike ownershgpsontrolling factors. From the literature, these

have been shown to be impartaleterminants of mode choice.

TABLE 3 Land use statistics for Taiwanese distransl city/county

Distric Citiesl/c

Vaiabl es Definition at d Me an SD Mean SD
Popul ation d Popul ation/ area si :z 8 3. 96. 22. 28.
Job density Empl oyment/ area siz 34. 50. 11. 19.
Land use mix Mitxureesifdential , ¢ 0. € 0.1 0. ¢ 0. ¢
industrial, governr
and hospital, soci ¢
%of-wdy inter Proport i-wany oifn tfeorusre 0. ¢ 0.¢C
Density (lceivte Factor camdli niss pop - - - - 0. ¢ 1. ¢C
density and job der
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(a) Districts pppulation density  (HDistrictsland use mix entropyc) Districts job density (d) District % of 4way intersection

(e) City/countypopulation density f)(City/county job density (9) City/county land use mix entrt

FIGURE 1 Districs features in Taiwan

4. Methodology

The purpose of the modai this studyto examine the impacts of land use variablethat
different geographical sdes of district and city/countyn mode choice behaviobetween

car, motorbike and public transponvhilst capturingthe spatial heterogeneitgt these
geographical scale$he multilevel MNL model is based ofvBiNL model withalinear predict
function It allows the intercept of the utility functions to vary damly over clusters. The
predictfunction of the multilevel MNL model includes two parts, a fixed part and a random
part. In order to capture the spatial heterogeneity, two random terms (cdrabitie random
part) are included in the utility functions. The fixed part of the model includes individual level
variables (triprelated, soci@emographic, and travetlated level of service variables), and
land useand public transport provisiorariables atistrictlevel and city/countylevel.

Assuming a thre¢evel multilevel MNL modelthe predicfunction can be expressed as
W I o T, 2

Wherei denotes thendividualtlevel, district-level is denoted by city/countylevel is denoted
by k, and m denotespredct function for different alternativescar, motorbike and public

transport w is theindividuali®é sesponse between car, motorbike and public transgwat

































