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Abstracl This.study proposes a combined RP/SP Nested Logit (NL) model to investigate
travel behavior in developing countries. Combining Revealed Preference (RP) and StIted
Preference (SP).data is a^prominent tool for expresqing complex. travil .behavior and
forecasting travel demand foi new transfbrecasting travel demand for neu transport sen'icds. The recerit behavioral rariations of
urban travelers are successfully analyzed using the proposed model. Emphasis is mainl!using the.proposed model- Emphasis is mainli rs malnl!'
placed on investigating household deiisions of iiehic16 udage. mode CtroiiJirairip-ifii;ill
aspects together with the travelers' intention on proDosed Mass Rapid Transit (MRT) svsteri
placeo on lnvesllSaIrnS nousenoro oeclslons oI venlcle usage. mode cholce and tnp-chalnlng
asp^ects togeth.er with.the travelers' intention on proposed Mass Rapid Transit (MRT) systeri
in Bangkok Metropolitan Region (BMR).

lnherent,r,ehicle usage has been.recentl),diversified with trip chaining iInherent.rehicle usage has been recentll'diversified uith trip chaining importance. especialll
for developing counirl, houselolds wh6re the commuter often gets iF. t,[rae" in r.tiiiing fo,burden in drii,ing for

Key Words: Stated preferences.. Revealed preferences. Mass rapid transit. Nested Logit.
Developing countries.

I. INTRODUCTION

ln recenl years. travel behavior of developing countries is becomine comolicated with
increasing inobility and intense vehicle usae6- TnCriiii"s *ouiiiri-ii iiio,inii;"rooon.d 

'6"

rapid economic derelopment and as a resulL usage of private vehicles is po-pularhinons thL
urban travelers. Deipite of that. insuflicieni supblv and inferior 'ouhtitv of n'ublic
transportation also encoirrage travelers to use vehicles. 'lntroduction of rapid trahsit syitems.
for instance...subwar. light-rail transit.(LRT) or mass rapid transit (MRT). will be a'crucial
solution to alleviate the mobility crisis in developing coudtries.

other houdehdld members. Consequenriv- tn. aiieci ioniriirEilri;i;'il;;';tr"iliiE.li;
tumed into a multipurpose trip-chainuithhumerous work or non-ooik intermediate stoos anit
purposes. Although mosl of the previous approaches have been extensivelv considerLd the
trip chaining decisions of individuals. coiliparativelr less attention uas'contributed on
household serving trip chains due to the complixitl, of rirodeling.

Transpofl users' revealed preferences (RP) for actual travel behavior is verv useful in
analyzing the travel demand for existing modes. Houever. forecastinr the travel'demand on
ne\.\ transpofl modes is alwal's accompanied uith travelers'stated pre-ferences (Sp) since the
actual travel data (RP) for such modes are not available. This'studr aims to DroDose a
combined RP/SP Nested Logit (NL)model to analvze comDlex househoid trarel behaiior on
existing modes and to fore=cast the travel demand on n6* transDort mode. investiqatinu
Ba.ngkok Metropolitan Region (BMR)as a casr'stud1. Findings of 'this studr postulate-somE
r-aluable insighis.. relatin[ lo. the household trarcl'demand"anallsis and'l'orecasting. for
developing countries br eiploiting the advanrages olboth RP and SP data sources.

2. REVIEW OF RELATED LITERATURE

Among !arious technological innovations in transporl seclor. travel demand anall'sis has been
receiving increasing attention in recent l'ear6. Transport Dlanners. resdarchers and
practitioners are urgEntll searching for reasoiahle solutions'to deil uirh eter-urooinu trai:.i
demand and its related adverse effetts. for instance. traflic congestion. air and nbisc poTlution.
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In the methodological perspective. dissagregate.demand. modeling..which describes the
behavior of transno'rt usei wiih discrete variablEs. also called Discrete Choice Anall'sis (DCA)
is verv oooular in transportation planning (Ben-Akiva and Lerman 1985). In DCA. there are

sever6lin6aeting tools luch as Multinom-ial Logit (MNL) and NL models thal.are c.ommonly

used in travel dEmand analrsis. Estimation of-discrete choice models basicalll relies on RP

data for actual travel behavior. Hou'ever. there is also a substantial interest on SP data. which
is based on hrpothetical trarel scenarios. Although SP techniques have several advantages
over more con'ientional RP techniques. the reliabilitl' of the elicited pref-erences is uncertain
fWardman. 1988: Morikawa. 1989). Abraham & Hunt (1997) estimated a NL model for
iommuter travel using RP data. and wide range of-s1'stem.attributes was identified as

imoortanr. There also Exists some substantial inteiest of mode choice modeling with repeated
SP'obserrations uhich can be successfully used to minimize the errors in individual choice
resDonse(FuiiwaraandSusie. lgg5lMehndirattaandHansen. 1997:Ha}'ashietul.- 1998). In
rec'ent reirs."emphasis'*a! made on combining RP and SP data in trarel demand modgting
(Moriklua. 1989: Ben-Akiva and Morikawa. 1990: Dissanalake and Morikawa. 2000:
irolvdoropoulou and Ben-Akira.200l). The combined anal-r'sis uith RP and SP data
i.ii"i'ii'tti-uccuii.i or piiameter eitimates by exploiting the advantages of both data
sources.

Sobel (1980) made emohasis on travel demand forecasting for individuals and various types
of NL structures were incorporated for the mode choice anallsis. When the journey consists
of multiole modes such as Kiss-and-ride (K & R) and Park-dnd-ride (P & R). a NL model is
ionsidir'eO as an appropriate method to anallze the choice behavior considering similarities of
unobserved atiributes'in particular sub grilups (Ortuzar. 1983). Commuting-based mode

.toicei were estimated bi' two-level Nf m6del bl keeping the upper-level for line haul

choices and the lower-leve-l fbr access or egress modes. arid extended the analsis {or ry1(gt
sepmentation aonroach considering incoire and uork trip sub-groups (Talvitie. 1978).

MEnnering er ,ill (1994) dereloped a NL model to inrestilate inilividual travel behavior.
.motrisiifrs mainir on activit\ t\pe and activit)'chaining aspects. uhere the upper-le"'el
reo'resents ihe actiiitr trpe chbic-e'and the louer-level shous the number of'stops in the
aciivitv chain. Polvdorbboulou and Ben-Akiva (2001) developed a combined RP/SP NL
model'considering iccess'and main mode choice for neu' masi transit project in Tel-Aviv
metropolitan area.

3. STUDY BACKGROUND

A combined RP/SP NL model is proposed in this
making process relating to travel dtimahd modeling.

The soecific areas ofconcern are as follows:
i. anltvre lrivet demand for existing modes uith explicit coverage of household travel

deciiions on vehicle usase. mode ch-oice and trip chaining.
Z. ioreiast travel demand-for proposed Mass Rapid Transit (MRT) Project in Bangkok

Metropolitan Region (BMR ).

Ficure I illustrares some important considerations relating to the modeling approach.
AEcordinslv. imorovement of trhnsport sector and polic! analyiis is greatll depending on user
oreferencEs on 'existins. modes oi'er vehicle ournership. r'ehicle usage and mode choice
isne.tt as uell as user-preference over neu modes. The prefbrences of transport users are
geherall-v- collected as RP and SP data since those are in latent form.

4.51tIDY AREA

In this studr. BMR is selected lbr the empirical anall'sis (Figure 2). The BMR consists of
iiunsliof Metropolitan Area (BMA) and fir'e adjacent -provinces ol' Samul Prakan.
Non?traUu.i. Pith'um Thani. Nakom Pithom and Samirt Sakoin. The studl region includes
505 intemal rrallc zones. The area of the BMR is about 7760 km'and the total popuiation in
the studl region is 13.8 million in 2001.

As indicated in Figure l. BMR is split into three major zones: CBD. inner suburb and outer
;rb;ib ;h.re the iiner and the outei ring roads are coirsidered as the zone separation cordons.

lotai aaitv Derson rriDs in BMR are abo-ut 2l million in 2001 and 90oh of those are generated

uithin rhd CBD and the inner suhurb zones.
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Figure 2. Area Map of the Bangkok Metropolitan Region
(Source: Ha1'ashi et ul.- 1998)
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5. DATA DESCRIPTION

5.1 RP Deta

The data, which is used in this study. were obtained from the household travel slrvey that was

conducted in BMR durine 1995/90. ttre Urban Transport Database and Model Development
Proiect was rcsoonsible f'or the survey. The survey piovides wide variety of data relating to
theiravel behavior implications by cohsidering all ittiibutes of the uips that were made on the
date of rhe survev as well as info'rmation of hbusehold members. Although there were large
amount of houseliolds in the database, 1205 households are selected for the empirical analysis
aCcordins to the model reouirement of two-traveler households. among them one traveler is a
io*.ute"r. Commuter (miin traveler) trip can be either home-to-work or work-to-home. and
there ar. noany restrictions regarding to the trip purpose of the second traveler. and it can be

work. school. shopping or recreation.

In the database. trips were indicated using origin and destination zones with all independent
mode (unlinked) trips. Therefore. it is easy to dislinguish interre.lations STong the trips for
both trivelers sJch is trip purDoses. trip patiems (chained or unlinked). origin and destination
zones. transfer zones, triv'el fimes and time of day. Geographical information^of the study
resion was orieinally computerized bv MAPINFO Geographical Information System based

Aic-view softw-are, wtrictr is helpful fcir easy reference and meaningfuJ comparison-whenever
ni".r.a.r. Furthermore. locatioi-based infr5rmation such as trip length is measured using the
criteria df the shortest distance between origin and destination zones. Additional database for
[o111. inte*iew survey was provided by- Bangkok Environmental lmprovement Project
(BEIP). which helps to strengthen the database.

5.2 SP Data

The research srouo of Infrastructure and Transportation Planning laboratory at Nagoya
Universitv conductril a SP sunyey in 1996 to obtairi information on uSer preferences regarding
the propoied MRT Project in Bangkok (Hayashi er a|..1998).

The SP questionnaire has been prepared to achieve explicitcoverage ofrequirements relating
to the commuter travel. SP survey was conducted by elther dlrect lntervlews or malleo
ouestionnaires for randomly selected individuals. More specifically;.the transport users were
a'sked to select the choicei. which are best suited for their travel requirements. among the
hvoottreticallv created travel scenarios. Also, attributes for the choices were explicitly
d6icribed in itre Sp ouest'ronnaires such as travel time. travel cost. travel speed. reliability
(minimum delays). sifety. comfort. service frequency. accessibility of intra-model transfers
and access/egress time.

6. THEPROPOSEDMODEL

Transoortation modes available in BMR are bus. rail. car. motor cycle (mc). hired motor €ycle
(hmc). taxi and ferry. This study excludes the options of rail and ferry since the.usage of such
inodes is comparatively low duti to its insuflicieirt services and limited accessibility.

The orooosed model is develooed as a combined RP/SP NL model. At first. RP and SP

1nodfis ire developed separately. Then. the two models are joined together to develop a

combined model. ln the combined model. the portions of SP model estimate using SP data
and the Dortions of RP model estimate usine- RP data. Additionally. SP and RP utility
functions in the cornbined mo'del sharc some ol the coeflicients. especially for the attributes
that are common in RP and SP databases allowing some trade:off amo1g the separate

databases. This is the main importance of combined modeling that will improve the
reliability of the paranreter estimate! in the proposed model.

6.1 RP Model

RP data include complete information of household travel. and two-traveler households are

lii"lri.a-i, it is siuavl Since tne household travel consists with multiple modes. a NL model
is selected as a suitaSle analyzing method for RP data.
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A NL model generall) develops as a hierarchical structure to represent the conelation of
unobserved ef6cts. in ihe formi of mutualll exclusive and collectirrely exhaustive choice sets
to relax the strict assumptions of Independence from inelevant altematives (llA) in the MNL
Model. ln the NL model. altematives jn the same nest share a common component of random
utility. ln addition. each alternative has an alternative specific random utility;component.

The variance of the random utilities increases with increasing level of the NL model (Ben-
Akiva and Lerman. 1985). It also means that the largest scale parameter exists at the bottom
level. and it decreases with increasing level. Another important insight of the NL model is a

measure of the composite utilitl. also called the expected value of the maximum utility. in
each nest that can b'e obtained b1 taking log-sum cif the nested utilities for all altemaiives
belonsins to the nest. The comoosite utilit\'(loe-sum) relatins to the lower nest has to be
appe#ed"in the utility function of the upper Ievel-after adjusting-it with the appropriate scale.
Figure 3 shows the developed nestinS, structure for the RP model.

As shown in Figure 3. top level of the nesting structure has two categories: vehicle using-
households and"no vehicli-using households. 

-Vehicle-using 
householils are further dividdd

into car-using and motor cycle:using (mc-using) groups. The lowest level of the nesting
structure represents mode choices that are relating to car-using and mc-using households.
Alternatives l--4 are applicable for car-using households. where the commuter (main traveler)
travels bv a car and sriiond traveler of the Iame household can select one from the availabl6
options df car-chain/shared ride. bus. hmc ortaxi. As described earlier. altematives l-4 share
cilmmon component of random utility considering the level of comfort. safety. convenience.
privacl'as well as all other unobserv6d attributes;elating to the car-using facility. Similarly.
altematives 5-8 are applicable for the mc-using nest. For no vehicle-using households.
altematives 9-ll are ffilicable where both the [ommuter and the second traieler use bus.
hmc or taxi depending on their modal preferences.

According to the data. which was obtained b1' the household travel surve). distribution of
householJs over altematives l-ll are 159.'144.8. 3. 198. l6l. 35. 3. 449.38 and 7
respectively. It indicates that bus altemative has the highest travel demand (37%) followed by
thqmc-chain ( l6%) and the car-chain ( l3%).

commuter mode
second traveler mode

I

2

Mode choice representation:

No Vehicle-Using Households

Figure 3. The NL Structure for RP Model
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6.2 SP Model

The SP data. which incorporates in this study'. provide information on individual commuter
trips. Therefore. SP model is developed as a MNL model considerins transport user
prEferences on MRT. bus and car. The'SP database consists of I 240 individua-l trips. 

'

6.3 Combincd RP/SP NL Model

Combined RP/SP model is then developed by sharing coefficients of some common attributes
in RP and SP models. Especially in this study. thE coefficients of the travel-time and the
travel-cosVincome are shaied for all RP and SP based utility functions. In addirion.
altemativ_e specific-constants for bus altemative are also shared with a common parameter in
RP and SP utility functions. To observe the relative level of randomness in thti RP and SP
data sources. a scale parameter is included in the SP utility functions.

Simultaneous estimation (full information maximum likelihood) method is used to estimate
the combined RP/SP NL model. Basically. it is assumed that the scale parameter for the mc
nest is unity and then. scale parameters fdr the other levels are estimatea. Attributes. which
are obtained from the RP and SP databases. are explicitly incomorated in rhe model
estimation to contrast the behavioral realism on mode choice'and ass'ociated effects on trio
chaining for household travel. This study is based on two-traveler households and thereforei.
attributes for both travelers are incorporated for the model estimation. For example. travel
time for altemative 2 ( I car. 2 bus) is bbtained by adding the travel time of the cominuter (car
travel) and the travel time ofthe second traveler (bus travel).

ln the combined RP/SP model. dummies are aDDroDriately included to examine the household
travel behavior in developing countries. Furthimiore. dlrmmies are very useful to make the
model behaving u'ith acttial tlavel conditions in the study region. Therefore. the dummies are
selected to reveal the hidden Dreferences of the commuier and the second traveler belonsins
to their mode choices togethei with trip chaining anractions. By considering the trip chaiilinE
asDects. the mosl impoltant consideiation is Tound as the time comDatibilitv dmons thE
household members 'regarding their traveling. Therefore. the drimmy for the -time
compatibility in this model conliders the conditions such as work or activiti start/finish time
and time of day for each trip that is made by the households to examine the iossibility of trip-
chaining. In 

-addition. 
coirmuter's eendei. iob as well as both travelers'travel distancds.

distancdbetueen the destinations. traiel punroses and fraction ofdistance-share are analvzed
as dummies to elicit their Dreferences foririp chains. Recardine the travelinc in CBD. several
dummies are included in'the model to eximine the un?erlinins househola oreferences for
mode choices. The vehicle ownership is also tested uith seieral dummibs. It is verv
important to understand the intention bf vehicle-owning households to ride on the othei
exfsting or the future alternatives. To obsene the intenelitionship between the RP mode and
the SP mode. a dumml' variable is also included in the corresponding SP utility functions.

7. MODEL ESTIMATION RESULTS AND DISCUSSION

Table I shows the parameter estimalion results for the combined RP/SP NL model. Most of
the parameters are slatistically significant with expected signs by explaining the travel
behavior on existing and new trhnspirt modes in developing cointries.

The altemative specihc constants for altemative 2 (l car.2 bus) as well as altemative 6 (l mc.
2 bus) are significantly positive indicating the household attraction for those altematives. In
other words. commuters use their own vehicle. for instance. car or motor cvcle bv allowins
the second traveler to travel by bus. Also. the altemative soecific constants ielatinc t5
altemative 9 (l bus.2 bus). alteinative l0 (l hmc. 2 hmc) and Vehicle-using are positive"and
sienificant indicatins the user oreference for those aitematives. Cons'ideriic the new
tri'nsport mode of MRT. alternative specific constant is significantly positive enliancing the
user preference on the proposed mass iransit system.

The altemative specific constant for alternative I (1.2 car-chain/shared ride). altemative 5 (1.2
mc-chain/shared ride). altemative 8 ( I mc. 2 taxi) and MC-using are significantly negative. It
indicates that. the households have negative intention for those aliernatives if all other
attributes remain the same.
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Table l. Parameler Estimation Results for the Nested Logit (NL) Model

Variable description Estimated parameters t-statistics

Alternative specific constants
Alt. I - (1.2 car-chair/shared ride) : RP
Alt.2-(lcar.2bus):RP
Alt. 4 - (l car.2 taxi) : RP
Alt. 5 - (1.2 mc-chain/shared ride) : RP
Alt. 6-(l mc.2bus):,tP
Alt.8-(lmc.2taxi):RP

MC-usinq : RP
Alt. 9 - (l bus. 2f,us) : RP'.SP
Alt.l0 - (l hmc. 2 hmc) : RP

Vehicle-using: RP
MRT (mrt) : SP

-4.32
t.49

-1.22
-1.62
t.t2

-1.79 .

-5.45
0.77
0.80
l.8l
t.43

-3.6
3.2

-1.7
-2.8
5.r

-2.9
-3.5
2.8
2.2
2,6
3.1

Level-of-service variables
travel time (hrs): RPziSP
travel cost/income/1 0:: RP/SP

-0.6r
-2.31

-4.2
-5.1

Scale parameters
cor / mcp

Ovhicle 
I no vhicle

ygle tRP.sP)

Alternative specific dummies
male commuter. Alt 1.5: RP
time compatibility. Alt. l: RP
(commuter's work start time is later than the others activitv start time. or
commuter's work finish time is earlier than the others activiw finish time)
travel distance for both travelers > 30km. Ah.2: RP
travel distance for both travelers > 25km. Alt. 5: RP
distance between destinations > l0km. Alt. 6: RP
distance between destinations < I 5km. Alt. I .5: XP
second travelers travel distance > 5km. Alt. 3: RP
commuter's job(executive or business).Vehicle-using: RP
commuter's job(executive). Alt. 5: RP
mc ownership. MC-using: RP
car ownershii. Car: ^SP 

'
car ownership. MRT: .SP
no vehicle and no driving license, No vehicle-using: RP
trips touching CBD. Alt. 2: RP
trips within CBD. Vehicle-using: RP
tribs within CBD. Alt. l0: RP 

-
RP mode. Car & Bus: SP
low income class. Alt. 9: RP
distance sharing fraction of both travelers > 7soh. Alt. 5:.RP

. household travel purpose is commuting (work-work). Alt. 5: RP' 
household travel iuriose is work-worlior work-school. Alt. 9: RP

Number of obseruations
L(b
L(c)
VOT (Baht/hr)

0.78

0.68

1.47

4.0

4.9

3.6

r.28
5.02

1.85
-r.85
0.68
0.95

-r.96
l.3 r

-1.35
8.90
1.37
0.41

l l.2l
0.67

-1.16
-2.07
0.90
1.29
1.47
0.90
0.61

2.5
-2.7
2.4
2.4

-2.4
2.7

-4.8
4.1
3.0
2.2
4.2
2.4

-2.4
-3.8
3.2
3.2
5.6
3.r
r.3

4.t
4.5

2445
-1903.3

-4225.6

82

Coefficients for the travel time and the travel cost/income are sisnificantlv nesative as
expected. lnitialll. scale parameter for the mc nest is taken as I an"d estimatl.'d th"e model.
After several estimations. it is found that the scale parameters for the car nest and the no
vehicle-using nest are verv close to I (i. e. 0.99). Th6refore. scale parameters are considered
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to be I for all nests of car-using. mc-using and no vehicle-using at its mode choice level. and
the model is estimated again. 

*According 
to the results. scale parameters for other levels are

found to be sicnificant aid values are wilhin the specified limits between 0 and l. And also.
mas.nitude of-those decreases when the level of ihe nesting structure increases. Using the
estimated ralues for the scale parameters. parameters for log-sum variables can be calculated
and those are for car-using, mi-using. vehicle-using and no vehicle-using nests are 0.78.0.78.
0.87 and 0.68 respectivei-y. Thc callculated valuei are in the theoretically acceptable range
Uei*e.n 0 tc I ai expecGd. '[he scale parameter (RP:SP) significantly-estimites as 1.4J.
implying that the RP data contain more random noise than SP data.

The dummy variables are included in the model to capture the real insight of the behavioral
asDects in develooinc. countries. Dummy variable for-male commuters. which is included in
altem-ative I (12 Iar-chaidshared. ride) and. altemative 5 .11.? mc-chaiilshared ride).
sisnificantll vields with positire sign expressing their contribution for household travel
reioonsibiliries by makinp. trip chain-s. Tlie dumml variable for time compatibility. which
mainlv comparei both tr-avefers' activity start and finish times. is significantly positive
indicatins itd imoortance on forming car-ihains. In other words. vi'hen the commuter's work
start timt lfinisli time) is later (earTier) than the second travelers' activity starl time (finish
time). car-ihain is an attractive alternative for the households in developing countries.

When the travelers travel distance are more than or equal to 30 km. related dummy variable in
altemative 2 ( I car. 2 bus) is positive and significant.-lt indicates that the household tendency
to use different travel modes.'for instance. c-ommuter use car and the second travel use bus for
lonser trio lensths. Similarlv. when the travelers travel distance is more than or equal to 25

km] related d-ummv variabie in altemative 5 (1.2 mc-chain/shared ride) is negatively
sisnificant showine-the difficultv of making mc-chains for long distance travel considering
bo'th travelers into-account. Whln the dista-nce betu'een destinaiions is greater than or equal
to l0 km. the correspondins, dummy variable in altemative 6 (l mc.2 bus) is positivell'
sisnificant. It exolainl that tle housdhold attraction to use separate modes where commuter
ust mc by allowing the second traveler in the same household to use bus when the
destinations are far fiom each other. And also. when the distance between destinations is less
than or eoual to l5km. related dummy variable is estimated with positive significance
hishlishtin's the household tendency to niake car-chains or mc-chains. If the second travelers
triveltisa"nce is more than 5 krn.-alternative 3 (l car.2 hmc) is not a household selection
indicating that the hired motor cycle is not a suitable mode for distance traveling.

Commuter's iob condition is also analyzed by introdwing dummy variables into the
alrematives of vehicle-usins as well as aliernative 5 (1.2 mc-ihain/shared ride). When the
commuter's iob is executive-or business oriented. the related dummy variable in vehicle-using
alternative ii significantll positive indicating the preference to own.a ve.hicle. It. indirectly
hiehliehts the iiteraction b'et*een the vehicle usale and the reputation linking with the job
coiidition. Also. executive iob oriented commutei shows negative tendency to creale mc-
chains since the related dumriry is significantly negative.

Motorcycle ownership is tested as a dummy in the mc-using altemative and the respective
oarameier is sisnificantly positive-by showiirg the relation belween ouning and using motor
tvcles. Car oinershin is'also tested as dummies in SP based utility functions of Car and
MR'T- ana the related parameters are positive and significant. "No. vehicle.and. no {ri.vjng
license" dummf is introduced in the altemative of no-vehicle-using households that yields a

parameter with expected sign.

Travelins in CBD is tested with several dummies. For the trips that touch the CBD zone.
altematiie 2 ( I car. 2 bus) is found as an attractive mode selection for developing country
households. in other words. traveling through CBD zone. especially' in BMR. i-s cxtremell
difficult durine oeak consestion hours. and therefore. the commuter drives alone by allou'tng
the second traVe'ler to use-a bus indicating the household preference to use separate modes tbr
travelins in CBD. Dummr variable for eBD trips that is-included in rehicle-using altemative
is sisnificantlv neeative indicatins the difficulir of using vehicles in CBD zone. If both
tiaveTers' tripd are in CBD. using hired motor cliles is not a suitable mode choice for them.

RP mode is also tested in SP utility functions of Car and Bus. and the coefficients for those

aum.lis aie sisnificantlv positive'indicating the users' hidden preference to continue their
Rp ilAa. WhEn the hoirsitrotd income belongs to the lower incbme group. both travelers in
the household prefer to travel by' bus. When the travel distance of both travelers shares more
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than75Vo. mc-chain is found as a suitable option. Travelers trip pumose is also tested with
dummies. If the household travel is for cbmmuting (uork/wbrk).'mc-chain is a suitable
choice option for them.

l.(c) is obtained bf incorporating the eslintated values of the scale parameters while keeping
all the other parameters to be zero.

The value of time (VOT) is a measure that represents the external validitv of the estimated
model, and it is generally calculated by using the coefficients of the travel time and the travel
cost. According to the specification of the proposed model. the VOT also depends on
household income in addition to the coelllcients of the travel time and the travel co'st. Since
the data set has variety of household incomes. there exist different VOT fiuures corresoondins
to each household. Therefore. average VOT is calculated according to the-equation ( l).

Vor = 
[.*u ", 

rraverrimy'.".il:;;;1."")-(f,::fr:.)

For the proposed NL model. VOT is calculated using the estimated coefficients of the travel
time and thb travel cost/income with the average inco-me of the database. and it is obtained as
82 Baht/hr.

8. CONCLUSIONS

A NL model is developed to investigate household travel behavior in develooins countries
with explicit consideration of recent b=ehavioral variations. The proposed moddl rEes RP and
SP data to analyze the travel behavior on existing modes arid also to forecast the user
intention on proposed MRT system in BMR. The-findinss of this studv orovides further
evidence that"trailsport users' siated preferences can be proloundly used aiair accurate guide
to represent the actual underlining preferences. lt has been'clearly observed thal the
comblned estimation of RP and SPtaia in travel demand modelins is ai effective technioue
for expressing complex travel behavior and forecasting the travel tremand for new transpbrt
serylces.

Considering the households in dereloping countries. trip chain is verv popular mode
selection. a--nd considered it as one of tlie rirode-choice ontions in the oro6os'ed'NL model.
Male commulers attract highly ro form trip chains indicatiilc their contrfoution for household
responsibilities. Time coripatibilitl. CBD travel. long disiance travel and distance between
the destinations are also foirnd to be important for holseholds to get their decisions on trip
chaining. According to the estimation reiults. hired motor cvcle is iot a suitable travel ootioh
for CBD travel as w-ell as long distance trarel. When the trips for both travelers are in CBD.
they prefer to use separate mides rather than forming trip'chains in consested areas. The
results obtained from-this studt is realistic and it can b-e eflectivelv used fo-r decision-makine
activities related to the transp6nation sector in developing countries. Further investigationi
on the proposed model u'ill bb focused on polio relaied an-alysis.
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