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CHAPTER 1

INTRODUCTION |

' Transportat1on pohcy research assesses the effect of' pohcy changes such as the

-Srmposrtron of a parkmg charge or. the augmentatron of passenger rall servrce on i

mdlvrduals travel behav1or Over the last few decades the Cond1t10nal Logrt Model "
(CLM) has nsen to be the theoretlcal and analytrcal model of ch01ce for transportatron -
policy studles However the current use of the drscrete chorce theory underlymg the
Condrtlonal Loglt Model may be ﬂawed The 1ssue 1s the reported low levels of accuracy
on forecastmg 1nd1v1dual travel behav1or by the empmcal models formed by current data.
Horowrtz (1985) rndlcates based on hlS study that few exrstmg d1screte mode chorce
’ ‘ models can explam as much as 40% - 50% of observed varratlon in chorces and many 1
" explam less than 30%. The low accuracy of predlctron explams that current empmcal
models have srgmﬁcant brases or errors f ‘ o :
The utlhty denved from each potentral travel altematlve is assumed as the basrs
for a traveler s mode chmce dec1s1on leferent from the utrllty functron used in classrcal
. economics, the ut111ty term used in the dlscrete chorce models 1s expressed as 1nd1rect ¥
utility functlon (Ben-Akrva & Lerman 1985) An 1nd1rect ut111ty funct10n is a denved

utility function under grven constramts Explrcrt mclusron of constramt 1nto mdlrect '

" utrhty functlon is. necessary if e economlc theory is to. be- ﬁrlly 1ncorporated in the dlscrete v

:chorce models. The report w1ll unfold in the followmg fashron
Chapter 2 presents a detalled rev1ew of the adva.nces related w1th the Condrtronal ‘
Logrt Model It mcludes the development of theoretlcal model and relevant empmcal ‘
ﬁndmgs | . '. v » | " Lo | .
Chapter 3 proposes the hypothe51s The null hypothesrs states that there 1s no |
dlfference between treatlng the effect of resource constraint as a random utrlrty term and

as a component of systematlc utlllty term. The altematlve hypothe31s states 'that
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‘ generated by the CLM model The t test is used as a srgmﬁcance test for the constramts

- _'The r test result shows that effects of the constramts on travel cost and tlme exrst in ’

1ndrv1dual commute mode sw1tch1ng behavror | ”

As the two surveys were performed on the same CBD a senes of Jomt est1mat1ons
, were conducted thh drfferent trrals for the scale factor ratios. A test was executed to
" examine if the two samples can be accepted as drawn from the same target populatlon
' The tests mclude two sub—test toplcs # o

a)vparameter- estlmate 1dent1ty for the two -‘samples and

b) vanance 1dent1ty for the random terms of the two: samples

The both test results show that the two samples have identical parameters in the
‘ ‘systematrc ut111ty terms but drfferent vanances of the random utlllty terms ‘The scale :
-~ factor ratio or the vanance ratlo between the two samples is 1 3 in this study. After the
adjustment by means of scale factor ratlo a unlque emplncal model was obtalned usmg
the pooled data matrix. | '

' Extemal vahdlty test for the _|01ntly est1mated model i 1s executed in Chapter 8. A
commute mode sw1tchmg and mode split analysrs is made based upon the companson of .
the forecast and real mode. shrft due to pressure formed by a $3 parkmg charge The:‘
cross-sectional exper1mental des1gn is used in the extemal valldlty test. The WP
employees are consrdered as the sub sample assrgned to the control cond1t1on as free
parking currently prevarls there The MBL employees on the other hand are considered
as the sub- sample assigned to the test condxtlon because the actual parklng charge is $3
there The CCLM model successfully predlcts the effect of a parkmg charge d1fference on
the use of srngle occupant vehlcles for commutmg purposes

Fmally, Chapter 9 presents the conclusron related to the constralnts in 1nd1v1dual
commute mode sw1tchmg The Constramed Condltlonal Loglt Model can effectlvely :

correct the brases and errors ‘caused. by exclusron of constramts m 1nd1rect utility funct1on ,




The Constrained C(?)nditional Logit Mode is identified to be a helpful tool for assessing

the effect of trans‘po;rtation policy.




ffrﬁLAPTERQZ

LITERATURE REVIEW

. Drscrete :mode choice theory underlymg the travel demand study has been developed m : |
recent years as the advances of the relevant scrences such as mrcroeconomrcs v- .
'_ psychology and socrology Therefore modern travel demand analysrs is cons1dered asan

extensron of these branches of scrence Thrs chapter offers a brlef revrew of the_

theoretlcal and methodologlcal advances of the dlscrete mode chorce on these relatrve

_'ﬁekn

2. 1 ‘Ratlonallty in Decrsron Makmg

Econormc theory, _smce 1t become systemat1c has been based on some notron of -

ratlonahty “It seems to be asserted that a theory of the economy must be based on.

’;ratlonahty, as a matter. of pnnclple Othervwse there can be no theory” (Arrow 1986)

Human behavror is almost un1formly consrdered as a ratronal actrvrty because “everyone -

jagrees that people have reasons for what they do. They have motlvatrons and they use' |

N reason (well or badly) to respond to these motrvatrons and reach thelr goals” (Slmon L o
1986) “Caprtahsts choose to 1nvest m the mdustry y1eld1ng the hrghest rate of retum and C

mdrvrduals always choose the altematrve wh1ch is the best one for the1r 1nterest” (Arrow ‘

1986).

‘Reitz (1977) deﬁnes the ratlonallty in 1nd1v1duals behavror “tradltronal economlc

theory postulates an economlc man who 1n the course of bemg economlc 1s also called B

 rational. Th1s man is assumed to have comprehenswe knowledge of the relevant aspects o

of hlS env1ronment Wthh 1f not absolutely complete is at least: 1mpresswely clear He is

assumed also to have a well-orgamzed and stable system of preferences and a sk111 in -
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3) The deczszon process Does the consumer go through a careful analysrs and ‘

calculatlon of each altematlve to reach a decrsron" Does he really formahze-,’ 5

- h1s preferences exphcrtly in the form of an mdlfference curve‘7 Does he even
. \behave as. if he had formahzed h1s preferences in thrs way‘7 Does he choose-: |
among all alternatlves m a smgle step or ina sequence of decrslons?
4 The statzc nature of the model Don t consumers change therr mformatlon and .
‘their preferences over t1me‘7 Don t they “leam” from actual expenences and
sometlmes shift chorces‘7 | B
If the above assumptlon about the dec1sron makmg process is true, whether a
certain behavror is ratlonal” or reasonable” can be reached only by v1ew1ng the behavror
in the context of a set of premlses or grvens”(Srmon 1986) These givens include the
151tuatlon in. Wthh the behav1or takes place the goals it is almed at reahzmg, and the,
‘ computatronal means ‘available for determ1mng how the goals can be attamed An '
| 1nd1v1dual’s act1v1ty should not always be thought as ratlonal behav1or because 1nd1v1dual :
‘sometlmes ' ; | _. | " -
1) recogmze only a limited number of possrble altematlves
2) be aware of only a few of the consequences of each alternatlve and
3) have access to only a 11m1ted approxrmate srmphﬁed model of the real 31tuatron
In correspondrng to the ratlonal decrslon making process some modlﬁcatrons :
have been made in the recent years. “The decrslon maker satlsﬁes rather than max1mlze
the altemat1ves under 1mperfect1ve information awareness that is, he looks for a course
of action that 1s good enough’ to meet a mlmmal set of requlrements”(Slmon 1976) A
bus1ness person for example often de01des to 1nvest m a new enterprlse 1f he expects it to
retum a satlsfactory proﬁt ! w1thout bothermg to compare 1t w1th all the alternative -
1nvestments open to him. | | e | ., ,
As the consequence of hm1ted computat1on ablllty when decrdrng among\‘

alternative courses of actlon individuals use: 51mple local and myoplc chorce procedures
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. contnbutrons to thrs randomness

2 2 Dlscrete. horcevModel - Apphcatron of Consumer Theory

- Travel mode chorce models are the applrcatron of the probabrllty decrsron theory (Ben-‘

" Akrva ‘and Lerman 1985).‘, ThlS theory recogmzes the 1mperfect mformatron ttamment :

o ,for dec1sron makers A rando‘ or’ probabrllstrc element 1s mcluded 1nto decrslon process‘ T

" (Palma Myers and Papageorglou 1994) The randomness can be incor

‘ (Bovy and Bradley, 1985 Golob and Meurs‘ 1987) The techmques that extend decrsron :

»1n"travel demand analysrs o |

__theory of mrcroeconomrcs'to the chorces among the drscrete sets of alternatrves are- o

: provrded by a class of mathematrcaw models called drscrete chorce models (Ben-Aklva -

ﬁ.and Lerman 1985 Domencrch and McFadden 1975) These models bhke other. sy ]

standard models m rmcroeconomrcs assume that an mdrvrdual’s references amon the, S
g .

, possrble alternatlv ‘an be descnbed by a utrhty ﬁmctlon An 1nd1v1dual selects the‘.

alternatlve w1th the greatest utllrty However these models dlfferentlate themselves from - T

| other dlscrete chorce models by ‘a " ountmg for the effect of uncertaln of human.'

behavror usrng a random component e' Mauherm ( 1979) hsts the factors wh1ch have _

1) There may be servrce attnbutes that are 1mportant to some consumers but have S o

not been exphcrtly represented 1n our estrmatlon of therr utrlltres For example R

comfort perceptlon of securrty, or other non-quantlﬁable attrrbutes

2 2)t' Consumers may not percerve all the alternatrves open to them or may not have , 3

. correct mforrnatron on the’attrlbut sof 'the altematlves _Fob example because:

£ of poor: marketmg, consum [S..are. often not aware of route'yand schedule P

- :"mformatlon that mrght 1nﬂuence therr decrslon

o 3) There may be essentrally random elements 1n the consumer s behavror 1n that' -

) hlS preferences vary from day to day or- are 1 enced by extem events For

example the weather or the avallablhty of the famrly car
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Generally, the 1ntegrat10n in equatlon (2 4) 1s not tractable and an. approx1mat10n

' or numencal method has to be used to obtaln the result Some specral ﬁmctrons can make.

‘the 1ntegrat10n tractable McFadden uses the Gumbel Drstnbutxon ﬁmctlon as the Jomt,,

probablhty ﬁmctlon and vanables e,,, (1 1 2 J) are assumed to be 1ndependent and' b o

1dentrcally dlstnbuted (IID) across 1nd1v1dual n as well as altematlve i The probabrhty:‘-i" SR

g functlon is g1ven by Equatlon (2 6) ) |
it S s |
L S posrtlon parameter .‘";1 T "

Hpi == scalmg factor whlch 1s a functlon of vanance 0',,, wrth relatlonshrp

Wemieh e

' Now the probablhty of choosmg altematlve i can be derlved ( see appendlx 4)

when 8,,, is assumed to be 0 S

1
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ing-’ ThlS modiell has become somethmg ofa standard in transp

ondmonal Loglt Mo

hlle to mdlcate that “Presumably, modal ch01ces also depencl
ractenstlcs (say, s)
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c1ﬁcat10n is that 1t i
ntherefore convent
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0 (Vlton 1989)
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tional Logit Model and has been widely ap

del in the hnear parameter case.

of the 1nd1v1dual makmg the dec151on Logl
f a given commuter but 1t is easﬂy seen
s then 1mpossxb1e to estlmate the unpact

1onal to. attach these charactenstlcs to one.

Logit Model, rhttltinomial probit_; model
major differencej of probit model from'logit
the random term in ut111ty functlon U Ben

bmary prob1t model as:

V)

1
——exXp
2nc

[.‘—1(3)?1& |
[:"' r,"/)/c xp(——u )du

)

om term s,,, s assumed as a multivariate normal distributed

ariance-covariance matrix Zg  probit model

b

o9

plied in
ortation

n (1974) derlves the asymptotlc propertles of the maxlmum hkehhoodv
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that the

of 5 on

of’the L

1g places in the charactenstlcs vector of the other »
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-Akiva

L @29

variable
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.used to mcorporate effect of the correlatron between drfferent tematlves to avord the

.=~problem assocrated to IID However only very hmlted appllcatlons haVe aPpear S d in U

v f':travel demand lrterature (Daganzo Boutheher and Shefﬁ 1977), and there is, strll no

evrdence to suggest in whrch srtu

. worth the addltronal computatlonal problem‘ ‘resu ' mg from its use

2 3 Dynamlc Behavror Model and Panel Data _

n change therr 1nformatron and therr preferences over tlme and they “leam ':v,_vfrom actual;'

) experlences C

'ns the greater generahty of multmomral probrt is

The mterest in the study of travel behavror dynamrcs has grown con51derably mm_., "

_ recent years ThlS 1s because more and more emprncal studres show that some attnbutes |

-regardmg travel mod :'chorce change over trme as well as. in »v1duals and alternatrves

. Contmumg sub-urbamzatlon unprovement of commumcatlo and”traffic condltrons

' and air pollutlon polrcy, 1nﬂuence 1nd1v1duals travel mode c

tchanges m reactron pattems of 1nd1v1duals h ‘ehold’s srz

inn the other hand S

oo, e e 0

: ownershrp, also contrrbute to the travel mode chorce Therefore decrsron makers are very o LT

B often requlred to make contmuous dec1s1ons” (Krtamura 1990)

In addrtlon to the exogenous attnbutes descrrbed above endogenous attrrbutes LA

jwould also be responsrble for the dynam1c charactenstrcs of 1nd1v1dua1’s behavror .

Endogenous attrlbutes comprlse haracterxstlcs arlsmg from prev1ous decrslons and

: chorces and are conceptually qulte drfferent from exogenous attrrbutes The 1mportance of o

T such endogenous attrlbutes may be adduced from several broad areas of soc1al scrence

o '-theory For example notrons of cumulatlve nertxa and c:‘ Elatlve stress have varrously
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anel data has deﬁmte advantage Panel

>ehav1oral response at mdrvrdual level (Flscher and Nljkamp,

del Th15 model is based on the assumptron that the decrs1ons n

drverse dec1srons as jOb qulttmg, d1v01

contrlbutmg to the dynamlc behav1or is t

(1983) summanes

lec1s1on-makers across tlme so that the st;

s1cal panel surveys wh1ch 1nvolve the I¢

S at drfferent points in time. fl’he great pote
Panel data enables' one to explicitly recogr

me especrally the role of state dependen

no doubt that dynamrc models of dlscrete

ch01ce model is the non-statlonanty or te

ng ch01ces by dec1s1on makers Let t =

14

ce, and
hus a dec1s10n ito qult a _|ob d1vorce or move home 1s postulated to be -

brevious -

he time
not 1mmed1ately acqurred
whrch not prompted any ‘action, and constramts".'
dlsc'rete | '
act of a

well as the 1mpact of endogenous attrlbute on

o

d cross-sectlonal data The essence of panel data is
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*peate'd - o
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yr lize the -
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denote an exogenously given sequence of time periods and assume that conditional on
: explanatory attributes matrix Kot Xt .X,,,T)v the sequen’l‘cenof‘rdecis:i'on @i ... . g e ip)
| ':'obeys a multinomial chorce process with a condltlonal density function given by

= . L exp ,"'m (Vm ) : . . N
Pa(iyinip)= ]‘[ . J N 2.10)
ST D eXp U (Vi) | I

J=t

In correspondmg to the non-statlonanty, two other 51tuatlons structural,i
dependence and serial correlatlon are more complex Structural state dependency refersi;} :
to the dependency of current 1nd1v1dual ch01ce probab111t1es on precedmg 1nd1v1dual:‘;
h1story Structural state dependence may ar1se due to a number of reasons “Ch01ce
outcomes may depend on prev1ous chorce (Markov1an effect), on the length of t1me the -

- current state has been occupled (duratlon dependence eﬁ'ects) on prev1ous lnter-chome :
'tlmes (lagged duratron dependence effect) and on the number of tlmes dlfferent states |

” have been occupled (occurrence dependence effects)” (Flscher and N 1Jkamp, 1987)

, Senal correlatlon refers to the vanatlon among 1nd1v1duals due to both observed ”
and unobserved extemal mﬂuences 1nclud1ng vanatron caused by censormg of the panel, _
data base Unobserved attltudes towards altematlves may play a major role in senal o
correlatlon (Morlkawa 1994) In mode chorce analy51s for 1nstance latent att1tudes
towards modes such as I love dnvmg a car can predomlnantly 1nﬂuence mode: chorce l.

behavror

Tardiff (1980) is one of the ﬁrst who. made as attempt to extend dlscrete chorce
methodology by 1ntroducmg structural state dependence and- heterogenelty in utlhty

functions as:

Z mkl +ZY ydnj(t -1) +8 +Cnn ) ‘ R (211)
k=t o S L

Jj=1

“In order‘ to keep inconsistenCy with the notes used in this report, we replace the sub-index.

15
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with serial correlatron If we assume the
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relevant mformatlon reachmg the 1nd1v1dual .1 would be expected that such effects w111

" be trme-dependent although it is not clear how f L

Pollak (1970) is one of the ﬁrst who 1ncorporate hablt 1nto utlhty functlon One of

the utlhty functron famlly 1s

; there:,v kk»-stands for the l,evel' of consumptlon of the kth good. ak and bk al-‘e”i)araineters. ‘ .

The dynamlc models have been used 1n some transportatlon case studlesc

(Basmann 1994 and Hartgen 1974) The results of these studles show that dynamlc :

o models represent travel behav10r more accurately and meamngfully, because dynam1c v

assumptxon about the dec1s10n ma.kmg env1ronment an‘ ":behav1or 1s much closer to the'",

real behavror than that m statrc models Much more data about 1nd1v1dual’s behav1or and a

alternatlves has been employe

v capture dynamlc process m a q‘ , ,tltatlve modehv: for travel behav1or has not bee'v" ‘well"' g

'n the estabhshment of these models However how to."_ .v : -. "

'addressed and empmcal exammatlons have not been made as much as the study for the SR

case of statlc chorce model"" o

2 4 Revealed Preference, Stated Preference and RP/SP Combmatron

: ,In dynamrc d1screte chorce models a specral case 1s that the ﬁrst term and the tlnrd term - SR

of nght srde of Equatron (2 11) equal to Zero, wh1ch leads to a ﬁrst-order Markov model

| of spatlal ch01ce If prev1ous ch01ce 1s altematrve j, the probablhty of choosmg alternatlve S

Qs called sw1tch1ng probablhty and 1s expressed as’;

Prob(/ l) P(Y (t) z/Y (t-]) j) P,,(z/])'\:_--:r".
" (2 15)‘[,'_
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.earher tasks, may dlstort the measurement of preferences In addltlon respondents may E

' dehberately glve brased responses in the hope of affectmg the outcome of the analysrs

Bates (1988) 1nd1cates that “If we now assume that the drstnbutlon of error.':l
.appropnate to estlmatron apphes to forecastlng, we w111 ‘be maklng estrmates of the )
‘pseudo™ utllrty rather than of the true ut111ty in other words we are making estlmates
- of relative preferences as expressed ina stated preference experlment rather than of what.

: would occur in the market

Bates also thmks that “the s1mplest case is: when €, whrch we are using to relate to

" the kmd of error whrch is compatible wrth models ﬁtted to RP data and n, whrch relates .
to the rnabrllty of the respondent to reply to the SP exercrse ina way whrch corresponds
with hrs actual behavror are 1ndependently d1stnbuted w1th the same type of dlstnbutron "

and dlffer only in therr vanances Suppose the varrance are O'g and cn, respectrvely 2

Morrkava (1994) presents an approach to estlmate the bias effect of a SP data He
assumes that both revealed and stated preferences can be modeled by random utrlrty
models w1th d1screte chorces such as the Condltlonal Logrt Model Then the ut111ty ' .,

functlons and chorce probabrhtxes are grven as follows:
RP model: . -' URP—VRP+8
‘PR.P? _L’( Lo e
Zexp( ' '
SPmodel: C s =;‘V$"_»+¢sse= ;
PP = exP(VSP) )

- Q.17
; Zexp(VSP '

where all terms are- same as before and super-mdex RP and SP refer to RP and SP “

models respectlvely One fundamental assumptlon is that the trade off relatlonshlp

19




among major attrib

factor ratio A that}

and, assume ¢,/

Note that s

in Equation (2.8).%

the scale factor 1n random term distribt?1tion.

Now, we can use both RP and SP data to jointly estimate scale factor ratia

approaches can be found in some ' relative literature (Adamowicz, Louvier

Williams, 1994): |

1) separate estimation of both RP and SP models. Then, concatenate ba

sets afte

2) compére:the joint likelihood to the sum of the separate likelihoods for
RP miodfels. Accept the néull hypothesis that the re-scaled paramet
identical if the joint and summed separate likelihoods do not

statistically.

presents the ratio of standard deviations of €, and ¢,,5”,

Var(e®) = \ar(e’")

and €,5F have IID Ijaroperty, Equation (2.17) can be written as:
exp(h V) |

> exp(n V)
=t

n

The former is the raitio of variance of SP and RP data, and the

|

'
|

utes is common to: both RP and SP models. After introducing a scale

2.18)

(2.19)

céale factor ratio A in Equation (2.19) is different from scale factor p,;

latter is

A. The

e, and

th data

r re-scale SP data rei:lative to RP data and conduct a joint estimation.

SP and
ers are

differ

In summai’y, stated preference édata, combined with revealed preference data, can

be used to increase the accuracy of parameter estimation.
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CHAPTER 3

N PROBLEM STATEMENT AND HYPOTHESIS

’Travel mode sw1tchmg 1s defmed asa partlcular kind of travel mode chorce in Chapter 1,
:where an 1nd1v1dual shifts h1s travel mode due to a change or changes in travel servrces

l‘.such as an mcrement in parkmg charge An 1nd1v1dual faces the optlon to e1ther sw1tch to ‘
alternatlve mode or stay w1th the current travel mode The most meamngful j
| charactenstlcs of travel mode sw1tch1ng, companng with some other travel mode ch01ce
1ssues such as travel mode ch01ce for vacation, is: that the dec1s1on maker has a current
travel mode. The commuter needs to consrder the benefit or the utlhty derlved from the

each altematlve as well as the feasrblhty of sw1tch1ng to another mode

Can current travel mode chorce theory and the Condltlonal Logrt Model
| effectlvely be used. to. explaln travel mode sw1tch1ng’7 As dlscussed in Chapter 2
» maxrmlzatlon It 1s noteworthy that the arguments 1n the systematrc utlhty term contam :
' the resources- consumed in travel through the vanous travel modes The most meamngful - |
‘ examples of consumed resources are travel cost and travel time. Generally, the consumed v
’resources are deﬁned as the pnces for consummg the correspondlng travel mode As
. dlstmgulshed from the utrhty functlon w1th arguments of quantltles of commodltles used :
in- class1cal econom1cs the utlhty ﬁmctlon with arguments of prlces is called 1nd1rect g
utlhty functlon (Ben-Aklva & Lerman 1985) |
‘The quantltles of commodltles 1n the d1rect ut111ty functlon are comrrlonly
replaced by the pnces of commodltles and i 1ncome The ut111ty maxrmlzlng constralnt

functlon con51sts of

F( Qlks Pk 2ks D2k-- qik,“plik---):‘Ck: -« k= 1,2,K) 3.1
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where, ¢gi and p,k are the quantity zlmd the kth price for commodity i, and Cy

. L ' Fo. .
available amount for resource k. Here, price py is defined as the consumed kth 1

on unit of commodity i.

Based upém-

is total

resource

the above analysis, total amount of resource C; should be included

into indirect utility function as a kind

of the inclusion of

constraints into t

identify a theoreti:cal model or an emp

it is the kind of dtiiity that is dealt wi

of constraint. Bates (1988) indicates the necessity

irical model to test this supposition. He thi

he indirect utility function, although he does not

nks that

th in dlscrete ch01ce theory that causes the use of

constraints in the models Indirect utlhty in discrete choice models internalizes the

constraints ’arising &om income and other sources in the random utility term.

However, should the constralnts be limited to the income and time only as in the

classic economlcs? Kltamura (1990)| suggests that the constraints that govern travel

behavior are nqt \hmlted to monetary and time budgets as in classical | utility

maximization. Tﬁe constraints may aliso include spatial and temporal ﬁx1ty constraints

. o ol . P Y R :
associated with the respective activities, interpersonal linkage constraints, and other types

of constraints thatE portray the travel en

Harvey (1985) further suggests

other fields as well He explams thas

capacity, time constraints ‘exogenou

vironment of each individual.

that research on constraints should be extended to

t activity participation may depend on: cognitive

sly-lmposed schedules, phys1cal needs income,

endowment technology, cumulatlve experience, authonty, morahty and desire or need.
|

For example the need for shopping on

Up to now

o .
theoretically. Whether these constraints should be explicitly taken into the sys‘tematic

the way home.

the necessity of the inclusion of constraints has been rec gnized
|

utility term due to their significantly effects on an individual’s mode switching behavior

or they should be implicitly put into ttile random term still needs to be identified Jhrough

an empirical study aswell as a theoretical analysis.
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L

As the hypothesrs of thrs report, 1 propose that the exrstence of constrarnts ln : K

. mdlvrduals mode swrtchmg has to be consrdered when we structure a theoretlcal model
w1th an 1nd1rect ut111ty functlon Furthermore constramts are supposed to srgmﬁcantly :

| affect an mdlvrdual’s travel mode swrtchmg, therefore constramts can be measured by a .
‘ drscrete chorce model whlch 1ncorporates constramts m systematlc utlhty term Frnally,v.fll ;

: the errors caused by 1gnor1ng the exrstence of constramts can be spemﬁed through the -

1ntemal and external valldlty tests In summary, the use of constramts in the analysrs of T |

in assessmg the travel servrce changes
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individuals’; travel
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SHAPTER 4

' aMETHODOLOGY

of the theoretrcal model. ThJS model replic.étes'

ehavror under the constralnts This chapter also'

he coefﬁcrents m the model

Formatlon of the Constraihed‘ Conditional Logit Model

1d1v1duals vanous r=sources with all other activities. If an individuél’

Lssumed arbltrarlly as the combination of travel and other activities, the

I{,, can be expressed for 1nd1v1dua1 n by a functron of consumed

.‘xnok( k—l,z...K)‘aJ‘ .

nr (x'nrl, o

-T systematic utility

-:— sYstematic utility

‘the resource & consumed by 1nd1v1dual nin all other activities|

the total number of
cision process by a

(xnrl

Equatron .1). w1th the utility funct’ibr_r_ used in the deriVation

Model,vthe same p
a’m component €,. 1

travel systematic utlllty V,,r and other systematic ut111ty V,,o

!
|
HURE
i

Kot

X k...x,,,K)'+

xnrk )‘+ Vno

attamed from travel r for 1nd1v1dua1 n

(%01, -

X pok Xk )

attamed from other act1v1t1es 0 for 1nd1v1dual n

measurable attrlbutes (resources)

random utility term ,. The total utility

Vno (xnoi, *

24

--xnok‘...'

- the resource k consumed by 1nd1v1dual n in travel

ors affectmg an mdtvrdualf.s decrsron for assrgmng his resources are

can be

“4.1)
of the

xnok ) + Sn

lace is that total utility is the sum of -systematic

he different place is that the former s systematlc




Based upon the assumptrons made 1n Chapter 3 an mdrvrdual myoplcally ad_]usts

his current allocatlon of resources so as to obtam ‘higher utlhty But mstead of fmdmg at‘ o

once the best allocatlon of resources utlhty 1ncrement maxumzatlon IS used as the

strategy to deal w1th the rssue of travel mode swrtchmg Therefore -an 1nd1v1dual swrtches" i

- to the altematlve whrch provrdes the maxrmum utlhty mcrement AUn - .
Generally assume that 1nd1v1dual n sw1tches travel mode from current mode c to' s

altematlve i The travel mode sw1tch1ng causes the attnbute change of Ax,,,k for travel and _

_Ax,,ok for all other act1v1t1es( k= 1 2. K ) srmultaneously The total utlllty increment AUn e

due to a travel mode sw1tch1ng can be wntten approx1mately as: SR

AU =AT, 4, +Be, B (42)
where» AV, and ‘A"V . are ‘the systematlc utlhty 1ncrement from travel and all other'
actrvrtres due to- travel mode sw1tch1ng Ae 1s the random component 1ncrement for
v1nd1v1dual n due to the mode sw1tch1ng | | | | | | |

The above equatlon exphcltly shows that a travel mode sw1tch1ng is the result of a
reallocatron of the: resources 1nc1ud1ng the systematrc utlllty change of all other act1v1t1es
as well as the systematlc utlhty change for travel ‘For 1nstance ‘a savmg of travel time
wrll increase the tlme spent on some other actlvmes such as readmg or shoppmg, then
will i increase the total utlhty as well | | £

As 1ndlcated by Ben-Aklva & Lerman(1985) the ut111ty acqulred from all other
act1v1t1es can. be thought of a contmuous functron of attrlbutes The systematlc utlhty
1ncrement AV can be approx1mately expressed as: |

LT e
M) EAn, @)

UV e
where,

nok L

is the partlal der1vat1ve of the utlhty functron for all other act1v1t1es with

respect to attnbute k Con81der the 1mp0331b1hty of attammg all- mformatlon about

1nd1v1dual’s all other consummg act1v1t1es while studymg 1nd1v1dua1 travel mode

‘ sw1tch1ng behavxor the systematlc utlhty mcrement may be convemently expressed by a ‘
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Taylor Series. The
~ bythe first two te
| - oV,

no —

T}

ms)

systematic utility

aV(x (0),.f§x

nol

increment AV, can be written as: (appros

(0)) o’ V(x,,ol(O) xno,;(o)) e

o, LT
. i.
The terms

OV (%,1 (0), .

6xm,,i

noK (

2 .
axnok

|

_ .related only to diffe

B

Yhok

D i 0% (i (0)- Xy ()

8x2: ‘are thec

the order of attrib

listedask=1, ...

Assume th at constramed attributes subj ect to the followmg constramts

i
.l.‘
i

utes in systematlc ut

I

m, and the unconstralned attrlbutes are k = m+1

K_,

2

(vimately'

(44

onstants '

rent mdlvrdual n and attnbute k. The followmg substltutlons are used '

~in the above expressions “4.4): ' v e - A
] B =,52V(’°”f"§3;;‘vx’f"“ = Ger2.0) | NCON
Consider the sys : atic travel' ‘utility as a lmear ﬁmctlon as used in most of drscrete |
choice rnodéis: L | o | | |
| . =Yt @7
) k=1 | S v ;
the _SyStematie utility | 1nerement AV,, canbe approximate_ly. gxpress'e‘d‘ as: | » - v
S Z%Axmg o @8
' T_ake Equation (4.3)%and (4.8) ﬁinto Equation (4.2) and replaee Ax,,,k and Axnok by dxpeand
dx’,,ok,weob?tain:vv - S ' . .'
| PUAS 2 B + ank B, + Z Bu (Ax;;;")?-» A, 49
Note that attnbutles‘ can be grouped nto- two sets by the constralnt types these with
resource constramt |and these without resource constramt The typlcal examples for the
former are tlme and’ cost For the latter on the other hand are gender or attltude Adjust

111ty functron‘ SO that:the constrained attrlbutes are




Sak F X = | (k—12 mo 10), R

~ where ¢y is the total avallable amount of resources k for 1nd1v1dual n such as budget or

o tlme lumts Drfferentlate functlon (4 10), the followmg equatron can be derrved

.dxmkmcm,k—o" | - =l2.m) (411)*3 iy

Drfferentlatlon dx rk and dxm,k are assumed to be approxrmately equal to mcrement -
Ax,,,k and Ax,,,,k, Equatlon (4 1 1) can be substrtuted by the followrng Equatlon (4 12)
. " A'x,,; 3 v-'Ax,,ok v ,

@ 12)

It is worthy to 1ndlcate that the attnbutes w1thout constramts do not subject to Equatlon' ‘

@ 12) The travel attnbute change Ax,,,k wrll not company the attnbute change Axm,k For . i

example, the change of a traveler s attrtude for carpool w111 not deﬁmtely affect hrs

attltude for plzza Therefore the allocatlon of attnbutes w1thout constramts 1s assumed 3 L

constant over the travel mode swrtchmg (Ax,,ok- = 0 k m+1 K)
R Substltute Equatron “ 12) into Equatlon (4 9),

i

Combme the ﬁrst two terms on the nght 31de of Equatlon (4 13)

" . _ a”k_(P”k G '.‘k—l‘ s &
- Ynk_ ba'nk k m+l K

Through the substltutlons above sub-mdex o no longer appears Therefore from
" now the sub-mdex r w111 be om1tted All vanables 1n equatlons are the attrrbutes o

correspondmg to travel unless where specrﬁc explanatlon 1s used

Assume that 1nd1v1dual n has a travel mode set w1th altematlve i —1 2 J the

total utrlrty 1ncrement correspondmg to the mode swrtchmg from current travel mode cto o o

‘an alternat1ve i can be re- wntten as T

AU (l) ZY nkAxmk +2BnkAxmk A+ AS : (l 1 2 J) (4 15) : B
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R attained from alternative i, A new

_ where, sub-index

’ x,,,k in eqfation"' 4. 15) refers to the kth attnbute correspondmg to alteman

w

 individual 7. Th
" modecis,

| V,;(?C)%

j is used to stands ﬁor a partlcular swnchmg from cto z F or ¢

systematlc utlhty whlch 1nd1v1dual n attains from the curre1

ZY Mxnd\ i

xample,

ve i for

1t travel

(4. 16)

whe_re" x,,ckgl is the kth attn\bute for lnd1v1dual n from the current travel mode c. For

indivi‘du,al»-(fz, V(i) ,lS a constant for all sw1tch1ng altematlves Cons1der the sun

current Systiematlc |ut111ty (4 16) and
' ' X
switching is forme :l‘ as follows,

'.K
N

|

where, € i is the sum of réndomwut_llity increment As: ;and s,,o Note that ;-

" and substitute Equation (4.1_83) into (4.1

— . K

U n'(z) = Zv ok i
- Smce the dlfferetce between AU (z)
‘altematlve l=, maxnmlzmg U n(l) w111
travel»_mod'e; switc hmg process “has b

problem:

(ietra

" where i

| 4U @) = V(c)+AU ('i);éf' o

k=1 |

iR Max : 5” (l) = ZY nkxmk + Z Bnk (xmk nclwtfl)2 + Em '

ic",kif - attribute k for alternative i

X4 -- attribute k for current travel mode ¢

and U n(l) is a constant Wthh is not rel
have ‘same result as to max1mlze AU (z)

een re-structured as the followmg maxur

vel Altematlve J)

TR

1ofthe' |

utlhty 1ncrement (4 2) as an approx1mat¢ utility
equatlon for the utlllty due to the travel mode
*=‘>|y,,kAxm,,+Zyn,,xm,,+ZB,,k Aryltew  (i=12.J)  |@17)
Lot P S S
CMcraxe (=Ll s @“.18)
7) we obtam - |
+-Z'B,,t<x,i,~t —xn;;)z +em @)

ated to
. Now,

ization

l@20)




€ - the random term}

Yk and B,,k‘. - parameters .

Compare the above equatron w1th maxrmlzatron of ra vel utrhty in denvatron for s -

the Condltlonal Loglt Model (assume systematlc ut111ty 1s lmear functron)

‘we can ﬁnd that if we add maxnmzatron (4 21) w1th constramt condrtlon S

SUbJCCt tO m-" ZBnIc (xmk ' m.‘k) ‘_“ '. | | (4 22) T

- the two maxrmrzatlon processes are 1dentlcal Thrs is because constramt functlon H,,c, is. A

' obtarned as the 1nclus1on of constralnt condltrons (4 10) 1nto the total utlhty mcrement;: =

! ﬁ.mctlon Now make the followmg substltutlons TR
S ZYn(rxnlk T
H Zﬁr,‘(xmk x) (4 23)

’mto Equatlon (4 19) and assume that random term s i lS a Wezbull drstnbuted vanable» o

‘ w1th the cumulatlve dlstnbutlon flmctlon , o
a2

e | F(em) = exp{—exp[—u (sn, - |
the probablhty for swﬁchmg travel mode from current c to altematrve i can be acqulredﬁ "

| by the method developed by MacFadden (see appendrx A) , v
' ,,(cz) prob(V +H +a,,>Max(V +Hmc+8n)_]€Bﬁl) R

mc

=‘ » exp(‘rln ni + p’n mc)

L vzexp(u'n nj +,J'n ryc)

- CXP(P'n ZY nkxmk + p’n Z Bnk (xmk nck) ) e - |
z exp(u’” Z‘Y”kxnjk + p’n Z Bnk (xnjk nck ) ) L -

o




’ - Xnik

- Ynk

A ) .un T
 If the param

* sub-index n can be

' f'i”P(

. where

By the de

~ Constrained Condii

e

~ The estimation -is

indi_vidual n has a

d

. current mode c to

switchings are ob

‘individual 7 is recor

The likelihood func

! Zexp(uZn
!
nvatlon vprocess a

J
a partlcular altematv

e rved and the eve

+- vaftr‘i.b,ut‘e k'for.,pr(

- attnbute k for cul

ameters in the above

ekp(uZn

ﬂd Bnk - parameters for 1nd1v1dual n o

Scahng; fac_tor for

omrtted from Equatlon (4 25)

)posed altematxve i for md1v1dual n

rrent mode c for 1nd1v1dual n

1nd1v1dual n

equatlon is assumed as msensmve over 1nd1

Xik "T“;,Bk(_xikf;xck)z) .

—- the probability

proposed alternatlve i

onal Logrt Model

N

performed by Max1mum leellhood Method (MLE) le

" set of altematlve

ded as Y,,c, -1, the

iy

A= nlIIL

4. 2 Parameter Estlmatron

tion, therefore, i"s 1~

lma> zzzmmum>

: m‘ . . “ » : . . '
DB G = xa)Y)
Eor sw1tch1ng travel mode from current mod

bove a modrﬁed drscrete chorce model

CCLM) is developed

ve i is expressed as Equatlon (4.25). If 1nd1\
nt of sw1tch1ng from mode c to altematn

probablhty that all events happen is express
P ( c l)Yna .

30

v1duals.,i_

(4.26) |

- the

s, the probabllrty he sw1tches travel mode from g -
IldllalS o

/e.i by

ed ‘a's T
427)

(4.28)

en that' e



‘ Assume the parameter Ynk and Bnk in Equatlon (4 25) are. all 1nsens1t1ve over md1v1duals

I'.

‘_To estlmate the parameters the followmg equatlons are requlred wh11e max1mlzmg- ‘

'Equatlon (4 28): N
‘ , n BP (é i)

'l ;
-

V» ‘Take Equatlon (4 25) 1nt0 the above equatlons _ e T
. | aP (C l) yb exp(p'"zykx”’k +””2Bk(xmk - nck) )

aYk ach (Zexp(”nZ'karyk + “’nZBk(xnjk nck) )

'—P(c z)(ZP(c ,)x,yk ) @ 31).?

o o, 1) o eXP(“nZkamkWnZBk(xmk = ..ck))

aB" aﬁk ZCXP(“nZ'kamk + p’nZBk(xnj’l nck) ) T
: _"P (C ’)(Z P (C ])(xnjk nck) (xmk m:k) ) (4‘32) -

. |

Take Equatlon (4 3 1) and (4 32) 1nto Equatlon (4 29) and (4 30)

“njk mk )

—ZZZ(P (c z)xmk -1, ,,,k> =0 120 @)

3H3) Z‘P (e, J>(xmk ) (x,..k Mk> >
‘ _ZZZ(P(C l)(xmk nck) nc: (xmk nck) )_0 )

(k—12 K) oL "7‘-;_(4.'34)":“

Take suﬁé‘tiftufiédnﬁ(;l-fs35)i ',;f.v s 2 L gt o
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into Equation 43

Take Eq

, we can obtain ;

n (4.25) into Eq

i

estimates for para

implicit functions

1

neters y}g and B ( 4

|

f
|

of v and B4., estim:

by the trial and er

for parameters y; a

I.nd [31,.

|
DI

|

(

method as the pr

|

i

By the sim

ar method develop

coefficient estima

and asymptotically

s for y and Bk can

o
y efficient.

|

222 By ~ i) =0 k=12, K)

=1,2,, K ). Since Equation (4.33) and (4]
ates for parénieteirs‘_ T aﬁd [31; can only be o

hducts with scale factor p,, that is, the coef

ed by McFadden (1974), the maximum lik

be identified as consistent, asymptotically

32

(4.36) |

Juations ,(4.33) and (4.36), we can compute the -

36) are
btained

ficients

elihood

normal




o sphts for the three travel modes

. mcluded in the systematlc

o : standard dev1at10n is'5. 0

T CHAPTER 5

INTERNAL VALIDITY OF THE MODEL STRUCTURE »
‘ Although an extended structure rnodel the Constralned Condltlonal Loglt Model is

| derlved does thrs model make, a dxﬁ’erence from the C dltlonal Loglt Model on the

N rephcatron of actual trave |

recover the estrmates tha"” r srgmf antly drfferen. from thelr parameters An 1ntemal

.v“vahdlty c’rs conducted 1n thrs chapter by a Monte Carlo
. questrons and to determme the 1mpact of assummg a Co dit 0

2 ”actual model should be the Constralned Condltlonal Loglt Model

5. 1 Data Generatlon

The ﬁrst issue. for the srmulatlon 1s to determrne th structure of systematrc ut111ty e ‘

: ‘functlon For the sake of convemence the attalnment "‘from 1968 survey m the :

‘ Washrngton, D. C metropohtan area 1s used (Ben-Akrva &'. Lerman 1985) There are.

| three travel modes in that survey, dnve alone, transn bus and share carpool The mode B

) 111ty functlon are. travel tlme travel cost and ut-ve

The average values for these attri tes are presented in Table 5 | e :
The next 1ssue is. data generatlon; or each observatron travel nm fora pamcular travel
~ mode is generated as an ir dependent nal dist ' e.average travel

B times for the three travel modes are 2' 7, 56 5 and 36 7 as hsted in Table 5. 1 The

. B ;

atlon to answer these o

€ 5 7%, 1 6/ and 27%, respectlvely hree attnbutes' o




alue

Table 5.1

|
!

Average attnbute \¢:

Travel Tlme
(mln) o

‘Travel Cost

(cents) - . (min)

: Out-Vehicle Time |

 Auto
 Bus

- Carpo

267
565

885 54
471 186
354 104

oh

Travel cost

o]

 following equatic

" Travel cost ;
i 'where the unit cost

Out-vehrclk

v

B w1th average tlme S
| The ‘randon

'ofI 28 The drstrrt

n

tained from 1968 sufvey i

of 5.4, 18,6 and 10,

i
|

are generated;ast

(T ravel tzme x uni
for the three travel

trmes ar € gener ate

n"th"e ‘vWashin.gton, DC, metropolitan area
hree dependent variables on the travel time
tcost) + Normal dzstrzbuted varzable(O 5.0

:l as three 1ndependent normal dlstnbuted Vi

modes are 6. 15 1 24 and 135 $/m1n respe

4 The standard dev1at10n is 1.0.

s b'Y'the -

) [CAV
ctively. |

arlahies' :

‘utility te‘nn‘i‘s a ﬂ(ezbell dlstnbuted var1able wrth standard devratron :

nutlon functlon of random vanable s,,, 1s :

factor deﬁned as

Chapter 2 (assume,

L ! § Sl
In order to

the correspondm

= determmed yalues

Table 5 2 Pre

B
g‘enerate records for

for the parameters

un =

ttnbutes have to

(et'er‘rnine;d parametervalue

- . F(Sm)‘_eXp[‘exp( p’nam)]

at u,,, and o-,,, are msensrtlve over md1v1dua1s)

the functxon of varlance Oni by Equatlon

/(60 )
1nd1v1dua1 traveL mode chorces the parame

be pre-deterrmned Table 5 2 presents t

(52
27) il‘l .

ters for -

he ‘pre-v:}‘ ‘

Parameters

_ R

.7

v, . B B By

B True Vqlue )

-0.0389  -0.00725

00121 -0.0054  -0.00012

--0.01

4




In Table 5. 2 Y Yy ‘and Ys are. the parameters for travel alternatlve specrfic

. attnbutes travel tlme travel cost and out-vehlcle- trme and [31 S Bz and B3 are the |

,,vparameters for the constramt vanables unposed on the three travel altematlve specrﬁc .

v ‘attnbutes

5 2 Slmulatmn Method

The performance of the Constramed Condltlonal Log1t Model on" rephcatmg“" o

ftravelers behavror 1s exarmned through the travel mode sw1tch1ng due to the desrgned

travel service change In the srmulatlon travel cost for dnvmg alo' 's 'supposed to r1se .

: 50 cents for each observatlons The all other attrlbutes remam as’ the orlgmal ones
' Traveler s mode sw1tch1ng due to the rlsrng of travel cost 1s embodred by the Constralned o

: Condltlonal Loglt Model The srmulatron 1s conducted by the followmg steps h : |
. ). generate the travel specrﬁc altematrve attnbutes by the approach descnbed in N

< the prevrous sectlon . o - ; o |

2) *}-‘compute the systematrc ut111ty terms and the random utlllty terms for the three )
Hf“iialtematrves LR R .

3) ‘choose the alternatrve w1th the largest sum of the systematlc and random

observatlon i,

utlhty as the current travel mode c' f | R
4) compute the proposed travel specrﬁc alternatrve attnbutes accordmg to the |
i . proposed travel cost nsmg, . ‘ | bb o '
5) compute the constrarnt functlons for each sw1tch1ng altematlve
6) generate a Wezbull random varlable for each sw1tch1ng alter‘natlve‘
: 7) 5 compute the sum of systematlc utlllty and random ut111ty as. the total ut111ty for
each sw1tch1ng altematrve and N |

""’.,81_)]'7fchoose the altematlve with the largest total utlhty under the correspondrng o

i constramt condltron as the sw1tch1ng choice 1 -
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- o | '} | 5*3 blmu]atlon Result |
The numbe-r of observatlons tn the s1mulatlon is 200. Based on’ the swwtéhihg.jj
database generate
A-LOGIT softwarc

L S
.

’The control ﬁie is attached 1n Appendlx B of thls d1ssertat1 on‘. The

) estimation rjeStﬂt by the Constraxned Ci :mdltlonal Loglt Mode is hsted in Table 5 3
‘Table 5.3 Esti!lnatfon by the CCLM model '

.A‘ttr,ibute e th_tt;ibute Name‘ B Coefﬁment -‘:’Asyniptotic--:  fTest
Number |/ Estlmate - Standard Error  Statistic

Time . '-0.04483_‘ 0003620 ¢ -1.2
cost - | -001123- - 000284 .40 | .
ehicle Time = - -0.00691. - 0.08490 -0.1 |

Time Constraint. | -0.00689 - 0.00141- .~ -4.9
Cost Constraint. - -0.00014 . -0, 000036 ., -39
ehlcle Time Constramt h -0. 01245 ERR 0006‘9‘6, -1.8

! Trav
" Trav
[ Out-
Trav
Trav
Out-

.o\m_.;';.uto;—-'
<(U(F'<(9(Dv'

u. N

a(0)= -219 722
a(B,) =-90.6071 |
pz— 05876 ||l

—t

P =05163.

The fesUIt

w

hows that the null hypothes1s of the parameter of Out-Vehlcle Time

can not be rejected even at a 0.10 level of sxgmﬁcance ( t=1 65) _ ‘ ‘
" The same database is used for the estlmatlon by the Condltlonal Loglt \/Iodelv.‘r.”
~ Table 5.4 presehts the estimation result: = ' -

d by ,the ‘wayj descnbed above the coefﬁclents are estlmated by ©



o Table 5.4 Est1mat1on by the CLM model

e v‘l_‘vT'est: ik

Attrlbute Y AttnbuteName Coefficlent : co tTest .
Number : ‘ - Estlmate - _Standard Error, - Statistic
1 © . Travel Time. 00815 00251 23
27 - ] " Travel cost - -0.01183 - 0.0018 -65 e
) 3 Out-Vehlcle Tlme R -000244 00548 . 004

”a(0)=‘~219 7225
-~ afp)=-189. 5214
'*p—own e
pr=00117 -

The x’ test 1s used to examme the 1ntemal vahdlty of the Constramed Cond1t10na1:)‘( B

Loglt Model The e

the estlmated Constramed Cond1t1onal Loglthodel and the estlmated Condltlonal Loglt'

tﬂlS performed by examr 'ng the null dlfference hypothes1s between:" » "

: Model under the s1tuat10n_where constramts ex1st in md1v1duals travel model sw1tch1ngs e

- 'v”The Xz 1 *statlstlc L is covl Zputed by he f0 low "ng equatlon

| pea) [() - ‘a(Bc)] e
L -—-‘-2[18952‘:4+}906071] S
o o=1978286

| "where a(B,) and a(Bc) are the hkellhood values obtalned for the Condltronal Log1t Model E

- and the Constramed Cond1t10nal Loglt Model as' shown m Table 5 3fand Table 5. 4 et

The computatlon result shows that the null dlfference ,,ypothes1s for the twol

’ 'models can not be accepted even at a 0 05 level of s1gmﬁcance as the cntlcal value for a‘“

"'5‘(>co1(3) 7815) Three‘

x dlstnbuted vanable at three degree of freedom s 5

constramt vanables used 1n the constralnt functlon is th sake of three degree of freedom K

The parameter estlmates obtamed for the Conn tlonal Loglt Model in Table 5. 4v.» _.“ o

are 1dent1ﬁed as 51gn1ﬁcantly dxfferent from the pre determmed parameter values as well )
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" asthe p&arﬁet’er es

X

- __In other words if’
‘.»constralnts whllei

B Condltlonal Loglt.

Also null

| is re_|ected by a t

“and ata 0 05 level

The same

N
c—ls

the_se : ,constra;;nts ‘

Ttest at a0.10 level of 51gmﬁcance ( tg

of srgmﬁcance for [5 ] and Bz (tg 1= ] 96)

|

measures Let us

The entry of cons1

v explanatlon power. to‘ individuals mode swrtchmg behavror 1f constramts do ex1st

Flnally, ‘T
esti",rnates» for -the
 Conditional Logit

B

) Cond1t1onal Loglt

B

Model for the sake of easy companson

~ Table 5.5 | ‘Sunmw‘.r'y of pa_rameter and estimate :

do exrst in 1nd1v1duals mode swrtchmg,.

Model w111 lost accurate estlmates for these parameters o -

mates for the Constramed Condrtlonal Log1t Model 11sted in I‘able 3.

e Constramed Condrtlonal Loglt Model can capture the effects of -

l_'l}llpothesw of the pmrarneters for the correspondmg constramt vanal?les_ :

=] 65 ) for the three parameters

conclusron can also be attamed from the companson of goodness-of fit
e; amme the llkellhood ratio index (rho-squared bar) for both models !
ramt attrrbutes (h cil hth and hc,j) causes 1ndex ] nsrng from 0.0117t0
| 0 51 63 Therefore,.. entry . of constrnnts appears capable of 1ncreasmg sufﬁclent
able 5 presents a summary for the pre-determmed parameters Z','the o

Model and the estlmates for the Constrainegl_i"";fﬂi‘.»
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" .CHAPTER"’& .

) SURVEY AND DATA COLLECTION S ‘ _
Through the snnulatlon perforrned in Chapter 5, the valldrty of the Constramed‘ :

, Condltlonal Logit. Model has been 1dent1ﬁed theoretlcally ThlS model can effectrvely -

rephcate the effects of constramts on mdlvrduals travel mode sw1tchmg However an
empmcal study is strll necessary for supportmg tlns conclusron v

_ Th1s chapter mtroduces the surveys. conducted on the two. s1tes m 1995 Each;. S
‘ vsurvey collects the travelers current travel srtuatron travel mode usage and thelrl .

' preferences toward vartous scenarlos of travel servrces el

6 1 Introductlon of Survey Slte .
Dunng the year 1995 the surveys of commuters at two employment s1tes were conducted
‘in downtown of Newark New Jersey The respondents were the employees of the Mutual F' _
Benefit Life Corporatlon s (MBL) headquarters bulldmg on. Broad Street, and the' o
Prudentlal Insurance Corporatlon s Washmgton Plaza Bulldlng (WP) | '

Accordrng to two mdependent Employee Transportatlon Surveys adm1mstered in B

' comphance w1th the U S. Clean A1r Act Amendments of 1991 as of September 26,1994,

total 893 employees of MBL Corporatlon worked-lnﬁthe MBL bulldlng everyday Seven A

. hundred and ﬁfty Six’ parklng spaces were avarlab : MBL bulldmg at a parkmg charge '
of 3 00 dollar per day In addltlon some street parkmg was avallable w1tlnn three blocks |

'Bus stops were located w1th1n one block or approx1mately 50 yards of the bulldlng s

~ ‘entrance. Durmg the mormng commute seven bus hnes served the MBL bulldlng w1th’ .

headways of less than 15 mlnutes and addltlonal four hnes have headways between 16-

» 30 mmutes Two commuter rallway statlons and two subway statlons are located w1thm

: ‘walklng dlstance Accordlng to the survey of 1994 travel modes used by the MBL e

employees can be categonzed 1nto drive alone carpool/vanpool and pubhc transport (bus,
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i

B

‘ ‘_ 'subvvayl' and rail), About 60 5% of total employees dr1ve alone to work The mark et shares

i of carpool and publlc transport are approxnnately 14 5% and 25%, respect1v=ly; The |

average one-way ¢ mmute dlstance for the all employees in MBL bulldmg is 18 miles.

‘r .

“ '_g”[he; employees commute travel to. the Prudentlal - Washmgton Plaza Building g

- (WP) is similar with that to MBL The survey of September 26, 1994 shows that there are

Lo 893 employees_' ,wot' kmg at the WP site-on a da11y bases and 902 parking sp aces are
‘ ’p'rovided. toi the Pludentlal employees Wlthout parkmg fee Also addltlonal 296 offlsi'te‘-'
parking "spa&ce’slwithjn a,di_stance‘ o‘f three blocks are leased for the WP employees Thr‘ee

L bus»l_ines',serve the  site with 1'5 minute mormng headways two hnes have 30 minute

,--;headways,.:and 0 ei w1th more than 30 mmute headways Subway and commuter rail

‘ serVice are available within a three block or 10 mlnute walkmg dlstance. The 1994l survey
also shovvs thatth_ "'market shares of travel alone, carpool or vanpool and pubhc tlansport
are 63. 2%, t13 1° 0 and 23 2%, respectrvely The average one-way commute dlstance for
the all employeeﬁ in WPR‘}bullding‘ is 19 06 mlles Flgure 6 l presents the travel (llStance :

T

- dlstnbutlons for the two sites.

Trip Distance Distribution

D‘is‘tance'v(mil‘e)'

;
Lo20%
- 2, _ - 5.1-10 10.1-200  201-30. © 30~ s
5 , - , S R 8 -.F\'utenﬂal
| T

’ y M.'F_igure 61 D'istrbib"ution'of travel distanoe "

"{'Thi_e,él_‘994 surr_veys alsosupply he dlstnbutlons of employee s home locat1 on'.' The . :‘-: ’

followmg TEable 6.1 glves thelO most common home zxp codes for the both 31tes

i ‘ .




o i Tahl,e 6'.‘1 Most common home 21p code and percentage =

Rak  TheMBLSite ~  TheWPSite
Home Zip Percentage s Home Zip Percentage

0711 - 440% '07"1.'1’1 0w
07032 4.00% 07083 D 200%':‘<"‘3}-‘v-v E
07003 "'310%; 07003 - 1,6‘,0%;,' T
07029 210% 07052 140%
07108 2.00% 07205 140%
07104 200% - 07109 " 140% -
07050 180% . 07040 130%
' 07103 S 170% - - 07018 1 30% ’
07106 . 170% 07110 130%

=N N P IO g :

The surveys also prov;de the jOb classnﬁcatlon for the employees on the two SlteS e

because thls factor has been 1dent1ﬁed by some empmcal studles as closely related to

travel mode ch01ce Table 6 2 presents the _]Ob category B

Table62 Jobcategory ) e
" Job category o ‘The MBL Slte : TheWPSlte “

SR Clencal/Secretanal _ 21% o 2T%
. Technical - A 4%
- Admmlstrator/Manager o 25%- L 20%

- -Sales/Associate: . 2% 1%
'Serv1ce/Mamtenance 3% 1%
. Skilled Craft - o 1% 0%
“Professional L 36% s 39%
" Laborer ol " 0% 1%
) .Others o . . 6% S . ,,;:7%;-
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Appendrx C presents an exarnple of scenarlos Table 6. 3 presents the brref mtroductron of

these attrlbutes and therr value ranges

Table 6 3 Alternatrves and assocrated attnbutes R

ALTERNATIVES  ATTRIBUTES =

Altematrve 1 | Smgle Occupant Vehrcle

Cost of tolls and gas per day | " R Current costs Calr

Parkmg space charge per day - $0 00 $3 00 $5 00

Altematlve 2 Carpool L : ~ o
Carpool costs per person per day 12 drrve alone cost
. Parkmg space charge per day R Vo4 drrve alone parkmg space charge e
' Pickup location * Lo -Home, parkmg lot,. shoppmg center ’
. ‘-:Extra trme requlred for carpoolmg 10 mm 20 mm, 30 min s

Guaranteed rlder home R T ‘_1.5‘ m_m wartmg,‘;35:.‘<m1_n' waltlng; none

Altematrve 3, Pubhc Transrt

“Transit fare per day". e o Current value '
* Number of transfers - e B _,Current number

e -Extra time requrred for transrt . SR U min, 25 min, 45 mm i
i Guaranteed rrder home UL 15 mm waltmg, 35 min wartmg, none o

Transrt subsrdy pard to you per day" R None $3 00 $5 00 -'1' s

The sequence of 18 scenarros ,were

::randomly ordered and admmrstered to:-;:

respondents The respondents are asked to choose Just one travel mode accordrng to therr,,v o [

tastes or preferences Respondents were selected through the volunteer '-process The

-_employee transportatron coordmator of each ﬁrm asked for vo-‘;;,

‘teers frOm the N

: permanent employees workmg at the srte The survey questlonnarres were dehvered to R

. the volunteer by corporate malls and total 74 respondents from MBL and 85 from WP B

4
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ESTIMATION AND TEST OF HYPOTHESIS

’In tlns chapter empmcal etrrdence is used to test the hypothesrs propos‘ !m’-"‘Chapter 3,

"'that 1s constramts'”'s ‘ou d be exphcltly lncluded in de01s1on makers ndlrect utlhty :

- functlons The hypothes1s tests i eiconducted through the followmg steps

1) The coefﬁcrents in systematlc utlhty functlon are estrmated by the »Condltlonal g

Logrt Model and the Constramed Condltlonal Logrt Model Thr process 1s” e

conducted by ALOGIT software for MBL data and WP data separately

2) A x test 1s perfonned for the null structural drfference hypothesrs and a t test“'- :

1s performed to test the null coefﬁclent hypothesrs fo :each constralnt varrable o
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 Sub-index z stand

.- Fach observ;aticn

Table 7.1

Ci

E

S

onsists of 23 eleme

fcr the lth observc

lthl‘l and k refers to the kth element in the ¢

nts shown as Table 7.1.

lata s_et.

L Element

lement in;each observation
No. -

~ Varia

ble

S O}
D=

BV ]

B xR ERCSS0®IR U AW

1individual choi
travel time for
 travel cost for|
~access time for SOV, x5
|-~ travel time for
| . travel cost for

ice R
SOV, x;;
SOV, x;;

CP x'21
CP xzz

~  access time for CP X3
" travel time for PT, x3;
- travel cost for
~ access time for PT, x355
. attitude for SOV X1y
! attitude for CP| X5
~attitude for PT, x36 o
 traveler’s age,| .
traveler s famrly size, Xig
.traveler s gender x19 ‘
L traveler’s annual income, x;p
S des1gned travel time change for SOV, h,;
|| designed traveﬂ
designed travel
+ designed travel cost change for CP, Az,
~ designed travel time change for PT, ey
designedt’ravel cost change for PT hc 3

PT X32

Xp7"

cost change for SOV hayy
time change for CP; h,y

o

!Equaftion

~ associated parame

e

'S.

' ;(rf;,)‘; @

(1—123)

)+ [X.klvk

L6

7.2) shows the s&stematic: _n'tility ,térm including its elements ‘and

a2




- where the vector (V ) refers to the systematlc utlllty derlved from each commute |

’ alternatlve smgle occupant vehlcle (SOV) carpool (CP) ‘or. publlc trans1t (PT), P

respectlvely The elements in the paran

ter vector (y k) are presented m Table 7. 2

Table 7 2 Parameter 1n systematlc utlhty functlon

Number The attrlbute whlch parameter 1s correspondlng to

' traveltrf, '_e (genenc)
iitravel cost (genenc)
" access tlme (genenc)
,attltude for SOV e
- attitude for CP.
attitud for PT - . =
o age for SOV
- traveler’s family size for SOV
. traveler’s, gender. for SOV B
L *traveler s 1ncome for sov -

BORNGAUR W= |

The parameter Vector (a, ) stands for the altematlve

‘ecrﬁc constant for the,' o

alternatlves SOV and CP. The desrgn travel scenanos are mamly‘ co< tructed in term of

. _ -changes in travel tlme and travel cost therefor the‘ vanables 1n' constramt term H are |

'1desrgned to correspond the constralnts on travel: tlme and travel cost The constralnt"' g

:fllnctlon Hc, is formed in the form of Equatlon (7 3)

where B i and B ) are the parameters correspondlng to the two arguments in the constramt .

R : '-{functlon :Appendlx D presents the control ﬁles used in ALOGIT software Table 7. 3 and . o

47




C 74 pfésent the Co

-

the WP S_itCS, ‘lcb

 Table73 cCCI

tlvely N il

,M model estlmatlon

nstramed Condltlonal Loglt Model estnnatlon results for the M

BLand

 Attribute |
_number

Attribu

L

d,lteName’ _ o

for the MBL s1te

estlmate

Coefﬁcnent :

Asympto‘t‘ic_:f _ ‘
Standard Error -

o
Statistic

stant of SOV

stant of CP -~~~
wel Time (gene_rig)
el '

cost (generic)

vl e~ L N RN U

' Likelihood with Zero a(0) = -709.7053 o
 Final Likelihood

Rho-Squared w
' Rho-Squared w

Aftitude to CP

o Genderto SOV.

Constl

Time (generlc)
e to SOV

ude to PT
to SOV
Size to SOV

to SOV

[]

1 Constramt on Travel Tlme(;veneric)
raint on Travel Cost(generic) v

A (Bp) = -555. 8165
th|Zero p’ = 02168

t]hlconstantp —0205( R

. _,-,1.574» .
.. ..5770
S -1819E-01
- 9164E -02
L3200
3470
5547
 .4110E-01
 .8326E-01
. 'i‘v’=:-1.2'226 S
9286E-01

- -6632E-03
- 2371E-02°

562

784
947E-02
568E-01
138E-01

. .585E-01
.713E-01
.738E-01
.127E-01
393E-01
15 -

. 122 :_f : ‘
154E-03 -
AT9E-02

-43

23
7
o

B8

._'7 )
5.5..

7.5
32 ¢
2.1
-1.9 -
1.8

,:.57

19

a8




Table 7. 4 CCLM model est1mat10n for the WP s1te .
Attrlbute Attrlbute Name . . Coefﬁcre‘nt h A}_symp‘totic L t

number . ce L estimate ~ Standard Error  Statistic
1 "ConstantofSOV i 1468 . 563 26
2 Constant of CP ' 0359 - " .579E-01 . 62
3 _Travel Time: (generic) .. ~1921E-01  .630E-02 - - -3.0
4 ‘Travel cost (generic) - . =2509 335B-01 .75
5 Access Time (generic) .. - 1508E-02 ~ .708E-02 . 2 -
6 - Attitudeto SOV. - 2055 . .S34E-01 - 38 .
7. AttitudetoCP. -  3572E-01 .S09E-01 Jer
8 "»AttltudetoPT o 5497 . 562E-01 98
‘9 AgetoSOV . - -2001E02 .835E-02° -2
10 'FamilySizetoSOV . . .6713E-01 . 297E-01° 23
11"~ .GendertoSOV = SnoL4391 109 40
- 12~ Incometo SOV. . . - -2219E-01 675E-01 -3
13-~ Constraint on Travel Tlme(genenc) -~4147E-03 917E-04 - -4. 5‘

| '14‘:- Constramt on Travel Cost(generlc) oo 1941E-01; .506E-02__:‘?" - 3.8

*leellhood with: Zero a(O) = -986 5538
Final Likelihood occ(Bw) = -807 8917
~ Rho-Squared with Zero. p = 0 1811
=5 *Rho-Squared w1th constant p =0. 1623

In Table 7. 3 and 7 4 a(O) is the maxrmum hkehhood value where all the
parameters are Zero, and occ(B,,,) and occ(Bw) are the maxnnum 11ke11hood values for the'
V ﬁnal estlmatlon results p and p are the factors for the goodness-of fit'1 measure | |

Flrst dlscuss the estlmates assoclated w1th the travel spec1ﬁc attnbutes travellv

’ tlme travel cost and access tlme Both Table 7. 3 and 7 4 above show that the estlmates

. 'correspondmg to travel t1me and travel cost are negatlve as expected However the £

statlstlc valucs for the estlmates correspondlng to access tnne are very small for the two -

s1tes As the t stat1st1c values are less than the cr1t1ca1 value of 1.28 under 51gn1ﬁcant level -
of 0. 1 the access tlme effect on the 1nd1v1duals travel mode sw1tch1ng can be put mto the'

_‘ random utlhty term. Accordmg to the analy51s to the data thlS is because that the qulte,'»
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t
: .

more respondents in the two srtes dad not correctly answer the questlons about.vtheir' ’

access t1me‘ and approach especrally for the altematlves they did not use currently The o

altematlve spemf constants for SOV are posrtrve for both s1tes The coefﬁcrent .

estlmates for the al 1tudes are all pos1t1ve as expected : _ _
| The travel, r’s annual mcome l‘ras very weak effect and thrs effect is contradicto_ry
for the two 31te< JO 8 and -0.3 for MBL and WP respectlvely) Th1s result can be :

-_explamed as the I nondents reluctant to answer the questlon about thelr 1ncorne; or
dehberatelygsupply the wrong answers : | »

|
|

Table 7.5 CLM| m;odél estimation for the MBL s1te

. - | . ) o Co - . :‘ P
Parameter  Attribute o Coefﬁclent ‘ -Asymptotic ' f Statistic .
o : estnnate : Standard Error.

2788 863 - 32
..9085 7320 12
-4618E-01 . .683E-02 68 |
-2361 . 406E-01 - .58 |
-4559E-02  .125E-01 . o4
3470 . 574E-01 - 6.0
3171 . WT0IE01 . 4
Y5302 0 T11E-01 75
| 3823E-01 - - -126E-01" . g4 | -
| 7370B-01 . 39I1E-01. o )
f i -2363 W4 "-_2‘_1
__ IncAme;, o s 1200
f;.;a(0)—-7097o§3_]?2.\ L " R
.a,(B,,,)—-567 5669‘»,%;
|
|
|

~p=02003.
o 01881

It 1s notevvorthy that the coefﬁc1ent estlmates for the constramt vanables are

1

negatlve Thls re"ult means that the ex1stence of constralnts encourages the tra\ eler- to v

stay or swrtch to an altematlv.e w1th s aller attrlbute changes

|
i
i
i
I




Table 7. 5 and 7 6 present the estlmatlon for the Cond1t10nal Loglt Model usmg
ALOGIT software for the two 'sites. The results show that the t stat1st1c values
. correspondmg to access tlme and traveler s annual 1ncome are: also less than the crmcal

value of 1 28

Table 7 6 CLM model estlmatlon for the WP s1te

Parameter

Attnbute n L

'Coefﬁment |
estlmate.y.,‘, .

} ’Asymptotlc
S .StandardError ‘

. tStatlstlc ” o

: ‘l',k,;‘VOLL E ‘ ..Constant ofSOV B
~% Constantof CP'

| z; : o Travel Tune

¥z o ,Travel cost *
Y Access Tlme

% Attitudeto SOV -

P

. 'y, . Attitude to CP

1w AuindetoPT
T Age
.~ Yo Family Slze

. . - Gender
- . Income
. 0t(0)-~-986 5538

(B, =831 4445

',p =01512
-p> _.0‘1378 S

6232 f

2877
3397E-01

S a1794

-2154E-02 C
o *530_13,_01'

e -1565E-02

2566 -

5165 -
-1256E 02
4787E—01
4524

524
1493 - . 58
v?‘__534E-O2z;’.'~”. 64

T 252E-01

3194E-01' B0y
. 53401 g
.825E-02 O
. 285E-01
109 )
666E 01'_;,;_.! o

HEO1 4

72 Hypothesis Testing.

The hypothesxs that constramts w111 81gn1ﬁcantly affect the 1nd1v1duals travel mode

sw1tch1ng behavxor 1s tested by | i
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performed for the
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w(% 'q;(s_;n)-); R

and 7 6 are the hkehhood values obtame<

The x test statlstlc 7» for the MBL site|

z(Bw) ac(Bw))
Aw, 1s larger than the cntlcal value x (n)

s stands for srgmﬁcant level and n refers to

is that the two models are: s1gmﬁcantly d

S computed as:
8165) 23. 5008

s1gmﬁcance level of 0. 05 with two ﬁeedor

Is is reJected for MBL sample Thrs means
ned Condltlonal Loglt Models are srgm
y the Condltlonal Loglt Model

e, the null dlfference hypothesrs of the str
VP sample as well as MBL sample The

i-807 8917) 47 1056 |
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ThlS test is to examme whrch constralnt s effect is. s1gmﬁcant statlstlcally If the S

o 'null hypothesrs for a partlcular coefﬁclent is rejected we accept the altemauve hypothesrs

g that this constralnt ex1sts in the travel mode sw1tch1ng behav1or

The null hypothesm of constramt coefﬁc1ents 1s reJected as the t statlstlcs for" o

‘coefﬁcrents 13 and l4 in Table 7 3 and 7.4 are both larger than the cntlcal value of 1. 28. R

under the 51gmﬁcant level of 0. 1 ThlS result shov'k'v{': ';that the constralnts on the travel tlme s

| and travel cost both ex1stif11f. ;

R In summary, through the tests performed by the two data sets a conclus1on 1sv

- , reached As expected constramts ex1st and affect 1nd1v1duals travel mode swrtchmg

‘ 7 3 Jomt Data Estlmatlon and Sample Identlty Testlng : L
"‘.fi},.The 1994 surveys for the MBL and WP 51tes show sthat _‘the 1nd1v1duals of the two s1tes -

have srmllar geographlc and somologlcal ch"‘actenstlcs as well as: the actual commute"“_m,’?ffﬁ

~_mode altematlves On the surface the two expenment 51tes app arlldentlcal for all other L

travel attnbutes w1th the exceptlon of a dlfference in, parkmg ‘ -_,arge Both sﬁesfhold e

" ﬁnancral serv1ce headquarters Both 51tes‘ m the CBD of@_{ e same c1ty Both are?..‘:: -

located near the same transportatlon center However whether these two data can be L

accepted as. the two samples drawn from the same populatlon 1s stlll needed to be : o

exammed statlstlcally

On the v1ew of dlscrete mode ch01ce model two samples drawn from the same i

populatlon should statlstlcally have the same parameters for the systematlc utillty

- components and same random ut1hty dlstnbutlon As the estlmatlon of the model supphes o |

' the coefﬁc1ent estlmates the dlscuss1on should be. start from the 1dent1ty of coefﬁclents

- of parameter vector y,, correspondlng to the attrlbutes in the systematlc ut111ty functlon
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U The dlscusswn in Chapter 2 shows that the callbrated coefﬁc1ent Tn ,1s the. product ERE
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The sufficient condition for the equiva

: "coefﬁclents%\ T 1
scale factors uj;-*
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nhe
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and »'2'f'refer to the

1 1s arbltrary assurr

z',samples. The_nnpa,
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~testas follows .
a) testthe
b) test th
| scale fac
A approach
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‘ The gr1d search is|¢

1) comput

— ng_

null d1fference hypo

— O

En

1t pornt is to test

e hypothesrs of th

null drfference hyp
t or ratlo is l 0 whrl
whrch was des1gne
(RP) data is used
lhypothesrs (a) abo
onducted in the foll

separately the coel

1, which is relat
> stands for -the;;drﬁ

uy and y, equals

coefﬁcrents 'cl and 1:2 1f the parameters are 1dentlcal for t

ve' 1s to ﬁnd the scale factor ratro by a gnd

erent sample the MBL or. the WP sample

<Yn —Tn'

das

1—C02

called the scale factor ratlo Now the requrrement for the 1de

1 sferred to be C 1

Therefore we obtam

lr = C Hz
led as 1.0, we can calculate the scale factor

if the two samples have same parameters

othesis for the two samples scale factors
e the parameters of the two samples are equ
d to test the 1dent1ty of stated preference (8

in this report (Swart & Louvrere 1993) T

owrng few steps

ﬁc1ents ‘tl and ‘tz for the two samples ‘
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ed to the varlance of the random utllrty ter

tlence of coeffrcrents for the two samples T

to Y2 However tlns does not mean that C

/0. samples m thrs study are cl for the MBI

he two s,amples 1dent1cal is performed by tw

thesis for the two sample s parameters and o

m. Sub-

'(7.5)
l = 12.-:_

hfferent ‘

esult in drfferent parameters y, ¢ y; and clrfferent

[ and o
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ntrty of o
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sample 1 and sample 2. Provrdrng that’ the scale o

M2 ?and* |

he.two -

Vo sub-

that is,

P) and "
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L 2) seta reasonable range for the scale factor ratro k and detenmne a umﬁed'* o

. ‘mterval to obtarn a set of tl‘all scale factor ?t(’) Parameter X(I) stands for the L _

B drﬁ‘erent trall value for A,

3) fconcatenate both data‘ sets as a _|

)andxk( for the da for MBL sample,f""f

» scale factor ratlo

. and the WP sample

) _"estrmate coefﬁ tdata set w1thd1fferentscalefactorratlo A ‘f‘ -

ts us1ng theJ:
~ Yand |

| 5) repeat step 3) and 4) unt11 a maxrmum hkellhood value is achreved

o The lﬂ) correspondmg to the max mum hkehhood value 1s the scale factor ratlo estlmate :

data set [X.k(m) x”’X ,_W)]T witha il

equahty 1s executed by companng the llkelrhood for the Jomt data set w1th the Sum c f the 2

- separate hkehhoods for the two samples Accept th hypothesrs that both samples. '

'have the same parameters in. th ."isystematrc utllrty funct'» n i ‘.”the Jomt and summedf'"" o

separate hkehhoods are not srgmﬁcantly drﬁ’erent

If the above null hypothesrs is accepted compare the 'mi mum Jomt lrkel ;ood to

o 1 the Jomt hkehhood w1th scale factor ratlo of 1 0, and accept hypothesrs '..(b) if the S

maxxmum Jomt lrkehhood and hkehho.”" wrth 1 0 of scale factor 1 are not drfferent-'

N statrstlcally

The separate est1mat10ns for the two samples have been ﬁmshed in sectlon 7 1 and B

.' the coefﬁclent estlmates are hsted 1n Table 7, 3 and 7 4 Therefore gnd search was

B lperformed by a senes of Jomt estrmatlons w1th drfferent scale factor ratlos usmg ALOGIT B T

' program The control ﬁlc for the Jomt estrmatron 1s attached in Appendlx E of this report S

E The WP data matnx was multlphed by a part1cular scale factor ratlo ?» and concatenated ‘. o o

: 1 w1th MBL data matr1x to form a jomt data matnx The gnd search result is: presented by SRR

o »Flgure71
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Likelihood Value
)
(<]
o

s .
Scale Factor Ratio

The likelilimod valuevac(Bp ) corresponding to the scale factor ratio of |
N !
1374.0999; the estirpatjon model for thlS value is not shown. The maximum like

. 3 ‘ !
value a.(By ) found by the grid search }s -1370.5652 at the scale factor ratio of 1.3

i
4

7.7 presents the estir

(

Conditional Logit Model.

Figure 7.1:  Grid search of scale factor ratio

ation result with !the scale factor ratio of 1.3 using the Cons

.0 is -
lihood
Table

trained

The test fo;r tllle parameter idéntiity of the two samples is conducted based upon the

. L | .
separate estimations fin-_Table 7.3 and 7.4 and the joint estimation in Table 7.7. The

statistic L, for hyjm_tjhe‘sis of parameter|identity is computed as:
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13 Genderto SOV

Table 7 7 Jomt estnnatlon by the CCLM mode

Attrlbute : Attrlbute Name e Coefficnentf- o Asymptotlc j e t s e
 number: . estimate . " Standard Error  Statistic =

*Constant of SOV for the MBL oy
" Constant of CP.for the MBL
. Constant of SOV for the WP
- Constant of CP for the WP -
~ Travel Time (generlc)
Travel cost (generlc)
‘Access Time (genenc) A
AttitudetoSOV 3266 STIE-01
“ Attitide to CP - S 3258 © . 701E-01
) *.AttltudetoPT C 5527 T20E-01 7.
’ B f-“"Age to SOV 5.-'126E-01}. Che 8,
12 Fam1ly Size to SOV ]

O 0V U R W N -

o Income to SOV

| ”:,"Fmal Likelihood o, (B) ~ -1370 ;5,_6,5_‘
o Rho-Squared with Zero p = 0 1920
e ’Rho-Squared w1th constant p*' ).1

Cr1t1cal Value w1th df—9 is 19 675 -
7, ac(B

where ac([}p) is the max1mum llkehhood value of Jomt data est1mat10n 1n Tabl,
,,,) and occ(Bw) are. the max1mum hkehhood values of the sepatate.estlmatlons for the

MBL sample and the WP sample shown in Tables 7 3 and 7 4. .:E‘The cntlcal valu“f",under e Rz
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the signiﬁcance level of 0. 05 w1th degree of freedom equal t0.9is 19. 675 The degree of R

ﬁeedom number is +1 where K 1s the number of common parameters in joint model as
o _'welvl asthe separati models The n l hypothesrs states that the parameters underlymg
_both modeisifare- ldmlmty ~ | o 1

' The hypothe sis of scale factor 1dent1ty is tested by computmg test statlstlc lib)
o 20 ab] o
| —--2( 1374 ()9?9+1370.565_:2)x
Al Cntlcal value with df=1 is 3. 841

’ Where 'ac(p*,i )'is the hkehhood value ofj Jomt data estlmatlon w1th scale factor ratio of 1.0

shown in Frgure 1. The cntlcal value under the srgmﬁcance level of 0.05 wrth degree of

freedom of 1 1s 3 8%11 (the one degree of freedom is the result of the restnctlon on the o
scale factor | W _"“‘2) R .

The two test| results show: that the parameters in the systematlc utlhty functiOns_ o

are identical: for the two samples; but the varlances of random components and therefore ;» ‘

‘ the scalmg factor are diﬁ'erent’ Fiﬁally based on the Jomt estlmatlon result in Table_7.7, .

.
' the _|01nt Constraln d Condltlonal Loglt Model ‘was calrbrated as follows: -

]
o V,+u,H
RS ‘ P(CI)_ exp(u,, + 1, Hy)
‘ J} . : ZCX])(IJ‘"VJ‘*‘H,, )

(cz—l 2, 3)

| 1 203E, +_1.028E2_-- o
81E, +3193E, -
l"‘.. 0‘ - N

N

Cos8




o v vvaltematrvez

.,NF-00172 “
A "_—02159 o

Xy Xp X5 ox, 000 X Xy

[X5 Xy x5 | 0.0 Xag 0.0 0.0

c]) (xlz ) 02)"{'::
cz) (xzz 02)2

cl) (x32 ; 02)

: _where E, is 1 for MBL and 0‘ for‘WP 1nd1v1duals and Ez is 0 for MBL and 1 for WP. e

- 0. 0005
0 0053

1nd1v1duals Parameter u,,

o stands for the des1gned kth attn ute change 1f commuter sw1tches from current mode c to:

The coefﬁcrents in the constramt terms ",( ,) are :

"For example, the coefﬁclent for travel t1m ange’" term 1s -0 0005 Th1s result shows thatf .

. 'the constralnts for travel tlme a

‘1s 1 or MBL and 1 3 for WP 1nd1v1duals The term (x,k xck) £

, egatlve in Equatron (7 8)

cost tend to encourage mdlvrduals to remam 1n thelr‘- O

: current commute modes 1nstead of sw1tchmg to an altematlve However some var1able s_

”contnbutlons to the mode sw1tch1ng behavror such as access tlme and mcome are stlll‘ff =

'vague 1n that therr t statlstlc values are less than the cntlcal value Addrtlonal study on

, these varlables lS necessary

s ':' 74 Dlscussmn . '

| In summary, empmcal ev1de
such as cost and t1me .on 1nd1v1dual mode sw1tch1ng behav1or These constramts are :

xdent1ﬁed to srgnlﬁcantly affect 1nd1v1dual mode sw1tchmg behavror Ignormg the effects;, E
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e has. 1dent1ﬁed the ex1stence of the constramed resources, |



- of these constrain

ik The Corlstrgrined C
 In addition, c

 transferability of

estimation efficies

'

when estimating
onditienaﬂ Logft M

the emplncal mode

ncy as well as the ace

the model w111 cause blased coefﬁment €es

)del can correct these blases and errors

Is poss1b1e As the Jomt estlmatlon unprc

uracy of the estlmates. e

- .60 B

tlmates; o

correctmg the‘ biases in the estlmatlon of the coefﬁclents makes the

ves the -



| CHAPTER 8

. EX ‘ERNAL VALIDITY AND DISCUSSION

L Chapter 7 tests the Constralned Condltlonal Loglt Model and presents ev1dence Of ltS

. supenor performance when compared to the Condlttonal Loglt Model However the_ .'

> 1s lumted to construct vahdlty tests and is therefore llmlted to a test ¢ ‘f ,mternal N

valldrty

| rattnbutes have been changed A model ay succeed in demonstratmg mternal vahdlty,‘

- but thlS does not guarantee hlgh quahty“ predlctlons A useful model must also be ‘
.exammed for 1ts extemal valldlty Accordlng to Rosnow and Rosenthal ( 1996) extemal
- ‘vahdlty is-a model's performance 1n predlctmg actual states of ffalrs Thrs chapter

| presents the'methodology and the extemal vahdlty test for carr“ymg out the analysrs

8 1 Ideal Experlmental desngn for external valldlty test

Forecast and pollcy models are_ prepared to predlct states of systems after R

- An extemal valldlty test of the CCLM model examiines a. model’s ablhty to predlct travel i. 3

: -lmode swrtchmg behavxor assoclated w1th a des1gned change in avel condmons such as |
a parkmg charge 1mposrt10n Ideally, an extemal vahdrty test ,hould be performed byb |
- measurlng the dlfference between predlcted travel mode sw1tch1ng and real mode
swrtchmg followmg a change in a travel attnbute 1dent1cal to that specrﬁed 1n the |
forecastmg model - _ " N | R | |
| One of the most 1mportant 1ssue in extemal valldrty test 1s the expenmental des1gn :

for obtalmng the actual mode sw1tch1ng data A statlstlcally appropnate number of o

. mdwrduals should be randomly selected from a target populatlon and the charactenstlcs | B

, of the1r travel s1tuat10ns relatlve to the travel modes avallable such as travel t1me cost
etc as well as the1r current chorces of travel modes recorded Then by an. equahty‘ -

. prmcrple these 1nd1v1duals should be randomly a551gned to two dlfferent experlmental ‘)
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| “conditions, %the test
condition should

~ control 'subi-samlyl
, attnbute changed to test the effectlof the attnbute change on the mode sw1tch1ng v
On the other h

the drfference between the control and test condltlons 1dentrcal w1th the expenrr
. be ..»._comparefd ‘with
conducted by a p
“ Let ustak

test could include:
‘ . assocmted travel attrlbutes 1
2).

" condit on. The control co

.3)

aﬂer the'

o ,hetween

4)

3 cjharge imposition identical

, 5

!

E

!

' x |
1) rfandomly
rhndornly assrgn these 1nd1w

dondit ons wmle’, the test O

observe

-rhodel |
test the
obtained

dbtainei under the real wor

i
I

The 1nd1v1duals

I}
i

the real outcome

R

:

O

select a set of ng

|
|

1
|

o
and_recjord the real
desrgned parking

- 7iimpos1tlon after removal of] confoundrng effects

ﬁredi‘ct tratrel mode svritch ng behavror assoclated w1th the de51gned I

condltron and control condltlon Indlvrduals ass1gned to the
and mode sw1tch1ng predlctlon should be made i in correspo

1cular statl_stlcal ap proach

an 1mpositibn ofa pa‘rking charge as an exa'mple.’ The_ekternal_

the two sub-samp les are accepted as the effect of parkmg

control

face a set of unchangmg travel condrtrons and therefore be called the’ .

assrgned to: the test condltron would have. one

11v1duals and record therr current travel mo
por each travel alternatlve
nduals to elther the control condrtlon or to

ndltlon mamtams the md1v1duals current

mode ch01ce for the two sub-samples beﬁ

charge is 1mposed The market share dlff

wrth the exp_erlment _condmon .u_smg the

ld condltrons

e

ndltlon 1mposes a desrgned parkmg charge k

nding to |
ent'and
of the experlment The companson USLlalli’"‘ be

validity -

des- and ( N

the- test -

travel =

=rences x

3arléing |
CCLM

null dlfference h) pothesis. The null hypothesrs - the mode »split‘
by - the forecast Tlodel 1s statlstlcally 1dent1cal to the mocle split :

ore.and ¢

charge



: If the null dlfference hypothesrs 1s accepted the hypothesrs that the CCLM modelj'

predrctron 1s 1dent1cal to actual controlled sw1tch1ng behavror can not be rejected In other‘ |

o word the CCLM model is extemally vahd

8 2 Actual Experrmental Desrgn' ‘ vExtemal Valldlty Test

' An 1dea.l external vahdlty test is seldom supported by real world condltron The 1deal '} “; S

'experlmental desrgn 1s therefore necessarllyj'modrﬁed to be practrcal for the o

o crrcumstances surroundmg actual research condltlon; The practlcal experrmental des1gn o

must mcorporate cause and effect reasomng Thrs 1mp11es that the two phenomenon co-‘. o

- ’Vary, the cause precedes the effect and confoundrng factors are ehmmated
A longrtudmal desrgn conforms to at least one of the three cntena for cause and B
effect reasomng smce thJS desrgn can effectrvely guarantee the control sam ef:and the test o

| sample 1dentrcal by observrng the sample sample s behavror before »'and after the test B

condmon B executed The data used m lOngltlldmal desrgn is called panel data as
'drscussed in Chapter2 ' o e _

However panel data was not avarlable m that the researchers had no opportumty e

: to mampulate both test and control condltlons in the actual expenment Alternatrvely, two .

samples may be selected based on thelr loca ig

and therr operatlon in the same type of busrness to replace the panel data Th1s data is- ‘

ln”a same central busmess drstrrct (CBD) B

called cross-sectronal data and a cross-sectlonal desrgn is then developed 1n th1s srtuatron e |

'to replace the longltudrnal desrgn The prrncrple and process of th1s desrgn w111 be L

drscussed 1n sectron 8 2 l , o ; ,
' Data was collected in thrs study for the extemal vahdrty test as‘well as for both‘f

‘the CLM and the CCLM estlmatron of explanatory models The CCLM explanatory

- vmodel developed in. Chapter 7 is used to produce a. forecast of mode splrt change L

‘f assocrated w1th a change 1n parkmg charge To remove confoundmg effect 1n cross- e
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are held unchang<
In cprres;)(

es
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two -er'rlployment

trcal for all other travel attnbutes w1th the exceptron of a drﬁ'er

L‘c ‘was the parkrng c
‘The natural experiment arose as

“of the experimeh

in 1991 ThlS ac

]
"-employees who sk
: ' the _Prudentral Iss
“The Waslﬁxélg_thn
B $0.00 parklng ch
o
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on forced the mag

i
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sites. TheMBL he
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nce Corp,orate’has

e. In neither case v

xpenment occurnng on the sites. On the surface the two expr

was formed by combmmg the WP sam]

1ple for completlng the extemal validity te

e perfon'fned hy generatlng a mode split for

irfference between the forecast values and t

sites WP 'and MBL f"Wer'e' “ chOSen in coi'nt

ondrtron facmg the respectrve employees

S a result of ﬁnancral problems expenenced
adquarter site was the center ofa bankruptq
agement to 1mpose $3. 00 parkmg charge
contrast the Washmgton Plaza headquarte1
had fully sub51dlzed parklng for over two d
site ‘was selected as the control srtes basec

vas altematrve parklng a feasrble optron

.64

recast method 'fdr‘the external‘ Validity test/

y model i

le with

,st.v. The

n detail

cast by o
wilbe
he truth o

.mg standard hypothesrs testlng procedures B

ination
=r1ment '

ence' m B

1al servrce headquarters Both srtes are m the same '_ |

ed near the same transportatron center The only .

by’ one
7 action -
on its

site of

lon 1ts

ecades o



The va11d1ty of the selectlon of the two samples is supported in Chapter 7 by the L 'v

'ﬁndmg that the two samples were drawn from a populatlon reﬂectmg the same.

| ) underlymg mode sw1tch1ng structural model

8. 2 2. Confoundmg effect and truth set fo\:“;:matlon o

‘In the 1deal world the control sub-Sample and the test sub-sample are formed through a

. random ass1gnment of elements taken from a rando‘

‘.populat1on Random a551gnment guarantees that the 'two‘ sub-samples have 1dentlcal :
’ attnbute d1stnbutlons although the two sub-samples are made up of dlfferent 1nd1v1duals b. :

Theoretlcally, cross-sec‘_"onal expenmental des1gns should also meet the equalj B

samle"denved from the target S

»d1str1butlon requn'ement In tlns study, equal"attnbute d1str1but10n requlrements 1mphesi._v

. that the WP sample and MBL sampl.f

‘e _If nonnal*drstn ﬂutt n-

the only exceptlon of the parkmg ch

as an example The two samples are requlred to "h _e;the_same average travel tlme and E

standard dev1atlon of travel trme -

However 1n1t1a1 exammatlon of descrlptlve statlstlcs taken from the two 51tes -

3 reveals that the means and vanances _ f the two 31tes are dlfferent across many varlables .

drfferent average travel tlme dlfferent average 1ncome

o dlrect observatlons of the two samples mode spht w111 1nclude a confoundmg effect as -’

_well asa parklng charge 1mpact

To remove the confoundmg effect an ad_;ustment of the covanate values 1s ‘

_ requrred The WP sample s covanate values are changed and*;’hrs change 1s reapphed mto :

: 'a 1mphclt change 1n the mode spht Take travel t1me as an “ample The followmg Flgure )
8 l presents the dlfferent SOV travel trme dlstrlbutlons for the MBL sample and the WP )

sample
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‘ element assrgned

ThlS obJec"
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changes for all in

; le

1

‘;me between each WP 1nd1v1dual's current travel tlme for SOV

) ‘thls 1nd1v1dual

L

1v1duals in the WP
1 .

& 5 8 % $ 5 8 % -8
'.SOVTravelTlme o .

travel t1me 1s a nonnally drstnbuted vanable for each travel

glnal WP sample ‘.

ad_]ustment process 1s used for thls ass1gnment The obJectn

ive is completed by

o " @

ime distributions of two samples

I

’P sample Usmg the MBL sample s averag
parameters a set of normally d1stnbuted el

ator m Mlcrosoft EXCEL for the WP ‘samp

these elements to the total of {n} 1nd1v1d

minimizing the square of the sum of trav

sarnple.' This cbjective is expressed by a f
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5 Z(y’ o2 ey

where,

Y- the _]th element for the adjusted travel time and ‘

.‘-- the ongmal ravel t1me ‘b f "rev the adjustment for 1nd1v1dual 1 |

o k == the kth combmatron
.The mlmmlzatlon process has been comp1led as a compute v

. ' program is attached m Appendrx F

After the asmgnment of the elements to each 1nd1v1dual m the WP sample these"v: . |

- _‘ ’elements form the adjusted travel t1me for the SOV mode of the WP sample Us1ng thei_” o

same procedure all other covanates are adjusted for thethree travel modes

Then these adjusted covanates are used to’ produce the adjusted mode chorce for :

'b the 1nd1v1duals m the WP sample The mode chorces were produced through a Monte’ L

v _Carlo srmulatlon usmg the explanatory CCLM model based on the adjusted covanate TN

values The s1mu1at10n 1s conducted by the followmg steps

_f‘:[_Compute the systematlc utlhty for the three travel modes SOV Carpool andv""

_:iTransrt usmg adJusted covanate "if’“‘:lues for each 1nd1v1dual of the WP sample

‘ ‘}: ” "2)‘"' | Generate a Welbull dlstnbuted vanable as the random utlhty term

values b

3) ."}Compute the constral :

.]values

’d_f_on the ongmal and adjusted covarlate |

S ?.-'r".‘ 4) Choos_ the travel mode w1th the largest sum of SYstematrc and random utlllty .‘ L

term under the correspondlng the constramts S

:f‘The truth set has now been formed by assemblmg the MBL sample and the WP

' sample w1th adjusted covarrate' The mode spllt obtamed from the test sub-sample of the -

- truth set is cons1dered as the expenment result m, and w111 be compared Wlth the forecast L

- result by the CCLM model
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o j‘extemal valldlty

. 823 Fo're%ca’st an
~ The forecast of the
explanatory CCL

l)w'Taken as

- travel
' system__

2) Usrng

probabi] i

parkmg

impact of a'$3..'00
M

odes as well as th

L

the explanatory C

()

| External Validity

model with the fol

glven, each WP mdlvrdual’s adjusted covanate values for th

c utlllty and the correspondmg constrarnts

tles to switch: to €

3) Add all

' the total

harge unpo'srtlfon.‘

WP individuals' switching probabilities and then divide this

dl

aggrcu

mode spht foreca.

Based on thje

o forecast mp are ob

' forecast values The

The mode S|

"forecast As an a

i ned. The last_Step

work above, the n

th.ej, null differenc<

t teSt 1s used to test
H,:

it 1n the real world

mode Spllt are not

The test sta

computed by Equation (8 4)

1 atrve hypothesrs

lSth 6 is at drstr

y Test

number of mdlmeuals in the WP’ sample Thls final - result

lowing process g el

CLM , :model

st mp )

s the extemal valldlty test The hypothes1s

3 between the actual mode split values a

the null ;hypothesls H,,, -
my *,% o

1s_-_assumed statistically identical'f to the mo¢

H ; is listed below for thhe.v sittiation whe

mEm,

ibuted variable and its values in this test
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parkmg charge on mode splrt is conductecl by the_ S
e three
eir personal 1nformatron are used to °0mpute the Tk

compute each WP mdrvrdual’s‘

ach proposed travel ;altematlve folIowmg a :$3’.0'(v_)

sum by
is the' B

1ode spht in the real world m, and the mode spht

nd‘ the
®2)
le split

re two .

®3

for the ‘

can be
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RENE
. where

-- -the actual mode spht obtamed from the test sub-sample of the truth set

My =~ the predlcted mode spht based on the control sub-sample and des1gned

n - 1nd1v1dual numberln the"s:

Th1s test has to be performed for the three travel modes respectlvely If 9 is less :,'f}

' than the pre-determmed two-‘::’

cntlcal value ts/z(n-l ) under the n-1 degree of freedom"_ S

| v .Wlth s1gmﬁcance of s, the extemal vahdlty of CCLM model can not be rejected

Based on the dlscuss n above, external vahdlty test is summanzed as the.‘ o

) followmg process PR

v 1) Observe and record the MBL sample s mode spht as the truth s’

3) Use WP sample s adJusted travel attnbutes and personal mformatlon to make a. S

: forecast of mode spht under a $3 0 parkmg charge 1mposmon |

. 4) Test the null hypothes1s between the m elspht fore;f”st and truth set’ s modev‘ R

spht observed from the MBL sample

8 3 Empmcal Test

| ThlS sectlon presents the extemal va11d1ty test result for the CCLM model usmg the cross- A .

sectlon experlmental des1gn descnbed in the above sectlon




A total ol’,

lmode spllt for the

58 1nd1v1duals wer<
th:ee travel modes

3 the 1995 survey

_ of 1nd1v1duals ofﬁe sample us1ng eac

mode split values.| |

selected from the WP s1te The actual CO

»mmuter -

SOV Carpool and Tran51t were recorded hased on“v
d are presented in the Table 8.1. The second column hsts the numbers: . |

h commute mode, and th_e tlnrd column presents the .

v, Table 81 Ac

tual un-adj usted h1<

toncal mode spllt of the WP sample July,l

995

Travel mode | Mode Share el " Mode Split
@ @ G
(0% 400 68.97%
. CP 3 5.17%

LPT 1S 25.86%
- TOTAL 58 100.00 %

A second 58

~ the three travel modes were recorded aj

|
N

individuals vvere

nd presented 1n Table 8 2

selected from the MBL The mode split val ues vfor _-

Table 8 1 Ac tual un-adjusted hlstoncal mode spht for MBL sample July,l9‘l)5

Travel modev M(|\de Share Mode Split . -

S m @ @

¢ sov : | 33 e 65.51%

o Ccp. oo 7 1207%

. PT . TR kI L 241%

o TOTAL 1 o] as8 100.00%

Table 8 3 presents the average covanates and assomated standard dev1at10ns for
the covanates of the two samples o |




s dev1at10n 3557 and 22.1¢

Table 83" Covanate averages for the two. samples

Covarlate - . The MBL Sample : The WP Santple '_ vt'.'test :
: i Average Sta Dev. AVerage " -Sta.Dev.  Statistic

Travel time for SOV - 210 2902 18, 04 172

" Travel Cost for SOV ~.3.09 . 281 257
' Access Time for SOV 183 4'}4-."6_9 131
- Travel time for CP. 4109 21 86 1.
* Travel Cost for CP. 189 - :_1\,92’_4 3
 Access’ Tlme forCP 621 "-'6‘.3'3"- CU6T5 0,
- Travel time for Transit ":[;‘“61‘.‘84 - 47.76 31 98
‘Travel Cost for Transit -~ 4.03 ‘ 324 - 02, 76{\ L
Access Time for Transr 13200 L 9.63. ¢ o
+ Attitude for SOV*" - . 359 .. 238
7 Attitude forCP*. . o ¢ 433 - 433 . 1.67
. Attitude for Transrt* oL 514 476 1.
Age Category* o284 213 0.
238 L1

Income Categc,ry*:/r. :

"l‘hese vanables are rank order arlables in the survey and assumed to belong to an underlymg
- “continuous drstrlbutlon in the'survey. " -
4 The values arelarger than th cntlcal value of 2. 0 for two talled t dlstrlbutlon at’ 0 05 level of -

v srgnlﬁcance

For ease of computauon the underlymg drstrlbutlons ‘o“ the varlables shown in

" Table 8 3 are all assumed to act as contmuous vanables The val es ’1n the parenth"‘ses are.

the. standard devratlons It can be seen that some covanates such as: travel cost.‘ for the_ |

SOV and CP attrtude for the SOV Age category and 1ncome category, drffer w1th» "‘»

statrstrcal 81gmﬁcance between the MBL s1te and the WP srte

The average covanate values and standard dev1at10ns ,for MBL were used to

. adjust the covanate drstnbutlons for the WP sample to- form a truth set The SOV travel-' -

time 1s taken as an example The ongmal travel trme values are hsted 1n the second row in

- Table 8 4 Usmg th verage travel trme for the MBL sample and the assocrated standard-}'.’ L e

71

___'adjusted travel ume for the Wp Sample Were obtame d and‘ o



 thirdrowofTable84.

. [
L
A

assigned to ;e,aéh ndividuals in the WP sample. The adjustcd travel time are listed in the -~

Table 84 SOV travel time a?cijmtment for individuals in the WP sample

Individual No, o2 3 4 s 67 B

Original SOV Travel Time = 25 | 40 35 70 45 110 45 30
Adjusted SOV Travel Time 31 | 48 46 79 63 92 67. 40

|
i
|
|

. Table,:8.'4 (c rtinuéd) - ‘ ‘ _
910 12 | 13 14 15 16 17 S I

65 60 40 25 25 15 15 35 15 .
78 74 49 39 | 38 14 12 46 14 4]

w
o.v

 Table8.4 (continued) . 3 L L
19 20 210 2 |23 24 25 26 21 28

|
|
L
z
i

100 20 20 60 |45 50 20 40 25 4p
S lo 25 28 74 67 71 220 s 31 49

N

B
Table 8.4 (continued) s ,
290 50 31 32 | 33 34 35 36 37 38

N
L]

30 45 45 20 325 40 15 50 45 |
39 64 6 29 | 43 47 20. 7. 60 20

N
i
I
|

- Table 8.4 (continued) , v ‘ , ‘
3940 41 42 (83 44 45 a6 47 48

30 |
2

!
3
|
3
|
o
ol
!
]
!

1520 450 425 25 25 25 Q0 30
16 28 57 54 38 37 37 10 40

v72




. Table84 (continued) . T
49 50 5152 s3 s4 55 56 5T sg

2020 175 20 20 ,45 25100

15 6. 20 | . | o
470 280 2721 26 26 .56 290 9

A Monte Carlo:‘ lmulatlon was next conducted usmg the explanatory CCLM’,_‘-;,!,-

model and the ad_]usted : _vanate values to produce the 1nd1,

dual mode chorce The:: -

mode spht values for the three travel modes were then computed by averaglng the‘ : _‘ ﬂ

1nd1v1duals mode sw1tchlng data The mode spht values w1th adJusted covanate values for

the WP sample are llsted in the second column of Table 58 as well as the MBL mode*;f’-‘-f

spht values in the th1rd column The mode spht data hsted 1n;‘Table 8 5 form the mode

" \:spht observatlon of the truth set whrch w111 be used 1n the external vahdrty test

Table 8. 5 WP sample mode spllt w1th adjusted covarlates

Travel mode WP Mode Spllt Value E MBL Mode Spllt Value
R (Adjusted Covarlate) L ‘

oSOV o CTS31% 6551%:;
CP 1086%. S 1207%
PT 1383% - 241%
TOTAL . - 10000% o . 10000%:.“,

ad]usted mode spllt values for the truth set assoc1ated w1th the test condltlon are llsted 1n7 o

o the second column and mode spht forecast values are llsted in the thlrd column of Table

(‘., g
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I
t

" 86 The mhde. S]
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o In fact -al

t forecasts are obt

WP ‘ind.ividual’

‘ averaged as S the s

nle s mode spht

values The standard dev1at10ns are llste«

ained by the 1e:)(p;l'anatory CCLM ‘model derived in

mode sw1tch1ng probabilities. for each mode are' .

d. i 1n: the "

l
SOV and PT moc

. [ . .
for the rejection

I¢
Q

individuals in the

ob’servationicause sl

L
‘However, the moc

statistically identica

PT modes.

le split’ forecast fo

,.[‘

oS, The null d1fference hy

F

f the nul‘lfl‘difference hypothesis. for the CP krnode is that ve

|
\ ‘
tWo sites use carpo
R
a loss of accuracy

i
B

\l w1th the adJusted

|

pothesis for CP can be rejected, The

ol as their commute”jmode. The small nun

when computing the rnode split value_s*, for ¢

observation for the MBL sarnple for the S(
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- 'parenthesm in the 1.hll‘d column of Table 8.6 based on the average of ‘58 1nd1v1duals in the
sa_mple for the need of computatlon of statistic values. Column 4 hsts the absolut= values“;v
of the differences between the tr;uth set values and the forecast values The t [statistic
values in column 5_‘are comp_uted by Equatlon (8 4)
Table 8.6 Adjusts ted mode spht values and forecast value companson :
" Mode { ‘thde Split Values Mode Spht Values : 'Forecast “ t Test
b <'I“ruth Set) (Forecast) ‘ - Error . Statistic
®m o e @ e
SOV 6551%  6665% (S75%) - L14% 15100
CP , ' l’2.07%‘ S 12.78% (237 %) 071 % 2.2815
PT | ‘:'2.'41 % 20.57 % (7137,'%) . 1.84% - 1.9014
; , | AP
E
The [two-tal critical value for the significance of the 0.05 level with degrees of
| freedom of 5 7 is 2,0, therefore the null difference hypothesis can not be rejected|for the

reason. .

ry few o

arpool. .

r the WP. sample. generated by CCLM model is -

Wand

nber of ' -



8 4 Companson wrth Other Research

. The cross-sectlon expenmental de31gn and the emp1r1cal work conducted in the abovef‘

o sectlon can be compared w1th the before

| aﬁer research desrgn and external vahdlty _ :

test conducted by Beaton (1997)' That study for the SC model by before and after de51gn B

" _shows that the predlcted marke“_‘ hare for SOV changes from 100% m 1993 to a predrcted"
832 % in 1995 The actual 1995 value reported from the subset of 1995 respondents 1s.';'.;;__
- :82 2 % The dlfference between forecast for swnchmg behav1or and actual smtchmgs:"i“

: behav1or is'1 %

8 4 Summary

Th1s chapter has presented the study results of an extemal valldxty te' : :usmg a cross-v

B sectlon expenmental de31g for the CCLM"model The exp nmental techmque used m* |

thlS study ceruﬁes that

1) cross-sectlonal expenmental des1gn can

o experlmental de51gn must ‘be 1dent1ﬁed as drawn from bthe 'nsame target_’ )
populatlon and o | B o

2) to remove confoundmg factor the covanates of two sample_,:

| to have 1dent1cal Dlstnbutlon

used m external ahdlty test where*‘ S

The CCLM model has been 1dent1ﬁed valld through 1ntema1 and external Valldlt}" g

test Thxs study shows that theCCLM model can. successfully forecast the mode spht G

change assomated w1th a parklng charge 1mposmon for the SOV and pubhc transrt‘_:;, o

modes
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 CHAPTER 9

CONCLUSION

This report ldeveloips -the :Constrailned Condrtlonal Logrt Model based on the hypoth'es'is‘

that the exrsted resource constramts have srgmﬁcant effect on mdrvrdual’» mode -

SW1tchmg The0r - al and empmcal studles made in thls report have supporte_d’ the _ |

The ﬁrst con}t’ribution of thrs re]port is the development of the CCLM model wﬁich -
| : __

o exphcrtly 1ncludes the resource cons,tr 11nt into the decrsron makmg process and then the =

» ‘swrtchmg probab lrt.y function. Thrs advance gets the d1screte chorce theory undlerlymg

travel mode [chorce consrstent wrth the classrcal econormc theory although the assumptron g

of mclusronlof Co; tramts has been proposed m some papers descrrbed in’ Chapter 2.'"jTh'e.“ o

E explanatory;model estrmatlon and the| mtemal and external vahdrty study in thrc f¢l50rt y

shows that the Constramed Condltronal Logrt Model can successfully address th]s issue
o wrthout 1ncreasmg the complexrty on the model estlmatron g - . ' , |
Th1s modbl therefore provrdes a tool for evaluatmg the effect of vari‘ous' |
\‘ c0nstrarnts.- ;Thes_e' v:onstramts are no lo nger limited w1th1n time and cost but extended to "
a broad freld; .T'hisv{advance makes 1t possible | to analyze the effect of other constralnts

o such as exogenou ;ly-lmposed schedules, physrcal needs authonty and morahty

. The second vcontnbutlon 1s the advance on the model estrmatron A factor grrd-..;' e

- searchmg approacl 1whlch was developed or1g1nally in SP and RP data combmat jon has P %

' been successfully apphed onv the qut € stlmatlon by the comblnatlon of two sample's Thrs

- process not only mrprbves the efﬁcien Cy of the estrmatron but also prov1des a tool on thev_':- "

i

study of transferal:rlrty of empmcal models

As the Co | ermed Condltronal Log1t Model corrects the errors caused by failing :

_to 1ncorporate con t alnts in the 1nd1r< ct utlllty functron more prec1se estlmates for the.

J =
attnbutes rn systematic utrllty becomes passable These 1mprovement can help us to

|




.' j~:promote the accuracy on predlctrng the 1nd1v1duals mode swrtchmg on the dlfferent srte ', .

and srtuatron

The tlnrd contnbutlon is the 1mprovement on the expenmental des1gn for external '

R vahdlty test ‘A cross-sectlonal de51gn was used m th1$ study to re lace the longrtude ) o

' desrgn wh1ch is usually used with: panel data in the extemal valig test The cross-'f )
sectlonal des1gn makes extemal vahdlty test avarlable 1n the s1tuat
' have no opportumty to mampulate both test and control condltrons in the actual -

expenment

The cross-sectronal desrgn can also avord the time effect m' the longltude des1gn
g such as 1ndrvrdual’s taste change wrth trme However the cross-sectlon expenmental i

desrgn can only be used under the followmg condltlons

where researchers= S

1) the two samples used in the cross-sectlon expenmental desrgn must be T

1dent1ﬁed as; drawn ﬁom the same target populatlon and

2) the two sarnples s covanates le‘ tnbutlon must be 1dent1cal Otherwrse thc [

mode spht values must be ad_]_ sted. /;

If the above two condmons are no. true m the real srtuatron confoundrng factor

“will affect the observatron of the actual mode swrtchmg behavror The confoundmg effect

~caused by usmg two samples to form a truth set has been studled in thls report The . |

adjustment of the covarlate values of the two samples is another 1mportant contnbutron ,

Without removal of the confoundmg effect by the covanate values adJustment cross- .

sectronal dcsrgn has seldom opportumty to be apphed smce 1t is lmpractlcal to expect the’f";; -

two samples with 1dent1cal dlstnbutlons of attnbutes 1n the real world

Further work is stlll needed to 1mprove the approach for estabhshrng empmcal S

: models As 1nd1cated in the above chapters how to desrgn the proposed travel altematlves

and the assocrated attnbutes S0 as to avord the errors related to RP and SP combmatlon is s |

_ one of the ex1sted 1ssues F urther study about the survey method and data collectlon is

: necessary
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The analysi

the individual trave

1

S

of the effects:vof 0

mode switching is

ther constraints, such as physical and morality, on .

needed by more empirical studies.
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o APPEN_])IX A

DERIV ATION OF CONDITIONAL LOGIT MODEL

,VThe ut1hty used m dlscrete chorce models 1s assumed as the sum of a systematlc ut1hty o o

’:term V,,, and a random term 8,,, Sub—lndex n and i here_stand for 1nd1v1dual n and o

altematxve i

leen that the random term i ‘1s a Wezbull dlstnbuted vanable The densny? o

dxstnbutlon functlon and the cumulatlve dlStI‘lbuthl‘l functlon of 8,,, are wrltten as N
f(sn,) by XL 0~ x,.,)]exp{—exp[ 1, - x,,,)]} @4 o

 and e | Sued . R
o F(sn,)*_- exp{-expl- un(sm A, )1} " @ 3)""'
e i where, u,, and A.,,, are the scale factor and posmon factor If term e,,, 1s assumed to vary_
| h mdependently and 1dent1cally (IID) for all altematlves and 1nd1v1duals the probabxhty

» that the utlhty obtamed from altematlve i is larger than all other alternatlves can be.

| wnttenas £ ; S ,
P (1) Prob( U,,, > max( U,,j)) Prob( V +em > max(V +e,y))

where J is the total number of the alternatlves avallable Compute the probablllty of

max(V +a,,j)

Pr ob[max(V + e,y) < ef]“-;- H Pr ob( ,+ 8 - < 8)’-'

“ijl..

i H exp [" exP( u,, (e ,51 x,y ) - ’
= ”
oSt

Then write max(V +8nj) to be V *+e,,* The probab111ty can ‘be wrltten as B

Prob(V *+e* <a) Prob(s* <8 V*) , R Lo
B I
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Compare Equation

The probability of]

Take Equation (A

Pr

N w——

o2

exp[p, (V, * +4,

an._l‘:ni <Vni -Vn‘

*_ =/ ]
€, €y <Vni Vn

@ By V=V, * d

-de

ni

-0 -

d‘
de Fi{ ol
d
de

o

-

o

-
I

7), we obtam :
vy

3) into Equation (A.

9317(8,, *_Sm' < Vni -
l’ln exp[_“‘n(eni

xexp{—e

exp[u

(A.4) with (A.5), we obtaln

hoosing alternative i is obtained as:
Prob(e, * ¢, <

J.f(e ni,8 n

e |

mi)] Fp(e, +V,

"] = Zexp[un(V +2,,)]

<V =V,%)
*)dam'dg.n *

FEn,8,") )de de, *
oe Oe *

[F (., )] £ (8, ")]de , de , *

Eni +Vni_Vn

d

_[F,(e,")de, * e,

~V,)}de,,

,,,)]em{—eXP[-rl (8,., 7»,,,)]}*

|XP[—P« (sni +I/m _V *_}' *)]}dﬁ

n m]

exp(l“»l'n)“m) + exp[_

*[exp
exp(K,,

= Id{eXP[ eXp(~11,E /)

(p'n}\'ni ) + eXP(‘Hn (Vn(.
)’m')

| 4
=V, =k,

a

Xp(R A ;) +exp[—p,,
exp[p'n (Vu'

(Vm - Vn * _)"n*)] (1 - O)

+A,)

Take Equation (A.

a

xp[“’n(Vm + )"ni )] +¢

6) into Equation (A.

>Xpl, (¥, *+4,%)]

8); we obtain :
explp, (V,; +A,)

Pi) =

expli, (¥, +

Al + Zexp[u,,(V A

=l
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(A.7)

(A.8)



- _v»altematlvez by md1v1dua1 n 1s obta_uned as':

- exp[u,,( ”‘n,)
Zexp[u,,( s+ 4]

» Assume that posmon factor 7L,,, in the above equatlon 1s zero, the probabxhty of choosmg” "

Zexp(u,,

Equatlon (AlO) is the ordmary form of the Condltlonal Loglt Model

‘‘‘‘
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| APPENDIX" B

CONTROL FILE FOR SIMULATION

"‘The followmg control ﬁle was used in the estlmatlon for the Constramed Condltlonal'“"-”

o Loglt Model in Chapter 5.

, ****Estlmatlon for the Constramed Condltlonal Loglt Model**** -
b..DATA 19,1 - | RL | ~- "

v PRINT 80 63 3

' END

- l?aralnétef Definition

01 Travel_Time

02 Travel Cost"f'

03 Out-Veh Tlmc |
04 Constramt on_Travel Tlme
05 Constralnts on Travel Cost

06 Constramt on_ Out-Veh Tlme

. Systematie;Utility'Fuhction(. 1-‘s‘ing1’§ Ocetjipaht_yc‘:hjele,‘ Z;Catphol;; 3-Transit)
R util001= pOl*d02+p02*d03+p03*d04+p04*d1 1+p05*d12+p06*d13

| util002= pOl*d05+p02*d06+p03*d07+p04*d14+p05*d15+p06*d16
util003= p01 *d08+p02*d09+p03*d]0+p04*d17+p05*d1 8+p06*d1 9

The followmg control ﬁle was used in the estlmatlon for the Condltlonal Loglt , :

Model in Chapter 5

S ,.’i‘.%’*_"ﬁEfstimatibﬁ for fﬁe_CQnditional LOglt Model#+++ _
- DATA19,1 - Lo ST RS
- PRINT 80,63,3
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END

- Parameter Defi

01 Travel Time
02 Travel Cost

03 Out-Veh_Time

- Utility Function

utilo01= p01*d02
~ utilo02= p01*do5
utilo03= p01*do8

+

|

p02*d03+p03*d04

!
1-Single Occupant Vehi

p02*d06-+p03+*d07
p02*d09-+p03*d10 |-

cle, 2-Carpool, 3-Transit)
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i ‘APPENDIX,C o

: v SURVEY QUESTIONNAIRES : ,
_ Please consider each. scenano mdependently and do not compare wrth others (V: alues xn

- ,bold change in each scenano)

: "'Altematrve 1, Slngle Occupant Vehlcle

Cost of tolls and gas per day o fale e Your current cost* o :

Parkmg space charge per day e $5 00/day($100/month)‘ |

. Alternatlve 2, Carpool R ' : -
. Carpool costs per person per day L 1/2 your current dnve alone cost* el
_ ',Parkrng space charge per day 12 your drive alone parkrng space charge5 W

 Pick up locaflon o T A shopplng center parkmg lot o

~Extra time required for carpoolmg IETE 10 min. for each one. way trip . i

.Guaranteed rider home LS Yes 15 mmute Walt :

= 'Carpool subsldy peid to you per day.l ~ s
Alternatrve 3 Pubhc Transrt

. Transit fare per day T EeE Current values* | 'v :
Numberoftransfers : o R " N Currentnumber* _

Extra time requlred for transrt v R o 25 min. for each one way trlP
' __,Guaranteed nder home ) o Yes 15 minute wart' .

B Transrt subsrdy pald to you per day o 1 $0 OO/day($0 OO/month) .
o After companng the characterlstlcs of the three altematlves shown above I

: choose T ‘ ' R | S

o ***Please check one and only one alternatlve*** G
: "Drlvealone o et A

Carpool : L

e Tran51t + MBL van serv1ce B

89






. DATA27,1

o 'APPENDIX | D\.

_ CONTROL FILE FOR ESTIMATION _
' -'"The followmg control ﬁle was used in the esttmatlon for the Constramed Condltlonal‘ |

E ?Loglt Model in Chapter 7 , PR |

| Enmtfth Constrained Conditional Logit Model

~ PRINT 80,633 -
: END "‘VV-" |

E Pa_ra‘iheter Deﬁhition » D

01 SOV constant
02CP_ constant L
03 Travel Tlme
04 Travel Cost
05 Access Tlme _
07 Attitude_SOV -

- 08 Attltude CP _
09Att1tude Transn B CHNET REE AU I S
10Age
vllFamﬂlar " Lo T B

12 Gender .

13 Income :
14 Travel _Time Constramt
15 Travel Cost Constramt n

Sy Uity R (- Osapant Ve, 3.Capol, 3 Tty

C ut11001—pOl+p03*d02+p04*d03+p05*d04+p07*d12+pl0*d15+
: +p1l*d16+p12*d17+p13*d18+p14*d19+p15*d20 Rt |
| util002= p02+p03*d05+p04*d06+p05*d07 +p08*d13 +p14*d22+p15*d23
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03 Travel Tlme
- 04 Travel Cost

D 09 Attltude Trans

E
[

util003= p03*dos

The follow1ng contro

Chapter 7

f
l
. ?
f
\

'DATA 271
PRINT 80 6[3 3
"END . |

- Parameter Deﬁniti on

f

01 SOV constant ‘

02 CP constant

05 Access ’li“lme
07 Attltude SOV
08 Attltude CP
- lOAge . [
‘ 1 1 »Fatmhar. ‘
12 Gender :
1.3 Income

- Systematio Utilit
util001=p01+p031
+pl 1*d16+p12*d
util002= p02+p03

 utilo03= p03*d08

l
'l
}

K ke

—
prrl

y T

cl
17+

i

+p04*d09+p05*d10+p09*d14 +p14*d25+p15*d26

+* Estimation for the Conditional Logit Model****

unctlon( 1- Smgle Qe‘o’upant Vehicle, 2-Carpool, "35-Transit)

Ae e 44‘;“

2+p04*d03+p05* 1o4+p07“=?d1é+plfo*d-1°5+" o

fp04*d09+p05*d1o+po9*d_,14 =

1 file was used in the eStimation»for the Conditional'Log'it N

pl3*dls | _
5+p04*d06+p05*d07 +p08*d13

o o

dodel 1n o



- APPENDIxE

CONTROL FILE FOR JOINT ESTIMATION |
: The followmg control ﬁle was used 1n the estlmatlon for the Jomt Constramed»

. Condltlonal Loglt Model in Chapter 7.

ko Estlmatlon for Jomt Constramed Condmonal Loglt Model**** L
. DATA311 ' ’ : L SRR LT

_ ]PRINT80633
~ END ERS

- Parameter‘s.ff |

1’01 sov Constant for MBL

: . 02 cp’ Constantfor MBL
. 03 SOV_Constant_for_ WP
04 CP Constant for WP |

| . 06 Travel Cost

o 05 Travel Tlme

07 Access Tlme L
11SOV_Attitude -
. .12 CP Att1t1de
13 Tran51t Attltude
14 Age for SOV :
16 F amﬂy size for SOV
.18 Gender for SOV
B 20 Income for SOV

’ ‘50 Travel tlme Constramt

,,"'.51 Travel cost Constramt

':‘,Systemaﬁc ;Ijti‘ii{y..pun¢fi»6n» (‘,‘?11,Sing1e‘rOcctipént‘;'iyéhic,15§, 2;‘Cmpo51;f3§Trgn§it)if BRI

L 'ut11001 pOl*d02+p03*d04+p05*d06+p06*d07+p07*d08+p1 I *d16+.« -
L +p14*d19+p16*d20+p18*d21+p20*d22+ p51*d23+p52*d24
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util002= p02*d03 Fl‘a04*d05+p05*d09+p06’fd10+p07*dl 1+p12*d17 +p51#d26+p52*d27

© util003= p05*d12+p06*d13+p07*d14+p13*d18+p51#d29+p52*d30




e s

_ » PROGRAM FOR ATTRIBUTE ASSIGNMENT‘ :
Program Asmgnment S
' »1mphc1t none
) v "‘mteger 1(58) l,J }
- real:iold. value(58) new value(58) hold :
e open(umt—13 ﬁle—"oldvalue tx " status—"old")
read(13,*) old.: value ' R
o open(umt—14 ﬁle— newvalue txt", status—"old")
‘ ‘read(14 *) new value '
»;‘do i=1,58.
1(1)—1
3 ,end do
“do 1—1 58
 do ]-—I+l 58 ,
1f(old value(1)<old value(l)) then
: -hold—old value(]) '
O -:'old_value(] )f-old_value(i)
" old_value(i)=hold -
o hold=lG)
AG)=GE)
o ..:1(1)—hold
end if
‘ 1f(new value(1)<new value(_|)) then o
‘hold=new value(l) Lo
b' new value(])-new value(l)
o new Value(l)—hold
end 1f
N end do
. end do :
do i=1,58 -
- doj =158 , . L
1f(l(|) eq. i) old value(l)—new _value(j)
end do ‘ '
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end do | '
open(um't=1§5 file="result.da ",sta;tus#"old")
write(15,*) old_value |
stop ' ] | |

End Program Assignment

1B |
|
|
|
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