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ABSTRACT

A priori,'one would expect individual responsiveness to.policy
variables to vary according to location in the urban area. The intent
of this thesis is tolexamine how popdlation elasticities vary écrdés
urban space, and the reasons for this'vgriation. This expected varia-
tion could be due to differences between choice environments facing
individuels, differences in observed preferences of those individuals;
or both. ‘

Any analysis to this end must involve a choice theory and a
corresponding aggregetion procedure which establishes a causal link from
~ the characteristics of ché&ss/%ettings and individuals' characteristics
. to specific observed gggregate béhavior. Summaries of aggregate reéponse
such as'elasticities,.must therefore be .sensitive to these factors. A
disaggregate Logit Model and a corresponding aggtegation procedure
developed by Westin [60] can achieve this result, although due to new
sampling requirements these procedures have not yet beeﬁ widely edopted
in city planning procedures in Canadé\

Disaggregate choice theory underlies the Logit Model which is
used in this analy51s An individual choice probability can be derlved
.which has a structure which links that probability to characteristics of
the individual an.his choice envirdnment' |
Observed aggregate behavior is the sum of the choices of the

' 1nd1v1duals in the population. Westin's aggregation procedure preserves

- thlS causality, and gives the further advantage of ailowing one. to

v
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separaté the model of individuai choice from the aggregation prbcedure.
The pQraméters of the model of individual choice ére;seen to be
paraﬁeferS'of observedlpreferences, which under certain conditions may
be sihilaf,§crdss individuals. The aggregatidn procedure accounts for
differences:in choice settings and translateiﬁEbeSe @ifferenceé to
differences in aggregate demand. . / |

f

If the parameters of observed preferenée. can be shown to be
~ . | .

stable across populations,_then»ﬁQtential exists fo%xborrowing these
: . \ , L ‘
results between populations. This '‘'is known as mpdel transferability,
4

and if successful provides significant information economies to policy

makers.

t

Theoretical and practical preconditions for successful transfer-
ability exist, and must be known to the policy maker before\models-can

be transferred. If these conditions hold, then predictioné can be made

\

about new areas using information borrowed from the models of individual

choice, and combined with new area specifié data*in the aggregation
. _

procedure for use in forecasting and elasticities for-policy predictions.
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= Chapter 1
- INTRODUCTION

This thesis investigates and analyzes individual behavior within
an urban economy, as these individuals engage in a specific type of
economic activity. The analysis concerns the establishment of a'iink
between £he structure of the individual decision-making processes and
specific observed behavior--both for the purposes of description and
ultimately to evaluate the effects of alternative public policies on

individual choices.

1.1 OUTLINE OF THE MAIN ISSUES_UNDERLYING THE ANALYSISp‘

~1.1.1 Traditional Analysis and the Notion of Continuity' .

Economic analysis of indivi@ugls nece$sarily includes a number
of assumptions regarding their willingness and ability to make choices.
1., Individuals are aware of their needs.

2. Individuals have a consistent motivation in the satisfaction of o
their wants--the maximizétion»of utility. This implies that
individuals'will'be faced with the problem of Pptimizing within
their environmental constfaints.

3. Individuals have knowledge of options available for the satisfaction
of a pq;ticular‘set of wants, aﬁd they are able to compare competing

alternatives. - d

;4. Individuals ére rational. They behave in accordance with a §ét of -

preferences which are fixed in the short rum. .

1
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5. D1fferent choice situations will explicitly 1nc1ude or excliﬂe\ he
state of uncertainty, either w1th respect to prices, or regardlng“//\\
the utility from the commodity consumed .

From assumptions such as these, demand analysis usually proceeds
to the determination of a specific. representation o% individual prefer-
nces and constraints, ultimately leading to the determination of a set
of optiﬂzging'rules for the consumer.

The form of the theoretical analysis of consumer demand can
follow varipus perspectives. However, consistent in most»theoretical‘
analyses of demand is the notion of continuity-—;oﬁsumers<making deei—
sions at the margiﬂ. Continuous adjustments in demand are made in
reaction to even very smal} price changes.

vAs demand analysis is a crucialiinpuf into marketing decision-
making processes, there has been a transition froﬁ,ain many cases, very
~elegant theory to models which can be practically applied to demand-
oriented economic_problems.  The assumption of continuity. has been
maintained in the transfer of the théory of demand to models intended .
for préetical appIicafion. Therefore (n51derab1e effort has been )
expended in the -search for prec1se form:\of demand relatlonshlps in
various consumer situations. This hass%mplled;the need for the enumera-
tion of relevant explanatory variables and an adequate representatien
of the form or manner in which they affect choices.

The‘p£actical problems associated with the empirical identificall
‘tion of demand relatibnships are numerous and well documented. The
nature of these problems has led many to a distrust or unpatlence w1th

the tradltlonal theoretical notion of the demand functlon. However,

Baumcl [ 3] Clearly reminds ub that within the context of traditional

too. %
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marginai analysis, there exists no better sﬁbstitute.1
For many, however, there has been a rejection of -these tradi-
tionai procedures’for certain types of analyses. This is in
recognition of an rtant class of aecision_which the traditional
analysis cannot address. Thesé are decisions related to choices between
discrete alternatives. This recognized inadequacy in the theory has
led to successful attempts to theoreticaily reanalyze the‘deterﬁinants
of these types of choices. : | f
| One area of demand‘modeling which Has helped initiate thigt
thearétical concern has been the examination of the household in an
\ﬁrbén area, where the application of marginal analysis to some types
of behavior is questionable.
| For instaﬂéé, the spatiai differentiation of goods and serviges
in an urban arealgives rise tb a derived demand for transportation.
Observed behavior in tfansportatioh-is’ghe result of alutilify maxi-
’mizing motivatioh,.but mény transpbrtation décisions are discrete
- choices. They should not be modeled‘by means consistent With only
traditional marginal analysis. : . . e
Recognition and concern regarding :the nature'ofbtranéfortation
choices has not always been reflected in transportation and urban
modeling}procedures; .Much of the modeling contained in urban trans-
portation plénning prqceduiés réfiecfs an orientag}on'toward the
description of observed aggregate flows of t{affic befween areas,. v
ignoring underlying discrete decisions at‘thellevel of the individugg.
These models have been used extensivei} to provide deﬁaﬁdjoriented g

information to transportation planners. But ironically their most

important ina&equacy is in their neglect to address the‘issues
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important to such analyses, such as the determinants and structure of
such decisions.

Increased research into the theories of consuher behavior to this
end has led to the rise of new forms of chdice theory {as opposed to
"demand".theory);- This theory links the structure.of the decision-
‘making process to specific observed behavior, and in doing soyrespects
the role of individuals as determinants of observed aggregate behavior‘
in the.economy. .

Disaggregate modeling repreaents a proceduf® in which the
eharacteriatics of individuals and commodities are conbined into a
proposed decision-making process, which then results in a particulaf
structure of a probability of taking a particular action. -The model
prov1des a causal link between the characterlstlcs of the 1nd1v1duals
the structure of the individual choice probabilities and (with appro-
priate aggregation procedures) observed aggregate market responses.

Denand elasticities are traditionally censidered to be summaries
of‘aggregate'demand responses. At the aggregate level, all chaices,
regardless of thelr structure, appear to be continuous. Traditional
}elast1c1t1es u51ng the notlon of a repreSeﬂtatlve consumer, are applled
to aggregate dat@i‘and are often applled w. :cut distinction being made
as to the sources of apparent aggregate adjustment in demand. There
exist, however, different scenarios, which appea~ at an aggregated
level to be identicalz--;anging from situations where all adjustnent
is continuous marginal adjustment to price changes, to.situations where
some of the change in consumption in a population is quantity adjustnent
by individualsl and part is commodit& sgdtching by others. At the other

extreme, all of the adjustments to a price change could be commodity

\
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switching.

¢ The application of traditional aggregated elasticities indis-
criminately td situations where they do not adequately reflect the
structure of the aggregate changes will result in a potential loss of
accuracy and information about that populatlon “

The disaggregate modeling procedure, by delaying aggregatlon

until after estimation of the model, allows for the redefinition of the
elastipityQ-leaving'it more sensiti&e to differences between individuals

and supply side characteristics wi erent populations. And

importantly, the structure of fhe 1nd1v1dual' choice'process is

inherent in'the structure of the elast1c1ty 1ncre351ng its consistency

with the situation of discr individual choices underlying observed

aggregate flows.
An elastic¢ity which is‘sensitive to_differe ces between

individuals and supply side characteristics can then be applied to a

variety of population subgroups without ¢ romising the individuality n

of those populations. This allows the e asticities to be potentially

more sensitive to specific modeliing contaxts required by different

(_;//IL addition to potentially‘more accﬁrafe aggregate analysis for '
discrete choice proglems another 1mportant purpose 1is served by dls-_
aggregate choice models. This is in terms of the 1nformat10n afforded
abdut the preferences and behavior Jf the individuals themselves.

As stated, traditional marginal analysis and disaggregate choice

mbdels differ in their respect oflthevindividuality of each consumer.

ir
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Traditional models imppse the similarity of consumers intd’tﬁe model
strﬂ;ture through the restrictive assumptiéns about the repreéentative
consumer required for certain aggregation procedures. Paradoxicaliy,
because of the aggregate nature of these models, the model results are

dependent upon the context in which the model is applled which pre-

‘cludes interpopulation application of results from that model which

assumes that 1nd1v1duals are 1dent1cal i }his has p;actical implications
in that the models must be applied separately to dlfferent populations,
and model results from one cannot be applied to any other than an
identical population. |

~ The disaggtegate approach differs on two accounts,

1. Only part 6f the preferences of individuals are theoretically

considered to be representative of other consumers. The theory
allows 4-portion of the individual's preferences to be personal
and identifiable oﬁly to that particular consumer.

2. A distinction can be made between what is theoretically assumed
regarding representative préferences aﬁd.what;is identifiable as
representativelfrom the’estimated modei. ~This is possible becauégp :
both the theoietiCal and the practical analyses take plécé at the
level of ;he individua1. | : |

If any portions of the representativeﬂpreferences are identifi-
able (or if the conditions are known under which this might be the

case), then this acquiréd Information cahAbe used to represent other

populations in forecasts and/or elasticities requiring this information.

By allowing for the 1nd1v1duallty of ‘the consumer, a model is |

derlved WLlCh potentlally ylelds 1nformat10n which can be used to

-
describe aspects of other 1nd1V1duals or_??bulatlons.' In contrast,



traditional models incorporate the assumption of represent251veness but

cannot yield information to turn this assumptlon into practice

1.2 THE ISSUES TO BE EXAMINED

One intuitively expects different types of bghavior from differ-
ent groups of individuals who'live in a heterogeneous urban area. The
étructure of elasticities derived from di#aggregate theory confirms
that at least some portion of the population'differences will be
capfured in those aggregate measures.

Conceptually, populatiqn can be differentiated on the basis of
almqst any criteria. For a pélicy maker it is'logical.to do so on the
_basis of planning related variables. Ié may be expedient in
" some céses to differentiate populations spatially, so that some insight
can be gained into the efficiency of using city-wide policy. A major
premise of the thesis, theh, is that measures of resp@ﬁsiveﬁess to
tfansportation variables--the éggregate elasticities-~-will vary as one
" moves across u;ban.space. | ”

The analysis will attémpt to examine why this isA
so. This will be accomplished through examination of the cohponents of
the aggregat? elasticities to see which components vary systematlcally
across spatially dlfferentlated populations. For instance, the_.
observable preferences-of individuals might be:the.same but the
elast1c1t1es might differ because of dlfferences in the parameters of
the dlstrlbutlons of characteristics which are also included in the
elast1c1ty measures. However, the elast1c1t1eslm1ght differ because of
differences in both the preferencés of ihdividuals as measured and

‘differences in %he distributions of characteristics of the population .



and the alternatives offered.

If the first of these two situations results, then the model may
‘have identified the repreSentative portion of utility, which is

s

theofetically assumed.’ This will have desirable implications for
policy makers wishing to economize in forecasting between populations,
or.Qhoée wishing t:Q;ﬁply the disaggregate procedurés where no specific
disaggregate data set for the populatién is available..

~ If thé second case resﬁlps, then every population would have to
be modeled separately because as far as could be identifiéd inlthe model
their preferences wou1d~aharé little in common with other. populations. S,

o . . :
In this case less optimistic results are implied for policy hakers

trying to economize in prediction methodology.

1.3 OVERVIEW OF THE ANALYSIS

The analysis will be done by:  °
- 1) Es;imatibg the logit model for an entire urban area and calculating
‘aggregate elasticities for the area on the basis of these results.
2) The logit model will be estimated separately on each'subpopulaii;;§§
and aggregate eiasticitiéé calculated for each one, usingvparaméterg
of preférencés‘and characéeristics distributions from gach corre-
sponding model. These will be compared to the elasticity iﬁ 1)
above. | | |
3) Aggregate elasticities will be calculated for‘spatially-differen- 3
tiafed subpopulations using parameters of preferences borrowed from _'
 the city-wide model and distributional information specific to the
pophlation subgroups. These will be compared to each other and

the elasticities in 1) and 2) above.
4 ! ‘



4) New probability distributions for each subarea will be generated,

5)

area.

where each individual will be ascribed a hypothetical choice
probability generated from coefficients borrowed from other models.
These new probabilities will then provide the basis for new
elasticities. These generated measures embodying transferred

results will be compared to the actual probabilities in each sub-
. ) o

'

In addition, a brief comparison will be made as to any differences

in transferability of aggredate results (i.e., the similarities of

X k>4
‘the elasticities) as opposed to similarity of the model parameters

(Eoefficients) reflecting the representative preferences. Much of -
the existing 1iterature regirding tiansferability uses similarity ;
of the model parameters as the criterion for successful model

transferability. However,‘the use of model results is for éggregate

prediction, and there may be some room for reinterpretation of how

good ''transferability" should be measured.

1.4 CHAPTER SUMMARY

In Chapter 2 of this thesis, the disaggregate model will be

theoretically described. The assumpfiqns underlying the theory will be

presented, and issues and implications arising from the procedure will

~be discussed. The specific form of the ﬁodel derived will be the

Logit Model."

In Chapter 3 the implications of the Logit Model will be dis-

cussed in terms of aggregate behavior. Some of the issues with respect
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be identified, and the siructure of the aggregate elasticities which
will be used will be derived.

The structure of the aggregate measures to be employed will be
seen to include parameters of the potentially identifiable representa-
tive portions of utility. This chapter will also include a discussion
of the issues related to transferability~~the'%5e of model results about
Qge population in the representation of another populgtion. The coﬁdi-
tions under which the representatiye\portioﬁs of utility can be
identified will be discussed- This will provide information towards
ﬁotential justification for the transfer of information about one
| population for use in forecasts or elasficities descfibing another.

The various issues related to the spetifiéatiqn of - the repre- .
sentative ‘components of utility will be discussed in Chapter 4. This N
chapter will serve as the reference for ghe actual selection of
vafiables for the model.

| Specifically the Logit Model will be applied to the problem of
choice of mode for prban.work trips, and will be épplied to data -
" collected for the City of Ottawa. Chapter 5 will include discussion
of thei}ssues related to the data set and the estimation procedure.

This chapter will also contain the empirical application of the model .

to the choice of mode for urban work trips, with a presentation of model

‘results; and elasticities for the City of Ottawa and its subpdpulations.
\ , :
Summaries and conclusions will be presented in Chapter 6, '

10
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apter 1

1Baumol [3), p. 227.

i . ° : T 1

*This is also a theme expressed by Novshek and Sonnenschein [38]
in their discuss{pn of a new structure for aggregate elasticities.

*This mean$ that this portion of their utility function is the

same, even if their utility level is different.

“The type\of model will be seen to be defined in terms of a
specific deriveq form of decision probabilities.

]

11



Chaptg; 2

H

THE THEORY OF INDIVIDUAL CHOICE

. .
- Economic theory is essential irfput to the provision of sound

guidelines for solutions to problem; associated with policy decisions

in the economy,’ Increased interest in microeconomic problems has
placed pressure on the ability of microeconomic modeling to adequateiy
reflect the structufe of particular microeconoﬁic decisions. This has
led many to question the applicability of tfad;tional demand theory to
help solve contemporary microeconomic problems.’

The present status of traditional theorysis well described by

James Heckman: ° e S

As economists attempt to make greater use of their theory to
sc.ve such practical problems as estimating'the demand for new
modes ~f travel, and ascertaining the determinants of the labor
~supply of women, the analytical fiction of the representative
consumer and its. economic analogue, the classical regression
model, have been less useful. ‘

Increasingly, economists have come to realize that choices
at the extensive margin (discrete choices) are just as interest-
ing and often of greater empirical importance than the analysis

- of choice at the intensive margin that is treated in the tradi-
tional analysis. . ’ ' ' .

Because the source of sampling variations critically affects
the formulation of many models of discrete choice, the tradi-
tional schizophrenia of Marshallian Econometrics that separates
the formulation of an economic model for a typical individual

. from its stochastic specification is absent from many of the
best papers in the literature.! -

Disaggregate behavioral demand\modeling is an attémpt,to resolve

this inadequacy of traditional demand theqry‘tb represent the structure
“of a very impoftant class of choices--those whiéhyare discretg (mdre

~ formally known as ""quantal re§poﬁse”) and which marginal .analysis cannot

12
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expfain.2 These are éhoiceé where the consumer makes 'all or nothing"
decisions on the basis of total willingness to pay for a good, as
opposed to decisions relating to how much of a commodity to consume,
which traditionally relates to marginal expenditures.®

The disaggregate approach, which has been somewhat rzﬂolutionary-

in demand analysis in the direct treatment of this phenomencn, has been

successfully applied to such aspects of choice as . urban travel demand,
college selection, voting behavior, migration, the demand for consumer

durables, and occupational choice.”

2.1 INTRODUCTION TO THE DISAGGREGATE METHODOLOGY

In this analysis, the demand. for new ang existing commodit%es is
examined in terms of the utility over jointly-consumed éharacteristiES,
rather than in terms of the‘utility of the good itself.’ It is
. hypothesiied that if ar individual is given an bppnrtunity to choose
from.a.set of characteristics collections, the individual Qill choose
that' collection which maxhni;es his utility. .Sincq the characteristics
are offered to the éonsumer in a finite nuﬁber of bundles, diséontinuous
choices between commoditiés in different choice settings will be
observed. It is_thé role of policy to systematically affect the
_ thresholds of imdividuals céusihg substitution between alternatives
in ordé%wto appreciably affect their behavior as a group.. This could
be acéomplished;‘for instance, by signifiéantly changing the costs of
bbtainiﬁg a particular set of charatferisticé of with the introduction’
of new bundles of the same types of characteristics.

Dlsaggregate ch01ce models .are c1a551f1ed as .behavioral models

in that they are. con51stent‘w1th aspects of both psychological theories
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of choice behavior.and the economic theory of consumer behavior. From
the resultiﬁé modei structure, a causal relationship between a particu-
lar choice environment and the consistent choices of individuals will
be démonstrated. | |

The probability of choosing a particular alternative is related
to an individual's.consideration of his choice environment where that
consideration is influenced by his own personal characteristics.
" Specification of a utility ‘function to this end must take into account

characteristict of the commodity in question and the characteristics of -

the individual,
u_:,? = czj','s*[a]) 2.1) -

a ., o . e : A0 L
where Uj is the utility function of individual a over the jth alterna-
tive, Zj is a vector of attributes describing the alternative, and
s*[é] is a vector of socioeconomic characteristics of individual a.

Different levels of utility exist for different prdereﬁ pairs of -

. ] -

vectors of socioeconomic attributes and attribute, vectors of
) ' f T

LY
a, -

~

alternatives.

2.2 THE PSYCHOLOGICAL APPROACH TO CHOICE: A BRIEF SUMMARY®
Psychological approaches to choice theory assume that choices

are probabilistic and are based upon an evaluation of utility. It is

assumed in particular that there is a'direct correlation between the

probability of a choice and the utility it gives to the individual. It

follows from this that a ratio of the probabilitj




P (z,,5*a])

= (z ,s [a

_P_1= L 2 , (2.2)
= (z,,s"[a]) ‘

(et
|

~
[y
[

-where PI,P; are-the probabilities of selecting alternatives 1 and 2
respectively. - v

| The literathre addressing this approach to the anaiysis of
.1nd1V1dua1 choice empha51zes that the choices are therefore based on .
relatlvg utility asSessment and that this becomes a maJor behav1ora1
.assumptlon about the individual choice process Perhaps it is better
stated that the above asserts that relative utility completely charac—
terizes the ratios- of the probabilities of taking alternatlves which

would be, in a sense observable. ° Therefore, the 1mp11c1t assumptlon

-

of the approach is that ut111ty is exact-and measurable

2.3 INTRODUCTION TO THE ECONOMIC APPROACH
' The ecohoﬁic modeling of these choices differs from the.

psyChdldgical model on severa% of the aforementioned points. e

1. The economic approach more distinctly emphasizes utility maiimiza—.‘
tithéS a major hehavioral motivation of the_individual. If the
individuai maximizes the level of wants satisfaction, and if the
59cioegonomic status of the individual is -given, then this wili be
ac;omplishéd through the selection of alternatives which haximize
U( s*[a]) J=1,...,d.

2. Mbre 1mg?rtantly, the economlc approach through the émpha51s on
,ordlnal rather than cardlnal utility leads one to question the
adequacy of ut111ty spec1f1cat10n (2.1) in reflectlng the nature of

1nd1v1dual ut111ty and choices.

v/
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We observe variatioh in choices over homogeneous groups of
in&ividuéls. PAS the measurable and exact utility of the psychologists
should reflect common choices for homogeneous populatibns,'fhey must
~ attribute this (often substantlal) variation to imperfections in the
perceptions of individuals of thelr choice situations.. Economists
prefer to modify the analysis to explicitly model unobserved differences
between individuals in otherwise homogeneous groups,vthefeby giving
theoretical interpretationﬁto observed variations in aggregate demand. *°

The utility s?géificationfis modified to:

i

At e iy e
U?. = U(xj,xj,s[a 1,s"[a’D) g (2.3)

where xj réﬁresents a vector of observable aﬁd_measurable éttributes of
alternative j, x; represents an dnobservable vector of characteristics
of alternativgs (which are, however, perceived by fhe individual),

s[ai] represents the vector of observable sqcioecondmic'chéracterisgiff/
‘of individhals in group i, and s'[ai] represents a Veétor‘of immeasur-
able characterlstlcs affecting the 1nd1v1dua1 s tastes. '

This more desirable spec1f1cat10n reflects that the ut111ty of
the individual cannot be completely determined from observable data on
socioeconomic charactefistics of individuals and attributes of
alternatives. Observed variations in preferences must be attrlbuted to
the unobserved characteristics which affect tastes. For that reason,
;he'utiiity over any set of giveﬁ observable chéracteristics,wil; vary
| bétwéen individuals (of even theé same socioeconomic group) in a stochas-
- tic manﬁe;g_ This model is formally known as,thg Random Utility Model

kN

as opposéﬁ to the Striet Utility Model asserted in. the psyéhological,

’
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approach.

A generalized random utility U for the 1nd1v1duals in a popula-
‘tion can be specified. Of course, any attempts to group individuals on
the basis of their choices will be imperfect because of the effett of
unobserved chafacteristics; Therefore, aesume the Random Utility to ae

additive in two components.

\

. U(xj',s[li]) - Ux, ,s[28D)
U? = U(xj,s[ai]D + s(xg,s'[ai]) ‘ (2.4)
scx;%s'[li]) v ecxg,s'[zi])

i
where Ua is the random utlllty of an individual in the 1th group,

U(x s[a 1) is observable and nonstochastic, and where U is measurable ’
utility representatlve of the population. The value of the utility to
- the individual depends uboﬁ the values of xj and s[ai]; s(xg,s'Pai])
is a stochastic portion of utility, where e will be random even within
homogeneous population subgreups. } ' |
| It should be noted that althoﬁgh the utility is referred toas i
a Raﬁdoi Utility, all of the above afgﬁments are known td the individual,,
and that theré is nothing "fandom”Aabout'his own particular choice ever
alterdatives. |

The economic approach above leads to potentfally superior dtility |
' specification;than the Strict Utility Model, and also we are able to
_ appreeiate at'this point Heckman's objections to the assumptions
~ inherent in tradifional continuous economic demand mOdelihg Tradi-
t10na1 theory assumes a constant taste structure in the populatlon and

that observed demand is dlstrlbuted randomly about a -common representa—

tive value. All systematic variations in demand must be interpreted as



-

cdﬁmon changes at the margin. This precludes recognition that the
random elements of tastes cause distributions of choices throughouf'the
populatlon, and that these must be explicitly accounted for in any
explanatlon of observed discrete choices.:

If we postulate that an.individual chooses between alternatives

50 as to maximize utility, 'then
a a ) . . ’
P, = Prob[U —>TU,] j=2,...,d o (2.5)

a . vy ’ L . ' :
where P is the probability that‘alternat{EF "1" is selected by
individual "a",‘and U?;U? are random utilities associated with the
alternatives.

Substituting from (2.4):

BS = Prob[Ux,,slal) + e(x],s [al) >'U('xj,s[a1)'+' e(x],s"[a)] (2.6)

j =200,
whigh can.be\rewritten-as
;o . - T ‘ .
- L ‘ /ﬁ
= [e(xJ?,S’[a]) - e(x,s"[a]) < Ulx_,s[al) - U(xj,S[a])] (2.7
| iE2,..,7

The stochastlc elements of ut111ty favorlng alternatlves J = 2,000

are compared to the observatie (measurable) elements of utlllty -favoring

j =1, which could be considbred a constant @ = [U(xl,s[a]) U(x s[a])]

kg

A cumilative dlstrlbutlon functlon F(a) can ‘be descrlbed for
the stochastic portion of utility: . .
. f

E(a) = Prob[e(xj',s'[a]) - e(x;;é’[a]) < af, . N )

[
[\
-

)
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From this a probability;density function can be derived which,'uhder
certain aésumptions; will lead to a particular structure of the
probahilitylof selecting a partichlar alternative j.

To this point, discuseion has emphasized’the individual. How-
ever, it should be noted that these probabilities will really represent
frequency ratios of choices over particular alternatives for the
population. 'For'instance; if ohe»suppdseé a homogeneoﬁs group i and
then further recordg‘the choices of each member over'perhats two
alternatives,.theh one will have obtained the frequencies of choices
faroring alternative§ 1 and 2. If the.individual is chosen at random
from this group, the selective probability aeécribed above is the
’probabilityrthat the individual will be a member of one of the‘
designated groups. Therefore, as emphaéized in eqdation (2.8), ét i8
. the.distribution of the unobservable characteristics which determines

4

the probabtlzty that a certain individual will choése a given

’aZternatzve

2.4 DERIVATION OF THE LOGIT NDDEL’ o o

o

' The derivat}on of a particularlstructure4for the individual
selection probabilities from (2.8) requires that a plausible distribu- T?
, tion be postulated for thefstochastic elezeht§ ?f'utility. . Several
»distributions cah be as%umed eachione yielding a different distribution
of probab111t1es for- the‘populatlon and therefore a dlfferent structure )
‘.‘for the selectlon probab111t1es of the 1nd1v1dua1
One dlstrlbutlon often proposed for thlS purpose is the Welbull

13

dlstrlbutlon The_welbull dlstrlbutlon is similar to the normal

41str1but10n except that it is skewed slightly to the right. As it is .
v - _



" not a particularly exetic distribution, the grounds justifying .its use
.vare basically in terms of computational convenience. It is attractive
because of computation properties which seem to be consistent with some
of thevunderlying processes implied in the model to. this point.

One of these essumptions is that individuals make choices on the
basis of the maxhﬁization of utility. The Weibull distribution is <
known to be stable under the process of max1mlzat10n-—that is to say
that the Value of utility under the process of maximization i$ known to
be a random variable of a similar .class as the variables over whichcthe
operation took place. =~ _ _ | -"o

Another_assumption is reflected in the form of the cumulative
distribution function of (2.8). The distribution function has been
expressed such that the random variable in question is the difference
between the stochastic _components of the. random utilities of the
alernatives fac1ng the individual. . The difference between two Welbull
- distribution random variables is a logistic distributed random
‘Varlable. 1h Therefore the distrlbutlon function (2.8) suggests that
in the derlvatlon of the ‘choice probabilitles for the individual, there
will be a transformation from Weibull distributed random components of
utility to logistic distributed probabilities over the same alternatives.
- This transformation is reflected in the structure of the final chpice »
: probability‘fbr the individual The probability of a particular chbicef
will relate ‘to the cumulat1Ve distribution functlon of the logistic
. distrlbution Fla) = 1/1+™%. |

The definition of the Weibull distribution is

—p 15

Proble.’ < w] = e ¢ . (2.9)



Definingvthe Weibull distribution for the stochastic elements of utility

yields the solutlon above as follows

let o, = [Ux,,sla]) - U(xz,s[a])]

Let w, = probabilistic value of error for e(x ,s"[a])
mj probablllstlc value of error for e(x ,S [a]), j= ...,g,
where e(x ,s_ia]) and s(x 3S” [a]) are related to wl,mJ through the
relation e ¢

-Simplifying the pfoblem to a choice between only two alternatives:'®

. 1 2 1, ~e -e
I % 9 dw d‘w2

ey

p =-————-—(1) == SRt

21
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o L
* The choice probability in the multiple choice situation follows

from (2.8) by redefining the Weibull distribution for the multinomial

case.
J 17
-Ye™
Prob[e; <u] = e = s (2.12)
/ J -w.+a
e ~Je 1°
Py = [ el o
+0
J
vo  Zu () e%
= I ewe® I g,
-0 )
4o
= I e ® Y e % dw
- =l
1 o |
Pj.' = - : . (2.13)
. zg e
j=1

If o = U(xl,s{a])-?U(xj,s{a]), then for a particular alternative

in a multiple choice situation

U(x1,8[a]5_'
e
e

PR ; Tt (2.14)
. j=1 /
o D /

/

~ For siﬁplicity and later reference,Jrewrité a = Ulx,,sla]) - U(xj,s[a])
-as G(x) to reflect the combinations of observable variables influencing
observed choices. Therefore, in the binary case, ¥

Slsine

B S T
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2
p =1 (2.15)
1 , 1+e‘G (x5 _ \_,,_)
and in the multinoﬁial case, e ‘ e a‘
| | »,
[
eG(x)' '
“ P1 =" . (2.16)
. G(x) '
Poen
=1, ‘

\72«5' IMPLICATIONS OF THE bERIVED MODEL STRUCTURE

2.5.1 The Cumulative Distribution Function

The relationships between the cumﬁlative probability of a
particular choice and the associated set of explanatory variables G(x)

can be depicted as a sigmoid,curve.18
p

]

1

<

\ -G(x)

+G(x) o’
Eig:~2.1 The cumulativé logistic function.
For any obserféd value of G(x) the associated probabilit& is the
frequency wiﬁﬁ which’the,individuals in a population will choose
alternative j. In terms of the individual, it is the probability that

he would have been in a group choosing alternative j.

0.4 ::
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1. The pfbbability of choosing a particular alternative increases as
. the observed value of G(x) increases. |
2. The probability increases faster as the values of G(x) increase
through values around zero, i.e., if the alternatives are quite
simiiar\with respect to observed attributes éouthat differegces in
utility levels over 6bserve& attributes apprdach zero. If groups
are observed with either high pdsitite or - 1dw negative values of |
G(x), then it 1is poasible to predict reasonably accurately the
choice prosability for that group éven without precise measurehent
of the values of G(x). For individuals with values of G(x) close
to zero, it is more difficult to predict accurately a particular
probability ot an action, as the cumulative prabaﬁilitf changas
more significantly for even small changes in the_values of Gtx).19
3. ‘%ig. 2.1 emphasizes that it is the probability of a choite over a
particular alternative which is the object of analysis, and that B
this.ﬁrobability is necessarily restricted to a 0-1 range. There-.
fore the logit transformatien has served to transform even extremé

values of explanatory variables to the 0- 1 range

2.5.2 The Axiom of the'Indépendence of Irrelevant Alternatives

The multinomial°generalizatipn of the ﬁodel~is

‘ U(xy,slal) . " o
. _ e = 2’,j?§J; (2.17)

T UG s[a]) ’ )
Pe T

~

'Within this structure the odds of a choice between two alternatives
l‘r'

within a multiple ch01ce situation are derived through division.

Three observations can be made about this probability distribution:

24
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e p Ux,,afa]) ’ - T,

- P e | . ,
?: - U(xz,s[a]) . . (2'18).
e

Although we derive this reSult-through a model based on the premise of
Random Utility, the result;of (2.18) is identrcal in structure to (2.2),
which wis asserted in the Strict Utility Model.' ’

Both (2.18) and (2.2) imply that the existerice of amy third =~ *
alternative has no effect on. the ratios of the probabilities of choosing

4

two given alternatives. The probablllstlc ranklng of alternat1ves
implies that the Ax1om of the Independence of Irrelevanthlternatlves
is satlsfred. The Axiom states that if any two' alternat;#éé are avail-
able, and a third'alternative‘is introduced the ratios of the original-
probabilitieS'will be preserved.. In both (2 18) and (2 2) the ratlos '
of the probabilities for j.= 1,2 are 1ndegendent of the ex1stence ogj B
‘any third alternative.

One nmpllcatlon of the Axiom i3 that the 1ntroduct10n of new
alternatlves will reduce the probablllty of - selectlng each of the
;prev1ous alternatlves by the same relative amount, thus preserv1ng the
- ratio.of the orrglnal probab111t1es. ‘In the aggregate thlS xmpllesA:
that the cross elasticities of the market shares of the ex1st1ng |
.alternatlves with respect to the-introduction ‘of new alternatlves must'
be equal ? and that the share of the market going to the new”alterna-

tive results in an equal percentage reductlon in the market shares of

each of the exlstlng two alternatives.?”

The 1mp11cat10n of the Axiom of the Independence of Irrelevant
Alternatlves is subJect to controversy The psychologlcal approach
asserts that it is a major characterlstlc of the choice of the
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individual. This might be seen in certain modeling situations to be an

unreasonable assumption. '

In the Random Utiiity Nbdel; the Structure of the'model giving
rise to the Axiom was der}ved through assumptions repreeented“in (2.5)
and (2.8), and the Weibull distribution for the stochastic element of
utility. Some restrlctlons tmplylng the validity of\the model were
1mp11c1t in the derlvathn These restrictions are tantamount to
requiring that only relevant alternatlves to, the individual be spec1f1ed

w1th1n the model and that the attrlbutes of'those alternatlves be care-

fully and properly specified. This would, of course, be desirable for

x

any modeling procedure, and therefore does not necegsarily unduly
jeobardize the range of the applicability of this procedure. At the
very least, adherenee to-the restrictions implied in the derivation of

the modeI’ensurlng thefvalldlty of the Axiom, controls the potentlal

misapplication of the’ model. L N o a

uOne of the. restrlctlons was 1ntroduced in (2.4) with the requlre-

‘)

ment that x # xJ——the stochastlc component of the ‘random” utlllty

x

'cannot depend on the same attrlbufes of dlternatives as the nonstochas-

E

tic portion of that ut111ty Wlthout this restriction we might observe
from: the ana1y51s that consumers have substantlally dlfferent valuatlons

of observed attrlbutes but that this would be due also to reasons

.

relateduto unobserved tastes. 25 This could arise 1f the values of

bbserved:attributes'were dependent upon other choices made by  that

o

;individual For 1nstance the 1nd1v1dua1 makes choices which relate to
1
the ch01ce settlng, thereby 1nd1rect1y determlnlng his own alternatlves

The 1nd1v1dua1 makes a - ch01ce unrelated to the d1rect choice between

. two alternatlves but that decision Indlrectly 1nf1uences the observed

A

o

]
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choices between the alternatives in question.  All of the choices
would be Encorreétly attributed to the value of the observed attributes

of the alternatives. The result would be inaccurate calculations of

. elasticities between the probablllty of a particular choice and changes

o

v

(‘"1 e
in the values of observed attrlbutes. '

Correlation between observed and unobserved attributes could also -

result from con51derat10ns related to the supply side of alternatlves.,
For example the ex1stence of certain observed characteristics may
induce competltlon from the producer of a competing alternative, but-
the terms of the competition may be to gain advantage in terms of
unobserved attributes. Clearly, in this cese; the existence of
lmobserved “attributes is related to the existence of certain observed
‘characterlstlcs | . ) ‘

In both examples outlined above,\the selectlon of a particular
alternatlve_cannot be separated from the exlstence of what mlght_seem

to be, relevant substitutes--as they are not offered to consumers as

independent alternatives--the result being that the Axiom will be

_ violated and the model results would not be valid for that

situation. -

s

R The Axiom will also be violated if there is correlation between .
unobserved attributes across alternatlves ‘Therefore, x’ # xg,

j ='2,.. J, for the same 1nd1v1dual The - attrlbutes must be clearly

alternatlve spec1f1c varlables. Complylng w1th thls restrlctlon ensures

that ‘alternatives are relevant and correctly spec1f1ed. This def1n1t1bn
of a relevant alternative is not resfricted in the Strict Utility Model.

The-resﬁlt might be that two alternatives which are perceived by the

.individual to be Wegr or perfect substitutes are treated in the model
: % pe ;

1
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as if they were distinct‘altérnatives. In this case, the predictions
of the model would be questlonable
If, in a discrete choice problem, the above condltlons are met,

then the model would.llkely be su1ted to the.problem. All systematlc
effects would have been identified as observed attfibutes,'and the
stoch;st}c éiements of utility would in fact be random. (Failure to
correctly identify the observed 4ttributes wgﬁ;d result also in a
éiqlationqof the A#iom,) | )

. Skeﬁticism arises régarding‘the validity and applicabilitf of-
. the Multigomial Logit Model due to the inherent assumption of the Axiom
and the ease with which this Axiom can be violated.j waeyef, the
conditions ensuring the wvalidity of the Axiom are not unlike phe gondi—

‘tions one wouid require for any well-specified model.28

A\

2.5.3 Llnearlty of the Characterlstlcs of Alternatives

| ‘The derlvatlon of the 10g1t model assumed the ut111ty functlon
‘to‘be 11near in the exponent. The fbrm of the choice probability in
the blnary model implies that consumers compare ut111ty differences,

and that ‘these dlfferences are. linear functlons of absolute differences
“in characteristics. McFadden [ 9] suggests that the specifications of
" the attributés can be complex transformations of the differences in
<aftribUtes bet;veen.alternativgs.29 The need for this would'#ary |
according to the tybe of choice being modeléd., | ¢

o It must be noted that iinearity in the exponent functionfapplieé

~only to ‘the attfibutés of alternatives; and does nof'apply to the

socioeconomic characteristics of the individual. If’socioeconoqic o

; characteristics aré'included,additivelyvin the-htility function, then

+
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they would disappear from the definition of the choice probabilities,
“as their values of the socioeconomic variables wouldvbe constéﬁt
between alternatives.3° ' '
There‘atsiseveral ways of dealing practically with this
oblem.al‘ However, it is not unreasonable to sﬁggést at this point
- .

that socioeconomic characteristics do not necessarily affect choices
‘édditively, but instead interact in the valuation of the attributes of

the 71ternatives beiﬁé considered.

2.6 APPLICA&ION OF THE LOGIT MODEL TO THE TﬁANSPORTATION QUESTIONT'
o This thesis is épecificaily concerned with fhe application of
the logit model to the analysis of fransportation qﬁestigﬁ_and, in .
particular, questions related to the.choice of mode for urban erkb

trips.

2.6.1 The Need for Disaggregate Modeling in Transportation

Due to the urgency of urban transportagion problems and the
budget constraints facing urban goVernmenté, fhe'fdllowing needs must
be recognized: o ‘ |
1. Sensible and efficient policy to affect the b‘eﬂaviof of individuals

' in‘exiéting transportation Systems; “
2. The ability to predict accurately the results of changes in trans-
 portat1on systems because of thelr effects on these choiges.

USeful analy51s requires accurate predlctlons of responses to
particular policy variables in 51tuat10ns where choices at the»1nd1v1df

ual level are discrete. This would suggest that these types

. of problems are amenable to dlsaggregate modellng Wé have in fact

",observed an 1ncrease in the use of dlsaggregate modellng in

.29
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transportatidggin response to this need for prescriptive analysis, and

. many of the gains in this modeling technique have been achieved through

their appllcatldn to transportation problems.

: : o
The problems outlined in section 2.1 and Chapter 1 apply

to the transportation'case. To the planner, the importance of individ{

ual transportation decisions has been somewhat obscured by the more

' obviqus aggregate traffic flows, and it has been this concentration by
'transport planners in the behavior in observed groupS'of travellers

. which has diverted attentionmfrom the level of the individual. As a

result, traditional aggregate transportation models are incapable of

. a . ’
examing the behavioral motivation behind transportation choices. These

_traditional models remain largely correlative with respect to observed °

traffic'flows.and characteristicsnof'areas where these flows exist.’?
They cannot explain the relationship ‘between those flows to potent1a1 '
changes in the character1st1cs of the system..

In order to achieve this a causal linkage,betmeen‘the character-
1st1cs of the system.and the motlvatlon for the ch01ces must be modeled.

This is the achievement of disaggregate modellng procedures over

. previous aggregate approaches. }In addition, correlative studies of

(=Y

- flows between areas are necessarily restricted to use in those areas

actually used in‘the model, thereby reducing the general applicability

of the results.’’. Disaggregate models, by concentrating on behaVioral

motivation, may yield results which are transferabple between urban

areas, or perhaps even through time.

, 2 6.2 Spec1f1c Transportation: Demand Con51derat10ns

The demand fbr travel is a derlved demand generated by the need

30
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- for accessibility to activities diffused over urhan space. The decision
to travel must be considered as a component of a larger overall communif
cations system, where, given certain states of technology even the
decision not to travel is a viable alterﬁative facing the indiridual.

If the decision to travel is made, it is the'simoltaneous décision,of
route, timing, frequency-and.mode. Any one or a combination of these
variables can be'considered as substitutes for any of the other
variables. vTherefore, for an analysis of the overall travel decision,

" the choice set is‘not clearly defined. However, as is the case with

any demand situation, \the simultaneous estlmatlon of ch01ces from all .
"available substltutes would be a complex problem, and also behav1orally '
would imply unreallstlcally broad perceptions on the part of the
individual. The number of variables in the'model'cannot exceed the
linits of human discrimination. ‘

By modellng urban travel demand the problem is somewhat 51mp11--
ifled as 1n the short run many of the travel choices are demographlcally
o detenmlned,.thereby leaving fewericomponents,of the choite to the. .

‘discretion of the individual. This is'especially true of the analysis L
" of the relatively fixed travel patterns of the urban work tr1p " In |
the short run; the maJor d15cret1onary ch01ce left to the 1nd1v1dual is
'hthat of mode choice.’’ The p01nt of or1g1n, destlnatloms/fyequency ahd
time of travel are,predeternuned by virtue of trip purpose ,»leaving the
choice set more clearly defined; Also, the repetltiveinature of the
tr1p helps to ensure that ‘the individual has well-developed percept1ons
of the values of relevant varlables determlnlng that individual's

/

-ch01ces

The choice probabllltles derived above can legltlmately represent
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~ the probability of faking a'certain action within the overall decision
to travel. These choice.probabilities woﬁld‘be difficult.to estimate
if‘thevattributes’of relevant alternatives were to include variables
representing all of the components of the transportation choice process.
F'In the case of a binary cﬁbice, the comparative mechanism is ln terms
of the‘differences between‘thelutility levels of different alterhatives.'
Theivalues of the attributes representing,ether components of the travel
‘decision will be ‘the same for the two alternatives and will the Ais-
. appear frqm the specificatlon. The. choice probabilities will then be
detenhined in.tenms'of the differences between objective attributes of
the alternatlves themselves » |

The mult1nomlal model also lends 1tself to the estlmatlon of a
‘choice probabilities for a subcomponent of the_demand,process. The
structure of‘the.multlnomial choice probability does ﬁdt restrict

TN

algebralcally the attrlbutes to those W 'ch dlffer between alternatxves

All relevant alternatives, such as mode 1me of day, route, etc. , can

- be. potentlally 1nc1uded in the denominatoer ‘ef the “choice probablllty
However, the Axiom of the Independence. of Irrelevant Alternatlves
1solates the components of the travel decision;‘.The probabilitv of
ch0051ng a mode w1th1n a partlcular choice setting is 1ndependent of
other optlons w1th1n the ch01ce settlng as alternatives.

One mlght consider the probability of a choice such as mode .

choice as a conditional probability,
Pj = ProbOn/t,f,d,...)_ (2.19)_

where*m = mode, t = tlmeﬂéf day, f = frequency, and d = dest1nat10n. 4



Satisfaction of the Axiom would imply that the conditional probability

is realiy a marginal probability,

p;.‘ = Prob(m) = Prob(m/t,£,d,...) L @2.20)

)

thereby justifyihg the modeling of a portion of the overall decision

to travel. C m
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Chapter 2
FOOINOTES K

1 , ’
J. Heckman [16], p. 1.

2 . - . .
For a complete discussion of quantal response and extensive

" bibliography, refer to D. McFadden [31]. In particular, McFadden
. defined quantal choice as "'an act that leads to various outcomes which

-can be indexed by finite or countable sets, where an individual is
placed in one of N possible choice settlngs and with each choice

setting eliciting one of several responses from the subject.' He

further outlines that the response can be depicted as a drawing from a )

multinomial distribution of outcomes, each outcome having an 'observ-
able" choice probability. These probab111t1es are observable in the
sense that it is possible to observe different frequency dlstrlbutlons
of choices as the ch01ce settlng is- repeated

’That a choice settlng is discrete is usually-the result &f the

‘technology of consumption (marginal adjustments in quantity are infeas-

o g

One can rewrite (2.2) as

able) but can al%o be observed in consumptlon situations even when
marglnal adjustments can be made. : ,

“Refer to D. McFadden [9] [31] for a survey and b1b110graphy of
this research

5Th15 is similar to the approach 1n1t1a11y outlined by K
Lancaster [25]

,//

6Thexbasms of this-approach are contained-in Luce [26], Luce

a;aqf Raiffa [27] and Stopher and Meyburg [50].

7The structure of choice probabllltles for the individual for
tme mode can be derived from thlS If U(z ,S *[a]) is spec1f1ed as

U(ZJ’s[a]) which is linear in the characterlstlcs z, then a logarlth—-

mic relatlon in the operational model will result between the set of
explanatory Varlables of alternatives and the selection probabilities.

-

log P, = U(z, - -
og P, (zJ,s [a]) o

AN

. - U(z,,s[a])
p P

, o S
‘,_ : : .PTZ . eUzzz,s['al])

so that
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U(zl,s [a])
1o U(zl,s [a]) | U(z,,s*[a])

and :
QU(z,,8%[al)

2 * U(zl,s*[al) U(zz,s*[a]) ’

If the fUnctlons are 11near with respect to the characteristics, then
by dividing by U(z,,s [a]) . ,

\'U(i‘l‘zz s*[a].) .
1 U(z,~-2,,s *Ta]) \i\

1+e

- 1
2 1+eU(zl—zz,s*Ta]) ’

8As opposed for instance, to-a direct statement of ut111ty
maximization. In . the case of cardlnal utility these results are not
inconsistent with those which would be de ved ‘m an assumptlon of
utility maximization, i.e., P, > P, if U(2Y,s*[al) > U(z,,s*(al).
However, the maximization of utility does not d- cermine the probablllty
of a part1cular alternative being chosen. . .

Observable" as defined in footnote 2.
10psychologists must~attr1bute this instead to,individual error.

11The superscript "i'* will be suppressed for simplicity, but it _
should be remembered that these results hold for all individuals within
observably homogeneous groups. Note also the difference in results
from the psychological approach--the process of maximization is
1ncluded in the probablllty of making a partlcular choice.

12Refer to-T. Domenich and D. McFadden [9], . 56-62, for dis-
cussion of the specific -dmplications of using dlfferent d15tr1but10nal
assumptions for this purpose. They discuss the Probit Model (derived
from the cumulative normal distribution), the Logit Model  (from the
Weibull_ dlstrlbutlon), and the Arctan Model (from the Cauchy
dlstrlbutlon)

13Thls distribution has also been called the "extreme value"
distribution, the "Gnechenko'' distribution, and the "Inverse - Exponential"
distribution.. See T. Domencich and D. McFadden [9], pp. 60-65, for
detailed propertles of this dlstrlbutlon

14T, Domenc1ch.and D. McFadden (9], p. 63.
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15M. Nerlove and D. Presse [361, p. 12,
16The basic steps for the proof are available in CRA [5], pp. 5-18.

Y7CRA {5], pp. 5-18, and the procedure is adapted from the proof
_found in Stopher and Meyburg [50], p. 281.

\

1%The shape of such a distribution function is approximated by a
variety of distributions, so this result is not unique to the use of a
Weibull distribution.

19%e would expect, then, that the effects of pollcy changes on the
behavior of population will depend upon how individuals are clustered
in' such a distribution. :

205ee R, Pyndick and D. Rubenfeld {41], pp. 240-243, and T. .
Domencich and D. McFadden (9], pp. 58-59, for alternative methods of
constraining the dependent variable to the 0-1, range if a Logit or
Probit model is not used '

21N'ote however, that the result in .(2.18) includes only the

- observable characterlstlcs of alternatives Xj and s[a], whereas the
result of (2.2) uses all characteristics of- z3, s*[a] assumlng them
all to be observable.

22For example, 1f a new third alternative has a probablllty of
~selection equal to .20, and the original probabilities for the existing
alternatives were .50 each then.the selection probabilities for each
- of the existing alternatlves become -40, thus preserv1ng the ratio of
the probab111t1es . -

231f -he selection probablllty for alternative 1 in'a multlple :

ch01ce situation is
G(x)
. eG(x)

1

It

j
then this probability with three alternatives
G(x),
e

17T, e, 6,
e + e + e'

]

A cross, elasticity between thlS probability and a change in a charaCter-
istic k of the third alternatite is )
3Py Xy P G, x,.

axak Pl : -36()013 3X3k P1

o E =
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b= _Paskxak'

As reference to alternative 1 is not part of the résult, this will also

*  hold for the cross eldsticity between the probability of selecting

‘alternative 2, so that the cross elasticities are equal. Indeed, within
a homogeneous population, we cammot; a priori, expect the cross
elasticities to favor one alternative over the other. The information
which would tell us this is unobservable.

2*CRA [71, pp. D-7, emphasizes that this is only true for ‘homogene-
ous populations. . i - .

25CRA [7], p. D-17.
: ]

28For example, if unobserved attributes of alternatives have an
effect on individual location decisions. The new choice setting deter-
. mines the values of the observed attributes (i.e., cost or time). !

27In the case of transportation models, this is known throughout
the literature as the Blue/Red Auto Problem. This often-used example
concerns the existence of three modes of travel, two of which differ
only in color, and are perceived by the individual to be identical
commodities. Assume that P, = 0.5 and P, = 0.5 and that a third
alternative is introduced which is a different color from alternative 1.
Intuitively one would predict that P, =0.25, P, = 0.5, and P, = 0.25,
and that the consumer is indifferent between alternatives 1 and 3.
The model will predict the probabilitied to be P, = 0.33, P, = 0.33, and
P, = 0.33 in order to preserve the original relationship of P,/P,. It
is questionable whether in this case the model has led to acceptable
_ ‘predictions. - - : ' o - o

"28CRA [7], pp. D128-D167 offer more extensive discussion of tests
indicating violation of the Axioms and potential remedies for these
problems. . _ : :

* Domencich and McFadden [9], p. $4. ' -2

A

39Tt will be seen in Chapter 4 that this is a special case of the
issue as to whether to use generic or mode specific variables in the -
model =-~ecification.- ’

31 : .
- Stopher and Meyburg [50], pp. 310-311.
32 - .
By concentrating on flows from one tradsportation zone to ,
another, the analyst ignores differences between consumers within
zones. Thése may be more varied than differences between zones.. By )
aggregating information into measures of zonal averages, a large amount
of information is-Igst. ’ . . ‘

331f no causality is established between the variables deté;;dning‘
travel behavior and that behavior, then the models will be deterministic
_and useful only to those areas. 5 S

@



3“See CRA [7], pp. +,C113-C161, for new developments in the modellng
‘of other types of travel behavior. 8

35This is not to imply that md1v1duals make' certain ch01ces out
of habit.

B
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- for policy purposes. The. need . to translate theory to pollcy recom—

mefidation rajses two 1mportant concerns.

1.

v e
.observed.behavior of populations. It is necessary to aggregate

choices to characterlstlcs of the choice env1ronment then aggregate

Chapter 3
AGGREGATION AND TRANSFERABILITY

B

The application of new modeling procedures will u1timate1y be

The advantage of dlsaggregate modellng has been in the galn in the

ab111ty to examine behavioral responses at the 1evel of the

1nd1v1dua1. However, policy issues generally relate to the ]

the. information regarding individual behavior in order to make

predictions about -populations.

An explicit aggregation procedure must preserve the advantagé§'0f~
the dlsaggregate methodalogy over traditional aggregate models.

If the model initially is able to demonstrate the sen51t1V1ty of

—

predictions involving the sdm individuals must also be- sensltlve

to changes in these varlables Naive aggregatlon procedures can

.of the policy maker in the use of quantltatlve analysis. Trade— -

im1t1gate sgme of the pollcy advantages of. the dlsaggregate ’.,; R

approach 2 .

If one goal of better modellng is to increase thedanaIYtlcal basis = 5:"'

of pollcy, ‘then it is necessary to recognlze the real constralnts'-

offs often ex1st between new and better modellngq%SEhnaques and

the resource Tequirements “of thelr 1mp1ementatlon._ This hasvglvenzl'
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:ch on model q;ansférablllty—-the use of model

.vresults from o e populatlon 1n order to help make predlctlons about
a different po ulation.
A (better understanding of t;anSferability issues‘might mean that

modeldng procedures such as disaggregate ‘analysis can be utilized at

)
v

')iesé cost to the policy maker, thereby intreasing their adoption as
'regular procedures. o ‘B
The dlscu551on to follow in this chapter concerns the development
ofytheoretlcally consistent aggregatlon procedures, and .the dellneatlon
of preconditions for modelxtransferablllty | . It will be seen that it is
~ the separatlon of the 1ndiv1dua1 c¢hoice model (as descrlbed 1n Chapter

’VZ) from the exp11c1t aggregatlon procedure of this chapter whlch facili-

tates | He potentlal for model transferablllty
3.1 THE DEMELOPMENT 0F~MEASURES»0F AGGREGATE BEHAVIOR

_ . N A .
><:u\"> 1.1 Thé Elast1c1ty as a Sumary Measure of Aggregate Response

One of the summary measures tradlt onally used to examlne market

'behav10r is the elasticity of demand It 15~pos$1b1e in this: case to

derive a cont1nuous elastIcIty measure (even when the ch01ces themselves

c—

are dlscohtlnuous) by us&ng thé probablllty of a partlcular ch01ce as -

the deee’deht variable, “and the explanatory \arztables determlnlng the

'cholces as’%ﬂdependent variables. This elast city measur$ can be

stated as ' : : v - q

ST S T c1c Nl S B
. c v‘aG(X) : axjk' . Pj B . : .
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Traditionally, elasticities represent market responées. In this
case, the elasticity incorporates the-choice probability of the y
individual, who is not in this case representative of the.rest of the
population. As the population actually represents a distribution of
individual probabilities, an aggregate elasticity must take this dis-
tribution into account.® o .
3.1.2 Naive Aggregation Procedures

- : \ ~e ol e - -

Naive aggregation procedures reflect traditional views of con-

7

sumgr demand.- As simi}ér consumers are assumed to have similar choices,
"a naive aggregatiOn procedure uses the choice probability of a repre-
sentative consumer to hake prediCtions about the populations.
1f thls is to be an‘fccurate representatlon of aggregate behavior,
the group must be homogeneous. If this is true then few aggregatlon
problems would exist. One would merely calculate an expected probabll-

‘1ty for the populatlon by using the mean values of the variables:of the

nndel

‘3»

In a 51tuat10n where ‘there is a dlstrlbutlon ofJ<
probabllitles throughout the populatlon (the’ cumulat' e, response curve
‘»1s,non11near) thqlpppllcatlon of this aggregatlon procedure is clearly
1ncorrect

It is-ﬂeceséary to examine the entire di ;ribution of-orohabil-

.\,A

°

ities in order to calculaté an expected probab lity for the population.
’ .. . , : -

3.1. 3 New Aggregatlon Procedures

. Specific procedures used to take into adcount these concerns
vary in tefms of the accuracy of the resultlng redlctlons " The actual .
selectlon of an aggré%&tlon procedure will invol ' trade-offs between | , °

2



theoret1ca1 arguments and arguments based upon practlcallty
- The most accurate procedure would be to examine the choice
probabilities of each 1nd1v1dual in the given population, and then to

' calculate the average probability

where A(i) is the number of individuals in group i and P is the
1nd1v1dual s probablllty of selectlng alternatlve j. 4
This procedure requires a 51gn1f1cant amount otginformation,
which in sone~cases may not be avai;able to the policyzmaker.
" In some cases a more practical procedare may be to make use of.
snmmary measures of relevant distributions in the calculation of

aggregate responses. Two optlons are avallable to the analyst at this

point. One is to aggregate the model before estimating it, and then to,

use aggregated data to estimate the model. However, this results in a

" loss of ;nfermation, and may yield conflicting results. . The other is
to estimate/the model in'its'disaggregate form, using individual data,
and. then to aggregate the results to wh1chever level is necessary to

make the requlred policy predlctlons

3 1 3.1 The aggregated model - a brlef dlscu551on -

McFadden and Reld [ 33 ] have analyzed an aggregated model whlch

makes use of the aggregate data and attempt to indicate the condltlons

under which such a model is valid.’ They use zonal averages for

observed characterlstlcs as would a naive aggregatlon procedure, but

they incorporate w1th1n the model necessary 1nfbrmat10n'about the .

' f({‘

" : | o (3.3)
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dlstrlbut1on of 1nd1v1dua1 characterlstlcs and attributes of the
alternatlves. 9 Thls accountlng of the distributions of characterlst1cs
implicitly generates within the model structure an accounting of the
distribution of. 1nd1v1dua1 probab111t1es | E
~Their results suggest that if populatlons are homogeneous then

the structure of the probab111t1es for the 1nd1v1dua1 and the aggregate
‘form of the probablllty are 1dent1ca1 The only d1fference would be @
that the aggregated form uses the mean values of reported varlables to |
generate‘the prohabllltres rather than individual values. The advantage |
of this appgﬂp:h“over!traditipnal‘aggregate models 1is that‘the model
treats homogeneoUS groups as\a special case of many possibie population
"profiles rather than imposing therassumption of homogeneous populations
into the calculatlon of ‘aggregate responses. o

) Although there is pract1ca1 ut111ty to thls approach in that it
is possible to use ex1st1ngvdata.more easily found-1n~transportatlon.(;
data inventories, it farls'to_establish logical linkages between'ch;ice'

probabilities of-ind}viduals and,observed‘aggregate Tresponses.

3.1.3. 2 Aggregate predlctlons from dlsaggreg ate estimates

_ With the advent: of new modellng procedures planning systgms will
;: change in order to accommodate them. The dlsaggregate approach ;pmﬂles

“a need for a new type of information 1nventory rather than just a dif- V
’4ferent form of utilization of ex1st1ng/aggregate information. Although

- the’ aggregated model of McFadden and Reid is a short-run solution to f
.the 1nformat10n problem, theoret1ca1 and Statlstlcal arguments favor )

the use of a dlsaggregate model structure estlmated on ind

data.'?




. Westin [60] clearly outlines the'lssues in modellng aggregate
demand and especially in the use of ‘a ioglt model. - He argues that .
aggregate resu;ts from even;very’51mp1e pollc1es‘are not obvious, and
bthe,results depen& upon the distribution of the individual_choice prob-
ab111t1es throughout the population. l

The advantage of the aggregatldn procedure developed by Westln
lies in 1ts.f1ex1b111ty. His procedure is basically one of identifying
a linkage between a‘kﬁown'distribution ofAcharacteristios and a derived
family’of‘distributions’for the selection probabilities of the | |

,,”ﬁopulation.

‘A certain number.of minimum requirements exist in order that any

derived family of distributions of probabilities will be useful in this
type of p'rocedure;~ Most importantly, the distribution of probabilities
must be senéitiveisp changes in the underiYing distribution of
| charaoteristics;lz' | .
Using thevlogit specification of individoal probabilities Ofﬁa
particular choice; it is.estabiishedofrom»{z;lé) that .
a1 __. (3.4)

i -(Bx.)
Clexp

t

WEStln descrlbes the 11nkage from the characterlstlcs of the

populatlon toa dlstrlbutlon of probab111t1es in the populatlon in tenns

 of transfonmlng a dlstributlon of populatlon characterlstlcs X to values
‘ of 8X, and from this der1v1ng a famlly of. probablllty dlstrlbutlons

Let g(BX) represent a probablllty density functlon f(p) of (BX)
If X is multivariate normal with vector means My and a covariance matrix

z, then_BX will be univariate normal with- parameters u = w8 and

o

“



=_sze’.
If

then .

and when [R.n '

1 1
o PZ1—P5 exP

p?
il .
m[l-??] = BX |
f@)=gm[ﬁ]"l 'l‘ l'/'m$)
l-P? .P?(I—P?) R _

is digtributedhunivariate normal, this yields

1w

‘This probabiiity density funétion,.previeusly'described by

'Johnsen [19] is of a family called the Sy family of distributions. 13

This famlly of distributions satlsfles, as Westin notes the pre-

3

- descrlbed condltlons for-a satisfactory: derlved dlstrlbutlon of

probab111t1es.

Importantly, as long as the nonnallty of the character-

istics distributions is pfeserved the S;. family of distributions will

always be derlved as it is thls assumption Wthh ylelds the structure

of (3 6).

The 11nk between the dlstrlbutlon of probab111t1es and the

distribution of characterlstlcs can be-clarlfled through examlnatlon of

the parameters of the S dlstrlbutlon whlch,aas seen above, are llnear

comblnatlons of'the dlstrlbutlon of characterlstlcs

One 1s again faced with two options in examining this relation-

sh1p between the underlylng characterlstlcs and-the dlstrlbutlon of

~ .

k‘é"_‘ :

WL

[R.n(1 p) u] . (3.6)

45~



‘probabilities.
1. 1If the absolutevmagnitude of changes in the variables is known,_the
‘parameters’ of the"trans'formed.SB function can be caiculated«(i.e.,
u =.uk8k,’o‘= BZB;). The resulting changes in various moments of
the derived probebility distribution can then be directi& compared.
There is, however, some cost to this procedure as the actual
| generatlon of the probablllty dlstrlbutlon and 1ts varlous moments

15 a compllcated procedure.*

3

2. It is less costly and a fairly stralghtforward procedure to examine

the sen51t1v1ty of various moments of the dlstrlbutlon,of probablll— ‘

ties to changes in the underly1ng characteristics. ~ One of the

o moments most often analyzed is the expected probablllty E(P) wh1ch
is deflned as the expected proportion of 1nd1v1duals ch0051ng a
partlcular alternatlve v Useful elasticities would then be in .

: terms of the sen51t1v1ty of the expected proportion of 1nd1vndua15 |

of taking an actlon to changes moments of the underlylng dlstrr-

vbutlons.of charaGteristics. gwestin-caICulgteS'two elasticities,

generated fromth%}SB function,uto-be

N
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_ e Ay ) Iﬂ: "E® L (3'7)v;- .
where -
-~ B m E[P(l P)] :

kk ‘ ) ;. .

L EanR - (3.8)

and

* _9E® . ot 2 .

B =—3 : o (3.9) .



. where .
E[P(l P)]{m[ ] u} 18 .
E 5, = E(P) : (3.10)

Q ‘ ‘ ' g

The information composing those elasticity measures is more

readiiy available to the,analyst, but is valid for only small changes
in variable Valuégr | |

This procedure represents a more'sophieticated approach to
aggregate predictions than the aggregate models used in trad1t10na1
transportatlon plannlng procedures The wealth of 1nformat10n which is-
avallable about 1nd1v1duals and their choices can be utlllzed to make
reasonable-predlctlons about group behavior. It can also be seen that
these measures can be generated if necessary, from only summary
- ‘statlstlcs desCrlblng populatlons ThlS will have 1mportant implica-

i

tlons for-transferablllty of‘results betmeen mpdels.

o

3.2 TRANSFERABILITY

3.2.1 Westin's Contribution Restated . k“qrv -'E’
Wifﬁin the'area of partial ‘equilibrium modeling, it is oftéen

difficult to percelve how one can Justlfy the . use of model results to
et e demand con51derat10ns between diverse poprlatlons That is to
Scs rder the traditional theoret1ca1 part1a1 equ111br1um framework in
.demand analy31s it is d1ff1cu1t to account fbr dlfferences between
populatlons (whlch is 1mportant because the 1nd1v1dua11ty of a group
determines the range‘of,observed choices) and yet, at the,same time,
reflect the cOmmongeiement of’observed’choicefwnieh might also be
"traneferable.‘ This isrﬁeeause the aemand'theory and aggregatioﬁ

' usually coincide, and because the partial equilibrium nature of the’

47
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study precludes generality which might increase the flexibility_of.the‘

model. , ~ . o

e

As implied in the introductionatovthis’chapter, th; methodology
presented to this point while still partial equilibrium in nature,
has achieved much toward a‘éqlntddn to this problem. _
| }Westin;sdaggregation procedure utiiizee the'behavieral'parameters_
- .-of the nodel in conjunction with parameters of the distribdtidn_of
characteristics within a population in order to derive a distribntion
of probabilities for that populatidn | To this pdint in this thesis,

‘and as has also been empha51zed in the 11terature Westin's contrlbutlon

STre, P AT s T s b T ARzt VN AR SIS T e e s o

has been empha51zed ma1nly in terms. of its recognltlon as a more ’
. realistic and theoretlcally con51stent@aggregat10n procedure. : R 3
| d.In addition,?thé outline of'a‘causal relationship between the 3
/‘chardctéristics of a population and.the characteristics of a derived

'dzstrzbutzon of probabtlztzes makes the aggregatzon procedure respon— . ';

‘szbZe for the sensettvzty of predictions to dtfférences in populatzons-—

. freeing the model from this role.

" B.2.2 'ResearchvResults:Addressing the'Issue’ ] L o . ""‘§
gf:i Westin and Watson [61] indirectly prov1de some conflrmatlon g
' of. thlS in thelr research 1nto model’ transferab111ty They observe _ g
mlxed success in their attempts_to.use model results between dlfferent :
or1g1n/dest1nat10n groupings of 1nd1v1duals and thus attempt to flnd %
/a systematlc pattern and(§§p1anatlon for thelr success.
' The aggregatlon procedure developed by Westin relles on.both

-
model results and information about the distribution of characterlstlcs

in ‘the population; They arewtherefbre'provided with at least two . ' -

[y
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initial avenues with which to pursue their investigation.

1. The adequacy of the accounting.of interpopulation differences
within- the aggregation.procedure._o . |

2, The coeff}cients 3} the expianetory variables, generated from
the model. | , | ‘

The rationale for examlnlng 1nterpopulat10n dlffé;ences as an
explanatlon of their transferablllty success must be in the question of
- whether the aggregation procedure is suff1c1ent1y sensitive to inter-
populatlonldlfferences. The procedure utilizes summary ‘measures of
these dlstrlbutlons of characterlstlcs CIf these parameters are
.def1c1ent in thelr representatlon of populatlon d1fferences then they
WOuld expect ;O‘find poor hesults between the populatlons. 1 ThlS would
1mply that 1t\wou1d be the aggregation procedure which would have to be
upgraded to better take into account interpopulation differences.

After analy51s of this questlon they reject the notion that the
observed dl;er51ty between - populatlons explalns thelr pattern of
results. Therefore, for their purposes,Athe aggregatlon procedure seems
adequate.2°‘ | |

Givenlthe above, their pattern of success could possibly be
explained in terms of the stablllty of coeff1c1ents of the models ,
between populatlons. °Only in cases where the coeff1c1ents are stable
, between populations can the coeff1c1ents of one populatlon be used in
place of those for a second populatlon in order to make predlctlons {
‘:about that - second populetion. Upon ana1y51s of thlS question, they -find
1t necessary and suff1c1ent for successful transferablllty that the

21

model coeff1c1ents not be 51gn1f1cant1y different from one another.” - .

Superficially this seems. to be a rather uninteresting result44
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R

that one parameter can be used in place of another if they are equal. - ;
However this result importantly suggests that the model has succeeded
-in identifying something about choice behevior which is common betweeh

populations.

’ - ' .
3 2.3 Impllcatlons for the Tone of th

If one 1nterprets Watson anﬁﬂwes‘, 5 ‘l'ln terms of plac1ng

”'

equality of model coeff1c1ents acro;

n_";ﬁof théskransferablllty . b

[issue might be as folloﬁé"‘”when, ‘a priort, wouZd one expect the. modél

-of transferab111ty success, thenmaln Com

coefficients to be stable between populations?' Related issues whose

resolutlon would help clarify this would be: o - ﬂ“

.. What do the coefficients of the éstlmated model theoretlcally
. represent7
;. Under whlcp condftlons is” 1t reasonable to theoretlcally assume
“thelr equality between populat10ns7 and/or '
3. wa are the coeff1c1ents theoretlcally affected by the assumptlons ) .

- of the model? (i.e.; which assumptlons inherent in the structure el

of the tradltlonal model , could be relaxed w1thEt affectlng the
stab111ty of the coeff1c1ents?) ‘ \
4.  (a)_ How does the actual estimation preeedure affeet these
| coeff1c1ents7 (i.e., w1th1n the estlmatlon procedures, what
can catise the coeff1c1ents to change?). '
(b) Are the'calculated coefficients consistent with théoretical

expectations’ R ST : o 1 {

4

-S% G1ven the answers to these 1ssues within’ whatﬁuiglts should one

) expect equallty of the coeff1c1ents? o ..




An additional issue is whether one‘should adopt the Watson/
Westin result as the sole~criterion for model trafisferability potential.
£bsp1te their attempts to explain their pattern of success in terms of
.the equallty of coefficients, their actual criterion for transferablllty
success is in-terms of the quality of the predlctlons. Reasonable
predictions may still be pqssiblé»without equality of the coefficients.
To concehtrate solelyéen the above issues because of strict
‘adherence to the Westin/watson criterion might unduly restrict theﬁuse
of the models in cases where.the preconditioﬁ of the eQuality ofmmy
coefficients is violated, but where the quality of predlctlons might
- be reasonable. . |
6. An important issue, then, is. the sen51t1v1ty of aggregate results
to changes in the values of coefficients, 1 e., how dlfferent can.
 coefficients be and still provide reasonable predlctlons between
populations? If the aggregate results seem relatlvely 1nsen51tlve
to changes in the coefficient values, 1ncreased flex1b111ty in
modellng and estlmatlon procedures could result.

‘Address to all of these issues is:not‘attempted‘iﬂ this thesis.

22

VoL

These could be viewed instead as important issues which must be L

addressed before a good understanding of the tranSferabilityiissue can
be achleved The the51s will, however dlrectly address questlons 1,

2, and 4(b), which w111 prov1de a reasonable ba51s for 1nterpretatlon
of the follow1ng emplrlcal ana1y81s and suggested answers to some of the
other listed issues. In-depth pursuit of the other issues leads- one

-~ outside tk— scope of the b351c questlons 1n this tq651s.
| ~

-
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",3.2.4 Preconditions for Model Transferability

© ' . . .
' ’ f

3.2.4.1 Interpretation of the model coefficients

From (2 *’4) the Random Utility takes the form Uy = Ulx,stel) +

e(x s~ j) As U(x ,slal) is the observable and measurable portlon

of the Random Utility, it is possible to’ 1denti¥y a set of varlables to

characterize it.

Let 24

3 P
One 1s not able to spec1fy varlables for s(x ,S [a]) as it 1s assumed
to be known only to the individual. The stochastlc portion of the
utlllty affects the model not through .speécification but through its
effect on the structure of the chplce probability. v N
:I§olate ; | |
chf,s[a])? £,2,0cp,s a]) + 8,7, s D) - - By Gy s(aD) (3.11)
where z represents the partlcular transform of the variable to be: used
This is actuallye%he Spec1f1cat10n of G(x) in previous reference and
which w111 be transfbrmed to a probability’ through P = 1/1+e ~G(x),

_The L0g1t815 therefbre descrlbed as_

\1-P?
J

Initialiy; it- is apparent that%%ﬁ%%goefficieﬁts (8 )'fepresent
the change in the log of the odds of the choice of a partlcular alter-

nuwewacmMemz(xwﬂML €.,

-"‘.i." -\v. %;_i, . ‘ \l':i )

U = ik(x'kys[a]) + E(X:,S‘[‘a])’ k = 1,-.,~,K. (3'10)

p? o .
91&_1_}'= Blzi(le;s[a]) + szz?(sz,s[e])’. f . usK(ij,;[al). ‘(3.12)

52
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L (3.13)

1-p%
-3z (k.k,s[ajj

. // : : p? . R o
. 3 —L- . |

P 0‘ 3 _‘ " . - - . ° 3 - - N
It 1is perhaps more meaningful to enquire of the sensitivity of
~ the logit to changes in the value of a particular character@stic xjk .

[ Pa‘ . _v . . ( . - - ! ! >’ . "
. E ‘- . 3 g'n Ja ) . S | - i
' - . 1-P.] CE o :
" | ' o I CGas
' h . T .k . .k o ) N - 1
: 2 ) ' s q-J - J ! ° . . ;

U U VR ULV

where 3z /ax is dependent upon’ the fbrm of the speC1f1cat10n of the
. partlcular attrlbute in the utlllty spec1f1cat10n In thlS case, Bk - !

:, represents the welght of that particular value in U(x, k,s[a])-—the total

f— °

set of variables descrlblng the observable portlon of ut111ty One

observes an: 1nd1rect@ilnk between this welght and the actual ch01ce

\ i .
S P N )

probab111ty R T r . /gﬂé

a

In the 1nterest of furthen'lnterpretatlon one might enqu1re as

wafatar ion

to the relatlonshlp ‘between the coeff1c1ent§ and the utlllty of the ‘
'1nd1v1dua1 The existence of a transferable model is dbpendent upon the
, assumptlon of a représentatlve portlon of the ut111ty functlon for all or,.ga :

1nd1v1duals.- Further 1n51ght 1nto the implications:-of the stablllty of ° '
. '.;?¥ _ 4

: e ”“ . o
If U = (x, k,s[a]) + e(x »S [a]) and Uﬁ (x k,s[a]) + . e

Ve

. coeff1c1ents mlght be affbrded

: {
'e(x »S. [a]L, then calculatlng the marg1na1 ut111ty




« -

(Wl

aU. 5U azk(xjk,s[a]) as(xj,s';a])

l = .
R = azngk,s[a]) ) a;ck — aka . (3.15)
2* " \ v —)

_ B, (2, (x4 ,sal)) + ae(xj’,sh'[a])
B T,

[ A | L

(3.16)

o

Two observations are in order: ;-
If the stochastlc and nonstochastlc portions of utllz,ty are.

mdependent (which was px;evmusly stated as a precondltlon for noh?

A,

violation ef the Axiom of the Indepencience‘ of _Irrelevaht

Alternatives), then
: .

e(xl,s[a o : 3z (x..,sa]) .
(J,c {al) - 0i amd . l.((_Jk, [})
T X ;5; B Wi,

is the marginal ut111ty of a change in an explanatory varl'able

If in addltlon, the form of the spec1f1cat10n of the variables is

-
<

such that’ o
?ZK;g}(l'k’S‘;a]) -1, :'

[l

S
SR

varlable : ‘Jf * Only 1n thls case is the value of the marglnal ut111ty

mdependent of supply ,51de¢cons1derat10ns or of ex1stmg spec1f1c

. Ievelg of socme@onomic var1ab1es. Only under these condltlons ’

f ‘ Ky
would margmal Ut111t1es of change m observed characterlstlcs be

qual between mdlvlduals. j

3

.—&55?: |
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then ek prnesents the margmal ut111ty of a change in an observable . '

aloai®



'ofé q Lfstioﬁl%/ value. C \ L‘ RS ' \ .
t

Lgher %he forecastlng proce}rre Af We;t‘in rf ‘r the results [

‘\

o~ :g’fﬁon and Westm s re),oarch depands? upon whether the coeff1c1ents .

' represent mar,g:mal utllitleq ’Or’dwelghts.
) N.r-“’ T :
2 V,Regardless of the nﬁéﬁendénce betWeen stochastlc and nonstochastlc

/’0‘ .‘

pgrtlons of: utlll;t)’, theoz-e‘ﬁwaily ‘the coeff1c1ents are related only

p‘

to the’ nonstochastlc portlons of ut111ty (1 e., sho&ld dependence
S e @ o, :
LV ex1,§t one could Jmaglne some Clk to characterlze

ae(xg,-s'[a])

Conceptua Y, under the assumptlon ‘ia representative portion

Ctio:jﬁll 1nd1v1duals the B8's. Wlll always be equal

- bet‘«‘?eexi1 ividnals d therefore populatlons for any given set of

of a ut111ty=

. ?eﬁf)ed varlables. , . . { -
N > . v ‘_‘ . ,0
Importantly this is not to mp&y that 36.; can expect’stab‘lllty

.jof the coeff1c1ents between an)mtwo est:mated models. The models are

estma'ted on the ba51s of' observed (rep@ed) ch01ces., In that case 1t :

is not’ clear that the actual coeff1c1ents w111 reﬂsect thé necessary ‘

restriction of representmg only the nonstochastlc portlons pf- ut1_11ty.

s
‘e xpect the coefftcwdnts to reflect onZy ‘the nonstochastic. portions of
vut-z,hty, 8o th?zt thetr stabzlt’zy betzaeene populatwn‘s .ean be expected"” ¢

. The issue". restated,\hecomes: "Under which conditions can one

. 50
o One mlght V1ew modelmg- restrlctlons for transferablllty as attempts ,
. to conform to this requlrement. This also c1ar1f1es why analysts often

‘r* state that successful transferabllltLJ,s the‘oultmate test of model
v specu'lcatlon._ R B B _
i . T :ﬁﬁb M/ '. - = - a‘v;_«-.u ‘-‘: . Cw

v . *



One can view.‘a’s question in terms of thr =~ ‘owing’

considerations:, ‘ ; , ' o | | L .

1. ¥ Represen ation 0 thev onstochastic portion of utility presupposes
that the results are mdependent of changes in supply side
conditions.

.

- 2. From the previous discussion it is apparent that no dependence

. .
between the stochastlc and nonstochastlc cor onents of utility can

‘o

‘ ex1st.
A note about“each of these Considerati‘a.s is warranted.

—_

(a) Demand Slde Isolatlon ' X -
» The coeff1c1ents must reflect only demand side phenomena. If
, dependence emsts between estimated coeff1c1ents and supply side con-
slderatlons then the1r stablllty across d1verse populatlons camﬂ% }z’f
.assumed. The purpose of the procedure would be defeated 1f one was

f-\/\—

‘-forced to arbitrarily assure smularrty of supply side cons:.deratlons %

' .1n order to Justlfy transferablllty of model results ObservaUle

,' changes in supply 51de condltlons w111 be reflected through exp11c1t

' mc1u51on of the LOS varlables in the spec1f1cat10n of observable '

4

ut111ty funct-lons, and the resu1t§ w111 be in. the cap1tallzat10n of

RV

' m these varlables mto the choice probab111t1es of the md1v1dua1

D4

The aggregatlon procedure will" then comblne this information about the

individual and spec1f1c supply and demand 51de dlstrlbutlorial con51der- -

N

.
rﬁ

F)

characteristics is exogenous. ThlS 1s not entn'ely unreasonable,

\atlons t generate predlctlons about‘r the population.

©

The vallsty of thlS procedure (as is true for any partial

equ111br1um model) is dependent upon the assumptlon that the supply of |

,‘
espec1a11y in the prov1$1on of publac transportatlon serv1ces.r-where

» A < . ‘
nly e, . A et - |-
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" *
ﬂtlg not determlned by public author1t1es are determined by past household

N .
$ decisions. These, hoWever are flxed in the ‘short ‘Tun. Clearly these -

A\

<
system characteristics are most often explicit decisions by public
authorities. To the extent that the individualasupplies some of the

input to-the transportation service (especially;%g:;he,auto mode), this
-

'assumptlon could be violated. Many-of the characteristics which are :

are short-run models. - - S,

t

Further restrictions exist so that the coefficients reflect

demand 51de valuatlons related to the preferences of 1nd1v1duals.

57

1. Ind1v1duals should face unrestrlcted ch01ces between the alternatlves :

')

of ered.
2. A easonable set of. relevant alternatives must exist.
Both of these con51derat10ns can be,summarlzed under the 1dea of

captlve choice--where actual choice is e11m1nated ‘because of the

Y
g 3

: ex1$tence of some external constralnt. This issusually corrected by

exp11c1t1y accountlng for these constralnts in the model spec1f1cat10n
or else in the selectlon of 1nd1V1duals in the analy51s.26 »A

~ (b) The Axiom of the Independence.of Irrelevant Alternatives .
A1l coefficients in the model are ‘estimated on the basis'dk

observed 0-1 data, where the choices themselves are dependent upon both

2 ]
the ‘'observable and \\\bservable portions of ut111ty For good model

transferability there can be no systematlc relatloRShlps between these

o

components . o o , : . R *:
’ From Chapter 2z it is apparent that dependence can exist because

»IOfi_ ' ' C . & - /" ¢
. v e

. 4
The 1nc1u51on of 1rre1evante§§§§;nat1ves in the analy51s..

-~

1
2. Sapply side competltlon which affects LOS varlables (or 1is based

Y
..

-
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Lrpon LOS veriable‘s) when the competition may be'related to
‘unobserved conditions. |
3. A related but not previously discussed problem concerns the
lequ111br1um of the household (or city). If 'the househdld is in a
‘state of disequilibrium (i.e., , with respect to onf@whmehold
" decisions such Ias housj‘ing';locatlon), then changes in the LOS
‘variabl'es which are assumed to affect ohly transportation choice
will actually have broader effects For example the ut111ty may

be affected, not just over that partlcular choice but for instance,

as unobserved tastes, but wh1ch would be related to observed LOS

varlables, and which mlgl'ﬁ affect their decisions. The modellng

G o
procedure therefore assumes that the area under study is in -,

equilibrium, which could affect conditions under which one might
' exoect transferability to hold. Considerations such as 'prev'iou‘s‘

N

- household mob111ty could be one such consideration.

4, The use of altefnatlve spec1f1,c varlables in. the spec1f1catlon may

2
fcapture 1m1dent1f%ed effects of taste for that partlcular
‘; alternatlve Whe;gyone ‘may find nontransferablllty of alternatlve_

spec1f1c varlables, oﬁ may fmd&lt@sferablllty of generlc

\ -
\f - { ;
- .
“ . 4.

varlables. . ; 4?\ i 'v., . l'* T _
T R ;
Further observa.tlons can be made regai’l‘dmg, t};ansferablllty and .
‘» 41/ . J
Vlolatlon of these precondltlons e TR y

>

F1rst1y‘~’.!:twas~prev1ously noted that 1f the Axiom is v1oJ:)ated
the 'coeff1c1ents will be blased--for instance, when the coefficient
captures al}%lce effects of that varlable even when some of the

effect is due to unobserved tastes. We would not. eatpeq\t these varlables
’-‘ .. ' . ' L A.

'
i

vis-a-vis other individuals. These effects are properly categorlzed |
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~ to be stable acrosa popglations. -
“The biased coeéficienta resulting from such a situation will be
used in forecasting procedures. Underlcertain conaiderations; the use
f'in forecasting of these coefficients may be better than the use of
corrected coefficients.zj. Such would be the case if one was able to -
assume the prolonged existence of a particular'type of'dependence

. ' ~ .
throughout the forecast period. But this relates to particujar -idio-

“'syncrac1es of a partlcular populatlon and it is unllkely that the ‘same

type of V1olat10n would ex1st between populations. In general, the
transfer of these’ coeff1c1ents cannot be Justlfled ' -

Secondly, no models regardless of the sultablllty of the under-
1yxng conditions for potentlally good transferablllty resul w111 ever
be perfectly specified. This, along nath problems assoc1ated@w1th

correctlng for Vlolatlons of the Ax1om, might provide some ratlonale

28 o
for updatlng-procedures -~the” use of new%uﬁkmmatlon to correct ex1st-‘

L &

ing coefficients to’reflect the‘new»populatlon.for wh;ch they mlght be_
o ﬁsed. ’Thisg hoWever,'implies a'need for at ieastﬁamall aamples for the
new pooulation;_which‘may orimay not be availabie._ v
“In conclusion it mustlbe noted that because of the case with
- which the precondltlons for transferablllty mlght be violated, and the.
“‘ d1ff1cu1t1es of correcting for thls, research 1nd1cat1ng the relative

Y
beneflts and costs of these correctlons 1s crucial. 9ne might create

more d1ff1cu1t1es than one solves by seafchlng‘for extravagant methods
to conform to theoretlcal requlrements for transferablllty The '

coeff1c1ents are a means to an end not the ends in themselves, so that

59

the sen51t1v1ty of forecasts to small changes in coeff1c1ent values must ‘g]'-

‘be 1hvest1gated ThlS 1nformatlon is 1mportant for determlnlng the

o



increased flexibility in the mod_eling situation.which can be allowed

before compromisine transferability.
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o Changes in’ both the mean and variance of these characteristics

distributions. - . v o ‘

2Naive aggregation is a term coined by Westin and others to (¢>
‘\..

describe aggregation procedures which do not take into account the
distribution of probabilities in a population. -

,33-_ o Zagﬁzl;.fik - .
T 3G(x) X, ‘5a A
, ik .pj ‘ .
s ] 1 ol , r
T Bxl 6 s Nk :
N T ¢3) X, 1
L R
BT 3
.o 9G(x) _ : B2
o " B - ¥
o a4
= - ay o . : L
.‘.. (1 }:DJ) 'Bk xjk., A L

The elasticity is dependent upon the amount of the kth attribute .
possessed by alternative j,; the weight of that variable in the utility
function of the individual, and inversely related to the share of the
market held by that alternative. ) ‘ ' '

“P? above is actually P**--an individual of type i. Domencich

- and McFadden [9], p. 50, outline and aggregate elasticity when market

- segments are identifiablé.  F = wjEj where wj is a weight representing
the proportion.of total demand for alternative j originating from-people .
of type e, and Ej is their corresponding segment elasticity. They point
out that. the aggregate -elasticity will be-smaller than an elasticity
evaluated at the population mean of the e##lanatory variables (naive

‘procedure). This result is supported by Westin [60] who calculates an .
error E(P) [1-E(P)]/E[P(1~P)] and by McFadden and Reid [33] who calculate

. that the aggregate elasticity is 82% of the individual elasticity.



C]

-

5If there i$ no distribution of prqbabllltles in the populat1on
then the response curve is llnear e

1

!
o !
| I [
Loy
by !
] a
‘ [ T G(x .
(63 B G

Glx1)  G(xz)
The mean values of the variables correctly predlct the mean values of
the probablllty ®@. . : .

®In this example, the mean probab111ty calculated from the mean

. values of explanatory variables will overstate the actual expected

. probability. ' In general this estimated mean probability will be biased
towards the closest extreme end of the distribution. This result is
also important_because the mean probability is used as an indication of
the expected: rtion of the.population taking a particular action.
Therefore E(P) “itself is an aggregate prediction. See footnotes in

_ Chapter 5 for these same estimates for this particular analysis.

~~ P

B "

2 e
-
4
o

%

T A . . ’\ R . P

Vo 7Kbppe1man [22], pp. 20- 21 outlines a taxonomy of aggregatlon
procedures classified in decrea51ng order in terms of data requirements
and therefore also in terms of the accuracy bf the reflection of the
actual dlstrlbutlon of probab111t1es throughout the populatlon.

.
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74 ®See Oum [39].

For a full discussion of this approach, refer to McFadden and
Reid [33]. This-approach, despite its limitations, is an important
contribution as it allows for the use of aggregate data which is already
collected in traditional transport planning invent&ties, and which
otherwise might be applied to less adequate traditional modeling _
procedures. 'Aggregate’ data usually consists -of zonal averages of:

transportation and user characteristics.

A L0Their individual probability using their notation and u;ing a
probit rather than logit specification is

: a i'_ -

' . o Pi=9¢ (8,2)
@here ¢ ‘ ‘

- differential attributes between modes,. and B, is a coe

They find that

is a standard normal distribution of (87z,), i% is a vector of
i ficient vector.

~P?i § ¢(B‘zk) '
3 [q,.12
/ 1+0’j

- ' S o g2
. where z, is a vector of mean values of differential attributes ana o}
is the 5ariance of the distribution of explanatory variables.

McFadden and Reid impose distributional assumptions upon the

characteristics and therefore also the probabilities, using the dssump- .

tion of normally distributed characteristics. -
. “’
. *'Domencich and McFadden [9], p. 12, clearly establish that the
intent of the modeling procedure is to outlin differences in ipdiyi
travelling behavior in an attempt to explain ¥¥oup behavior. At i
theoretitally and statistically desirable to examine a wide ramég‘e
unt

obsgrvations in making predictions about groups. If a large
variation in behavior is intrazonal, this should be preserved in the’
estimation of the model. Although McFadden and Reid's approach may
reduce the costs of prediction in the short run, their approach suffers

from some of the statistical disadvantages of other aggregate approaches.

Long run costs could be reduced, for instance, by preserving the
- information on individual behavior variations, thereby reducing the
size of required surveys and data inventories. . B :

'2See Westin [60], p. 3, for a specific discussion of these
requirements. They lead to the underlying theme of his procedure-~the

)

identification of causation throughout' the prediction Drocedure.
L3estin [60], p. 4.~ * g
e w - -
o ' » - R o 5. .
él_sJohnston [19]. o . o | &

. 'SWestin [60], p. 9, notes that this actually required numerical
procedures, which will likely be costly to the policy maker.
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17The dlstrlbutlon of probabllltles is 1mportantly not equal to the

distrlbutlon of outcoges, since the choice itself is a random variable.

' Inference, however, i made about population behavior from the distribu-
tion of probabilities The " 'expected probability' of individuals taking
a particular action is inferred in terms of actual outcomes as the
'expected proportlon of the populatlon of taking that alternative.

“Westm [601, p- 8. : | . P

19Note that the elast1c1ty in (3.8) has the same 1mp11catlon as
(3.2) but uses distribution information. Westin, R.‘and Watson, P -

[61], p. 236. For example, if the means or variances were not suffici-

" ently sensitive to changes in distributions, thereby failing to transmit

4

these changes through the aggregation procedure., Also, they measure
'success' through their attempts to predlct actual observed outcomes
such as modal shares. ‘}\ _

2%Had they found that the model predlcted well, for a given set of
coefficients, between populdtions which were 51mllar but not detween
populations Wthh were diverse, then it would imply that the aggregate

procedure was. not correctlng predigtlon to account for these differences. -

21They performed likelihood ratio tests in the null hypothe51s that
the coefficients were equal between population’ groups. They found that

the hypothesis was rejected in cases where the predictions using these

coefficients were poor, and agcepted in cases where the predictions
seemed to be adequate. In gemeral, they found the coeffigients to be
different Aacross models;w1th different assumed trip purposes. . .

\ 22This recognltlon is apparent in comments by both Westin [60] and -
‘Ta1V1t1e and Kirshner [21] : S :

23Thls is important in view of the practlcal needs of policy makers
who cannot afford (through time or data requirements) to further correct

" models to ensure transferability success accordlng to the watson/westln
- criteria.

2“M(:Fadden (29]. -~

¢

"25The coefficients are stated. only, in most analyses as represent—
ing a 'behav1ora1 element’. X

26These constraints 1nclude on the auto side, the existence of
legal means to use the auto, ownershlp of auto, and also includes
famdllal constraints on its use. ‘It has been emplrlcally shown that
'auto availability' for the trip purpose belng modeled is important.
See CRA (7], Koppelman [22].

* 27Charles River Associates [7], p. Y e

’ o ) o 4 :' - ey ~‘ .. »_‘

- 28gee Atherton and Ben Akiva [2]. They refor to a process from
Bayesion statistics. The estlmated coeff1c1ents from a base model are

* _ : Ll e N

f} . CIR. N coa ey, ‘.

) N . } - ' s - .
e, ) B -

< R - ey
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. formula for the single coefficient case.

(O]

+ known, and in large samples have asymptotic normal distributions.

The model is re-estimated on a small sample for the new area, which. :
leads to a different distribution of coefficients. .These are combined"
to get a new distribution of coefficients. They derive an updating

.

B8, B, -
_2_ + —
Bo'_¢1 02
: 11
, -z
01 0‘2
. where B8, = original coefficient
' B, = new coefficient -

2 ' « : I . : g . :
0,,0, = variance of coefficients 8,, B, respectively.
] , K ,
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- . . Chapter 4
'{SPECIFICATION OF THE UTILITY FUNCTION

The practlcal applicdtion of the Logit Model: requlres an
anproprlate representatlon of the ut;llty functlon of the 1nd1v1dual
“ Several characterlstlcs of thlS utmdlty function were establlshed in ﬂ
Chapter 2; - - o _ o - ;f
1)1 The utlllty spec1f1cat10n w1II contaln varlables of "two c1a551f1ca— :

’ tlons, tho lated to the soc1oeconom1c characterlstlcs of the

¥,

. individual

those related to the observed attrlbutes of the

a

_alternatives. - (These are commonly referred to as 'Eevel ofOServ1ce s

(ME)wuumR559 S -'U‘Z .: "

3

- 2) The loglt zn[P /(- P )] 1s llnear Wlth respect to the character—~ N

-1st1cs of the 1nd1v1dual and of ‘the alternatlves .
'3) Soc1oernom1c varlables should 'not be 1nc1uded addltlveiy in the ‘

ispec1f1cat10n of a ?1nary model except as mode spec1f1c dummy

(\ 4 - ‘o L

.varlables. ' .” I I ) Q,fs

4.,'The Ax1om of the Independence of Irrelevant Alternatlves restricts
AN

the characterlstlcs of the alternatives as belng relevant and dls’

I
8

tinct between alternatlves.»

-~

EY

spec1f1cat10n of thxs function must be’ addressed B ,
-i: v - S . . “v K4
el e MEASUREMENI OF VARIABLES - GERERAL ISSUES
'4¢;§1 ‘Alternative Specific Versus Generic.Specificatien' oy
o . . s e - .~
. L S

Hewever*—eeverai—other-more general 'issues regardlng the - S

.15." s !




— 1st1cs do—not-vary across altematlves. _ Soc10econom1c varlables can

ThlS i sue relates pr1mar11y to the -method by whlch we describe
a characteri th Theoretlcally the concern is one b,f whether md1v1d-
uals have a conmon ut111ty function for all relevant characterrstlcs
‘regardless. of the COIﬂIDdltleS in which they are offered, or wheth&r the
valuation of characterlstlcs does depend upon the comnodlty in wh1ch
<

they are; consumed (1 e., a dlfferent ut111ty funct10n exists for each™ ..

alternative w}@re the valuation of characterlstlos may differ between .

- N . oot —

alternatives.) S . , . S -

~ . . i
Y

An- aZternatwe apecv,fw vatiable’ is one which is included"in ‘ L

‘the Spec1f1catlon of only one altemat1ve ‘whereas a genemc varlable

1s one Wthh is assumed ‘0o be valued equally in the ut111ty functlon of e

alternatlves. A generic varlable can be cons1dered to be a broad "g i

characterlstlc classlflcatlon or "abstract" ,c1a551f1cat10n.

* . "

Restr1ct10ns on the use of generlo varisbles do exist. 'In the.- L

case of the calculatlon of probab111t1es in the bmary log1t model

« v

varlables Wthh do net vary between alternatlves will dlsappear from 2w

‘the 5pec1f1catlon--as the comparatlve mechanism °is assumed to be. i:n S
iy ' X
terms of the dlfference ‘between modes. The Axlom of the Independeﬁce TR

-
-

- of Irrelevant Alternatlves in th%umltxhomal 10g1t model w111 not be g

*t».(’ ERLS
'

sat1sf1ed unless those’ var1ab1es mcluded in-a generlc form havé values

'-‘ B

whlch Nary betiween altematlves.. 'I'h1s lmuts the use of generlc vari-_ -,

~ ables to Level of Serv1ce charactenstlcs* as soc10economlc character~ %

“Srneaum—s
be included- generlcally_if they are used ,1n a form mdlcat:uz/;mter- |
.action with a genenc level of serv1ce var1ab1e. Behav1orally, thls -
would lmply that the variable influences a fmal ch01ce only in 1ts |

: mFluence on the valuat1on of. other varlables. S N

a




@;. 7."

o

B

_;nxodes" The authors make the mterestmg pomt’hat the. exlstence of _ e

Gl e e T L L . }:f‘.v e e \, ’

N

spec1f1c varlables 1s restrlcted toe 51tuat10ns whex;e all md1v1duals '

‘ly '
}
1

'face the same set of alternatlves.
‘0 P i
'J, . Y

.5 If soc1oeconomlc var:.ables are td be included in a‘n alternative
@

WCIfIC form they a{‘e mcluded as dunmy var1ab1é*s ,“ O for one

o

altematlve and 1 for the other 'I'hese Varlables would then be mterw

£

Qrpted as effects causmg shlfts in’ preference for ﬁhe alternat“ive in

> which 1t is spec1fled ' B TR AT .i" _ '*ﬁ‘-w A

‘* * . - . ‘ ;
C}mg.les River Assoc1ates [7] have exammed the 1ssue of alteu y /j
) ' v o “a Y
natlve specific Ve’rsus generlc var1ab1es in the mterest of ”\rovmg
p % o :
model spec1f1catlon for the purpose of mcreased_ model transferablllty, . o
X oot oL .

and for the pro;ectecL use . of the model for predlcti uregardlng "new

d1fferent estlma‘ted parameters for varlables between al?ernatlves *
(mdlcatmg, then _possible va11d1ty for variables to be 1nc1uded in. .~

alternatlve spec1f1c form) might be mterpreted as the effect of e

o un1dent1f1ed or, unobserved characterlstlcs Wthh mfluence the valuatlon

"4, 1 2 Addltlve Inclus1on of Varlables Versus Market g’tratlflcatlon |

of those varlables for- partlcular» alternatlve. 'I'hey argue that ”ln a
well\sge\/nfled model th.ch explicitly accounts for all attrlbutes that .. .
51gnlf1cant1y affect cholce the use. of a generlc representatlve of

1, of Serv1ce /v\aﬁ*fbles is justlfled ne

v N @ o

A cho1ce must be made in. terms of 'whether a varlable should be
included acidltlvely in the' ut111ty functlon or whether the market o

' should be segented accordi‘ng to those charactenstlcs. The issue is N

.- B i ﬁ'
e . . . :’_ P



) - ’ : " g,‘ R s - 69 .
U oW . -1
oo . : \.'. L . 3§ G‘ ? “ v
one of whether var,lables are o6BETed to have dlrect mfluence on. - .
| O
f1na1 cho1ces or vihether the ex1s€ence of certain characterlstlcs R
. ey ,,,wv '
/o 1nf1uence ‘instead the V’l of all other characterlstlcs and there- L
. - ¢ ('4,
fore 1nd1rect1y mfluence th& final ch01ce. 4 e T
o In th1s second case, each mar.ljet !ubgroup vfauld rep o ,
! o CE

: dlfferent range of 'mat umdependent chaz:acterlstlc. Behavmral‘f% thg.s £ e
. . JA‘ .ﬁ\ 'L;h

5 1 B
Jmplles that behae(rmr varles systematlcall)gﬁcross the strata.“ Diffﬁr- ‘3&‘7""‘?‘ A

ent parameters for' the var1ab1es across strgtawould 1n te that 5 e "&
S @ :
R md1v1dwals 1n~"d1f£erent ma,rket segments value charactemstlcs d1ffer-zEQ : % g

IS -
b

\ ently becaﬁbe an the attrlbute wh1ch they possess i common with other o
ECORE SR - P
;-'-.,1 members ‘of that» strata. Therefore one would expect that dlfferent

3 * N “r"":ﬂ“"",

‘market segment% rhight be dlStlIICt "in thelr travel beha,h' :

t}'ielr react%ons to &gwn changes m(ke\fel of erv1ce 5/_~ ENGY s.;7 .-"Ihi§ |

- ?s useful mfoma;on in a pol1cy sense in thaffl it gi informatlon to- @r} \\

pol1cy makers regard‘ing dlfferent reactlons to pollcy changes from ..

’

’ N Y

° d1fferent market ség nts. ' B .
' g"B Coa L . ‘; S
_ Market segmentatmn 1s common to marketlng procedures. - To the
' extent ‘that market segments are. 51g;nlf:1cantb 1dent1'f1able {n/d reIate
to either promotlonal strategles or serv;ce and pla:nnmg optlons

6?
. transportatmn planners €an -be more effectlve m the1r pollcy o
: e o v .

Stratzficatlon on the bas;s/oij;z#meconomc ar demographlc

Py ;Z G@E’q
: characterlstlcs is conmonly found in the 11terature.,lq— #’he varlables ’)"

K

Fe are mtended as. prox1es for culture or status Wthh would \ﬁfect the

valuatlon of other’ vanables. R . *v A T
Market segmentanon m1ght ho?ever, be on the b3515 of var:,ables
other than socmeccmanlc varlables, such as var:.ables rel_ategl‘ _ mstead

to the supply 51de LSegnentatldi could also perhaps'b;‘[ '_ baszs of

_v_-,...-—.-\w



»

v atﬁlthdmal surveysw Useful segmentatr n procedures mlght ‘also be
e constramts, 1 e., auto

. ‘on. the basis of variables reflectlng ch01

;- 4
- avallillgty, or altematlvely on the bas S of smtlal con51derat10ns

s 7 ..

St)ra 1£1cat10n on the ba315 033;" ¥ _1a1 conuder%‘t‘i!ﬁs could ‘

..-l

P

"N ._y-?‘ P .' Qb-
geneous in regmz;s of the &%an pl ce ,’ some 1%‘15% constramts, ’

Wthh mfluence bot the &uppl? 51de d Lmderlmg household* dec151cgs

’.’0 1-», 0 e vh 5" w:‘ w
affectmg travel behavxor 61 e. hoxpe ocatlon) , and p0551b1y also co:ld
. »y
1nc1ude relatlvely homa&peeus gmupl; w1§1 reSpect to demographlc _—
R )conslderatlons. - L -., . . e L B
. ;? ‘ A. . - . % . R h

One mlght ‘bry to approxmate thlS by usmg o centrlc Qsta,nce :

of tr1p origin from the tr1p deﬁ rhatlo‘ 3’5 a. ba515 for ntatlon. '

o~

'1th res_pect to.. (bst zght 1me) !

Ind1v1duals woula Be homoge

. ~‘;4§:.» ;

.._/
cﬁstance for trlps anck therefore have relatlvely smllar cost

patterns 13 It is less clear that thlS type of stratlflcatmn would .

\

. represent homogeneous supply side or ch01ce constramt 51tuat10ns unless - -

the urban area is arranged concehtrlcally in terms of 1and ‘use. "‘
4 2 ISSUES RELATED TO THE MEASURBVIENT OF SPECIFIC VARIABLES ‘

o

4 2 1 Level of Serv1ce Varlables e o Y

Money costs and travel tJme assoc1ated w1th each mode are

N

generally treated as. two of the more mportant 1eve1 of serV1ce - -

varlables affectmg transportatlon ch01ces..

w

\

(a) MoneyCosts 5 _
-’ . H"k

%’: . . Sm.difﬁculues can be encomtered in the deécnpnon o




e
~

b

L.

”
g

A

. - the
N

than the fam111ar out-of-pocket expenses.‘ Thls glves added we1ght" to ..

measurement of - these costs, *spec’mlly for the auto. One such'ui'ssge
1s the choice between using pef,cewed veh:Lcle costs or an .objective
calculated per-mlle dost. o ’

- Vehlcle costs -have trad1t1ona11y 1nc1uded such out of pocket
costs. as gas oil, parkmg and other tolls plus .at1 per—mlle charge for
mamtenance and deprec1at1on.l One could ea511y conce1ve of a varlety -
gf other charges that the autov user encounters mcludmg ffxed harges

.

such’ as capital costsvand mSerance However a di‘stmctlon s‘houldbe

3 actual vehlcle charges (e1ther margmal costs or xg;Lth

peroen?ed by the “user. f’ -

‘Because of our exmhasm on behavloral relat‘onshlps ~it seems 'w B
ey ‘

reasonable that the md’el‘%hould use, where poSs1b1e those values for

S

costs wh1ch the tr1p-taker perceJ.Ves 6 be ‘Valld These are the costs

upon which the dec1510ns are bas(d'"regard&ss of the correspondence

A ,
of those costs to any number of calculated charges" Importantly, also,

“ . »
most ea511y assoc1ated w1th J,nd1v1dual trlps.. »o " »/_//

It haa,been shown that auto us ’_ys may underest1mate costs other

the opmlon that reported data on perceived costs should be used when
ava11ab1e. ' |
- The d1saggregate modelmg procedure requlres data for all

alternatlves whether or not- tﬁey are actually selected Due to Survey

l should use Melvai maz'gznal costs,/or at Ieast GO§tS’ Whlch .

QT

madequac1es reported data on the mode .not selected is often not ava11-

able, in wluch case calculated out—of-pocket expenses must be used.,

S The calculatmn of trans:.t costs 1s stralghtforward as actual

- '«5‘ -0 T e .
_' "_

/ .

. ‘\,‘/

. [EETESE
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i

~

costs and percelved margmal costs Aare more likely to be ‘the same. 17

°" The calculatlon of auto costs is usually amultlple of straight 11ne

18 »

distance from or1g1n to &stinatlon $

I

V, An mportant cdm;ﬂnt of margmal t‘r1p costs 1s the parking toll
e

‘ c1ated ith each trip. d)ne faces the optlon of ,ymcludmg either,

g to s with automoblle charges and treatmg auto costs as total
ad‘to charges or of treatmg parkmg as a separate commodlty where the

-

. '_..-,separately. from other runnin‘g 'c#Irges. Jhe first

% ,':ognltlon of parkmg chou‘:e! 2% dlscretlonary dec1--

. sions separate f,rdm modal ;;hou:es. The use“of thﬁecoﬁd procedure

wouldbe in” recognltlon tha,t mdrylduals may have: separa{%e valv&atmns :'

72

of charges assoelated with- parking, and that 1t should be mcluded as a .

, R i
. separate level of service varﬁ%le ' :
_ sl .
One again faces the potential 1ack of reporté@parkmg J.nforma-
¢ tion for- non-auto ‘u%ers. _ However average per-hour charges can be

- .

calculated e1ther from the reported values of auto use,rs or. from the

: " ' publlshed fee schedules Jin the CBD from local ,Qarkmg authorltles.

P 4 . . o
w . : a - 4

(b) Travelee_v_ : y "."\‘;"

An extremely :unportant compo‘nent of total percelved cost of

‘$raarel«ef anw;ndlvxdual by ‘partlcular mode is the Qpportmlty cost
Tt R i ‘!\\ &— .v"’ ,\,q.} "09“‘*&"3
e of tlme mvolved in th use- of each alternatwe As 1nd1v1duals face

dlfferent conEf’r'a}'zts w1th respect to t1me the recognition of substl—

tutlon m and out. of alternatlves On the ba515 of thelr time mtens1ty

.151mportant.. v R . T

Some 1ssues ex15t m the measufrement of travel t1me for dﬁf&rent

altemauves., Flrstly, con51der the‘use of measures -of . total acc s .

‘ 1
_ tme for a mode versus measures of tme mvolved on dlfferent segments

P '.’,‘
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of tr1ps on each, altematlve. 23 One can calﬁxlate a "value of t),me" '

. by. examlrung the apparent trade—off between time and cost in the ut111ty
- .functlon 24 In using the value of total access time in the calculatlon \
,uﬂ' * ae , N

"of the value of time we would be assertmg that the traveller has equal a3

b

' valuatlon of t1me saved’ across all segments of the trlp. That is to

'say that m—vehlcle t1me ‘saved ‘would be valued as hlghg a,s reduced D

5! .
g me EER

walkmg t:une and these wo@.d be eth “to reduced waltmg t1me. Thls‘ L

1s somewhat countermtultlve in that we. mlght reagonably expect that .

- 3
“

.an md1v1dual values tune d1fferent1y m dlfferent cases 2 , k N
ry . KR S

Prev;l.eus studles 28 support thel,g1

E

é.’, Of segmentmg total o

te
A)
-

IR
- s

‘ access tlme mto the l;1fferent segments of the trlp ﬂw;“bcfam;.llar r

°

segments are\altmg\tlme m~ve1‘iic1e tnne and walking t:me. .7 ' T

P .‘,}‘ w0 (R0

"x r'-Segmentatlon is useful also in a policy sense 1f 1t can be: substantlated N
emerlcally that 1nd1v1duals have dJ.fferent t:une e1ast1c1t1es in dlffer- '
4 ent trlp segments, as pollcy makers presulnably view t1me related
attr1butes of dlfferent tr1ps as’ dlstlnct pollcy var1ab1es. _ f
| One 1s agam faced w1th the Ilternative of usmg reported or |

N

_"'pence:wed travel tlmes -of Varmus segments( versus engmeermg estlmates. S R

,would use. renorted est1mates of t1me costs -as ‘it 15 the md1v1duals

perceptlon o1 relatlve attr&butes of alternatlves. whl detgy{me,s_. : N
2 @ & TR - S .—',"" ST e
Nthelr ch01ces. T T T 2 AR s T

-

I { o .

-

T o) Convemence and Comfort ‘.‘,”

: r Other 1evel of semceﬁttrlbutes' &m be class:Lfled J.nto measures SO

<

: of conven1ence and comfort. Qua11tat1ve attnbutes sux:h as these are

,A.
o v s

d1ff1cult to 1dent1fy and, measure for ;he purposes of modelmg
- 'I'he classz.ﬂcat:.on of travel t1me by tr1p 'segments cah- afford us ‘,‘S

. . - [ERS - * Aot

. In practlce th1s w111 be determlned by data avallablllty Idealig one -

g
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'so@ mterpretatmn in terms of the 'c;onvenlence" of particular

[

altemat1ves. Waltmg, wal.klng a;nd transfer t1mes are more likely to

- reflect supply 51de charactenstlcs (especmllxﬁui“’ the case of publlc

| transit) t are sucﬁ/anables as m*-veh1clg tJme In-vehicle '_ ;‘g%;e.;
tme wouldh}corporate otaher mfluenceg. such as the "level, of céngestlon,,- | N

<, y , .1, . - . ] ;'. -> ‘
t:me of day or dlstance “From’ or1g1n to desmnatlon. o« © ,:j o T
."uy o B . . - o LA 5
. L NS N ’ « ' e c
R ;@ Waltmg tm in partlcular could be ;nterpretecf as a measu’re L & (_;'
” : ’g . ’. ‘ =y Vo ","ﬂ Yo R ;:“ - . LA (‘
of CmVen ' _expect waltmg t1me to be 1east er 1r1d1v1d— L 5

"t:wes charactﬁ‘aied B); t'_lthé! hlgh Ser\m:e

\r else con51stent--arr1va1 tmés ‘36_“ o5

Y ¢ . . ,‘ud_,& ‘v

lower serv1ce frequenc:.es and/or variable arrﬁal t:.mes will 11ke1y

frequenmes Alternat:.ves w1th \ I

i reporbthe highest wa1t1ng ‘times, and therefore suf‘fer ‘the largest e .

amount Of mc'bnvenlence.

e

L -- . .
AT G ay o b4 TR
B “-n\"u"

. v : )
If. mformatlon wafi"i"ants other measm‘es of convenlence §1d cont S 1‘

“ g . . v
@

A fort ca%ﬁbe used. Such varlables mght mclude the d1fference between »
estlmateduand actual time of arrnfal or. perhaps (fox%transn users)
. .

the ava11ab111ty of a seat for the duratlon of a tr1p.

.4

It 1 Jmportant in the calculated values for all level of serv1ce

tmes rather than average dally condltaons, so ‘a5 to resemble percelved

4 .

o 4 4 Lo
i Tmes as closely,as p0551b1e.' L _'~ st
. 4 2. z Socioeconomc Charactex;lstn.cs/{ ‘:. e L e
j_f . 'I'he choi%e emuronment for the md1v1dual mcludes both the' 1eve1i. . J

B of serv1ce attnbutes of ' "altemauves and the mﬂuem:e nf the

PSP POV
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rsonal ttrlbutes of the 1nd1v1dual which determme his tas‘ . and .
prefere Ces. Po entlally mportant personal _ 'characterlsucs 1nc1ude ' - ‘

socioec omic status, the stage in the fam11y 11fe cycle .and sex. From.

generated why:h mght help to explaln 1nd1v1,dua1 travel ch01cesf 3

Yk L
_en argued that the proper va‘nables to use in thlS ;

!

- \w1th1n these br,ad categorles several spec;f:n: varlables can be T 1
' I

1

It _has
~context are thosF relating to 1nd1v1duals total 11festy1 % Wthh is a
Gomblnatlon of varlous kinds of personal attrlbvhtes mter ctmg

3 .o toge:,ther in the creatlon of certam behav' g

T adaria e £

. 32
oo ch01qes. RN

b‘ .

l‘*;{ - Lt :‘

p.mportant but. must be mcluded w1th other varlables indi tmg Tole"

dlfferentiatlon, 11fe cycle stage and flexabnllty in: travel dec151on ’

Fomaking. 0 -

‘. ' In readlng the 11terature and comparlng appllcatlé@“’of dlS- o
' aggregate procedures one often comes upon a seenu.ngx contrﬁ&ictlon.

'I'he ‘theory. determ:mes that smegonomc varlables should not be T

¥ X

L

mcluded addltlvely, yet. almost all J.ncludlng the best papers in the
f1e1d mclude at 1east some of the socn.oeconomlc varlables addltlvely |
| “The theoret.lcal derlvatron assw}e;,homgeneous populatlon A
" groups. . Actual model appllcatlon w111 be over heterogeneous urbag
: »areas.- 'I’herefore 1t is p0551b1e to parameterlze these varlables and :

X by domg so reduces the dependence of the LOS var:l.ables on. the"'g

a‘* )

© dlstributlons of soc;oeconomlc varlables. _ Therefore t.lwirestmlon -
‘ ’ ¢ . f/ M

. of nonadd1t1v1ty of socmeconomc varlables w111 be’ relaxed \for

” ‘practzcal ,appl:.catlon of thls nndel ..... e
: i ‘

, A K e L S
.-.1‘-"‘-‘, o Co o oL e




(a) Income ,
A%

. Income as an add1t1ve mode specific explanator); y ab;e is a

‘purely economic or1entat10n to socioeconomic status and as such could

\a

be v1ewed as an mdlcatlon of budget constramt rather than necessarlly |

a behav10ra1\dmpetus to certam types of ch01ces (To the extent that
.hlgher income may mduce more travel, 1t may have a more 51g;nlf1cant

. ‘effect on nonwork mode ch01ce .) However when 1t is 1nc1uded in” a model
& -~

J‘m an addltwe form, it is mterpreted as a pure~ thift effect favorlng a

y ¢ .
'partlcylgr mode .showmg a hlgher "preference" (all else equal) for that A

,\mode than uﬁll\ﬁduals of a. lower income . /o R : g
N g of the mcome varlable in this fashlon can be found thf'ouglg
out the 11terature and CRA [7] establlsh emplru:ally that the.

excln.iswn of mcome spec1ﬁ1c varlables when in fact that behavmr is

‘ Janortant ! w111 result 1n other parameter estimates which are dependent

: upon the 1ncome dlstrlbutlon found in the samples. Gv" '\ e ,'

,,:.

W
One mlght w1sh to argue mstead that mcome affects dec151ons

through its mfluence on the perceptlons of other deC1510n varlables

(.'.

- it .own.t ThlS would lead one. to stratlfy the sample on the ba515 of

-

Income, in' a practlcal sense, is. often an awkward varlable to -

use. because of the d1ff1cultv in obtalnlng accurate data. Ind1v1duals

L4 v

' :seem much less w:ll:u!g to accuratelv report the1r 1ncome levels than

‘ . 14 .. \

- other measures of thelr soc10econom1c status. :_8' Therefore 1f mcofne
is to be used as an addltlve explanat&y var1ab1e Justlflcatlon exises =
'for the uses. of ranges of mcome represented by codes or even a s:unple '

'_dlstmctlon between hJ.gh and low mcune 1nd1v1duals. .-_'\' e

-t »

, .
LA B . N ’ S : T
- o o . : e —

as t1me or, cqst) rather than only havmg s1gn1f1cant mfluenge on °

income, or defme varlables combmmg ws and soc10econom1c var1ab1es« o

7

v i
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4 'lcould also reflect aspects of auto ava11ab111ty

A e % SO
o .

.b) L1fe Cycle ey

An mxporumt md1v1dual factor affectmg tastes and preferences

4

is the stage in the 1nd1v1dua1 (or famlly) ‘llfe £ycle. It is not

unreasonable to assume that tastes and preferences change. either as an

L indfvidual changks age, or as family age, size and composition change.

Variables reflectmg 11fe cycle can, be mcluded add1t1ve1y _or else
loglcally could be used as a ba51$ for stratlflcatlon ‘o -
| Variables used as prox1es for life cycle mclude age, mar1ta1
status and number and age of ch11dren (although th1s latter varlable

. Theuseofanyof

; of mfo Fiom, “and
e,

these varfables is cénstralned by ,the availabj
their usg irt the li'terafture ranges-froin the on %
',var1able J(an1cat1ng md1v1dual life cycle stage
dunmy var1ab1es reflect:.ng compos1tes of marriage, age and the number :
of chlldren. 8 ' '

c) Role D1fferent1at10n » _
| 'I'he chomce of a partlcular alternat1ve can be affect‘% by &3"‘

"role of the user. . 'I‘hJ,s mlght be 1n terms of famlly prlorltles regardmg

5%

the use ot a partlcular alternat1ve or else because of the relat1ve
. 'frequency of tr1ps between one famlly member and another, necessuatmg

) the 1se of a partlcular mode . % et
= The var1ab1e most often ‘used to reflect these con51deratlons 1s
sex, which is mcluded in the model spec1f1catlon addltlvely s a dmmny
\-

_varlable. Con51dera210ns such -as the above however can’ also be

e mferred from the mterpretatlon of &rtaln auto ava11ab111ty

measures. o / -
o C>4\ ‘

ge as a dunmy T
'] to. fam11y life cycle

- @
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d)A Auto Aﬂallablllty N |
»
The 11terature has shown that. some measure of auto ava11ab111ty .

is an 1mportant &termlnant of travel behavior.'® Jystification for L
the inclusion of .an auto ava11ab111ty varlgb(e could be in recogn‘r(l?n

of the”’ d1fference between those. captlve on a partlcular mode (transit)

¥

and ﬁose who actually can choose between two alternatlves It could .-

t- v & .
also be in recognltlon of the mportantjequallzmg effect that auto N

‘ownership has between two groups of otherw1se different . smloecom%% '

status..l',", - -

v Ve P
- Measures use& to reflect these choice conﬂjmnts have

. lb \

1) auto ownershlp (yes /no dmey varlable) A
- 2) namber of autos/household o o
3) T of autos/llt ed dr1vers '

’a:mbe gns ¥ - :
4) ﬁumber of autos/worker S S .

5) the use of both number of autos/llcensed worker and number of a R

ot

autosjllcensed nonworker L ey

6y. auto needed for work (yes/no dumny varinle) ) e
P It has been argued‘ (7] ?‘11: measures such as auto owner:s%'
’ Y R ST
* ?,'fﬁmﬁ"arlables or. number of aut /household reflect only auto

avallabrllty but do not address the problem of the ava11ab111ty of auto
l
~‘§or the vpartlcular tr1p in questlon, and that these measures d1$gu15e
s
the rea} problem of famlly competltlon for the’ auto at any one pomt
4s o _ T o. o . o SO
in_time.'” - L, , I e S

'.1

e ’I'hls 1s mre closely addressed by’ the use” of a varlable such as

A

number of autos/lltensed drlver or number of autos/worker but these

st111 neglect the questlon of whether competltlon exlsts for the se of

that velucle at a comc1dent tme In order to take mto account both
. .’- N . A fr,;;_ . : :



competltlon from other licensed workers (whlch presumably reduces auto :

ava11ab111ty for any smgle user) and competltlon from 11censed non-

it may be more expedient to- use’ two var1ab1es number of
46

ers,
%os/llcensed workers and number of autos/llcensed nonworkers.
) ' The lIife cycle mdlcator of the number of chlldren of certam
ilablllty

es (i.e., preschool) .can also represent facets of auto ava

' xowever dlffer:mg opmlons exist as to the nature and direction of , | |, 3
v\ f .

;[f the effect. It may be the case "that the ex1stence of preschool %uldren A 3

Pe

g.n a famlly reduces the mob111ty of that famlly, and therpfore "frees"

Kmt .
ey ,5I

.~ an aL;to for work tr1ps (1. e., reduces tompetltlon for the duto)"‘.‘gindw- )

e ' r |
) “éver, ?‘t may be true that preschool thldren are auto mten51ve (m :

terms of supposed J_mpractlcality of pub11c tran,sn use ‘or reduced

e

| schedulmg flex1b111ty) thereby J.ncreasmg nonworker competltlon for

- ) e
W,*% 5 o

the allto. . ." '.“ ‘ B - -‘ N 4 : . " . \a.

. E

The con51deratlons llsted' bove in the dellneatlon of relevant

varlables &or the model ser\re as the ba315 foz the dataé selectlon and

model spec1f1catlon for the analy51s ﬂn Chapters 5 and 6, to follow.

Actual model spec1f1cat10n, however, w111 aIso be constralned by data

’ h . A - . "A "
‘ava11ab111ty . .\“ IR ' o 3 R B
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e f-.a' SCRA (71, pp

x . . ’ Chapter 4 - . h : s

N R .

LS
e

 This 1mp11es a tradltlonal comon UtIIQ)i finction w1th , .
dnnmlshﬁi marginal utlllg for mprovements n. attrlbutes.. See T
Mey :

. Stopher bm'g [SO] “ J P
: . : - e - - .saﬁ(’ Lo
. ‘In tratisp%rtatlon case - thlS is known ps a "mode speC1fJ.c" e
‘varlable . . 3; oL s
, ‘ TN “ N Ty
s 3Such %mbles would be tlme cost, etc. , in the- genetal senseQ ‘
» & *

-«"Therefore the prev10us discussion™ of the restnctlons on the.use‘,
of socioeconomic varj i y aZspeci S€ ( e i :
. on the us of genericgiables. . AT B < W

4
-

GCRA [7]q C28—C 1:: ey ,conclude th1§i6ecause the study does S
not disprove: that”tlme or co$t is valued” abstraetly. This, they -find,= B
increases the potential appllcablllty of.,gthese modelmg procedures to "

>

_Q the pred1ct'10ns regardlng new todes. . P

. . N
N R

Letich example 1s thefP docunented msen51t1v1ty of h1gh income /}’
‘ changes 4 CRA [7], p -C9. : _ .

, rtatlo‘n Research Rbcords 649 "Preferences Perceptlons

4 Mients in Travel Behaviop,'! for a variety of artlcles &
related t6 ‘market segmentation. Partlcu'larly useful articles are
Stopher, P. [47], and N1chola1dls Wachs and Golob [37] '

~ .
s IR

9Re:u:hmam [44] suggests fl\ge requlrements for useful stratlflca- B
tmn pracedures: - o :

a) measurability - oo '

b) statistical robustness o

- c) substantiality - ‘ i

R . d) relation.to travel behavmr e My LT S,
A ) relatlon to plannmg and service: optlons. T SR B
R : - . c ’

I S 1°"[‘yp1cal Varlables used for. stratlflcatlon are mcome age auto
' ownershlp, and, occupatlonal group. oo , . *r, _

. - e ; <z, -
nFor mstance stratlflcatlon accordmg to agreement scales a.bout
congestlon or attltudes towayds LOS priorities, etc. NlChOlaldlS, T
.- Wachs and Golcb [37] make a camparison of the use of demographic.
varlables chox‘ce constramts and attltudmal vanables. They did find

e . L e Lo B . [
/ P . . . o S . . «



/ ' S e ,
. / ' oo - i, s
that segmentatlons of the. travellmg populatlon based on attltudes were
' found to have certain specific uses, but to be inferior to choice.con®
"kitramt se,gmentatlon for most plannmg purposes. Their work also
J.ricludes a b1bliography of other papers on the use of attjtudinal .
Ko @ . surveys. . i

\

~

S 12See [37]- 122] for study of the use of ch01ce constramts for :

stratzlflcatlon. . . i =
ar% 13These costs mclude ‘time costs, Ot’t-of-pocket costs and the . #.

1o of other charges (i.e., parkmg) to overall, trip costs I

: ll‘GasolJ.‘i‘le charges, parking tolls and other md1v1dua,1 tolls can
b§ considered to be marginal costs:, One epcounters, however, cost
locatam problems with other fixed'gharges (i.e. msurance) between. ;-
- work trips and other dlscretmnary’tra\rel. As these costs can be con-
51de1'ed sunk, they have no effecy behavior on a trip-by-grip basis.

°

15Wat:s;mr P, [57] b

15However, in recogmtlon of the dlfflCUlt)’ of peaturing auto -
costs CBA [7], pp. C81-C82, undertook a study to test the sensit1v1ty

of” the model results to various specificatidns of auto costs. They -

_found ‘that "wide variations jn assumed rurining costs do not si 1f1—
‘cartly’ alter mode select}on probabilities for disaggregate models : )

- » 2Although the theoretical consistency of the spec1flcat10n of ST

- such variables, J.S important, these results reduce, in-a practical sense, - . g
.-, ‘the importance 'of the: preoccupation with the correct Spec1f1cat10n of = - v
.- . auto costs) and imply ‘that effoft should possibly be spent on the”

spec1f1cat10n of variables when tle spec:lflcatloxr is thoe’lght to have, h
‘more inﬂumce o choice probab111t1es. ' e

T 17The trip-by-trip transit fares w111 11ke1y be the S’ame whether« S ' v .

reported by the transit. users or .collected from tran51t fee s edules ! L

- reported by transit authorltles. e . : o v, '

‘ 180 example of calculated costs ySed in [12} could be (on the L ;

~ basis of an average user at average ,speed) L : B

¥4 ~ K : 5 . ~

- S SR, _,=c(14) (D) !

_ C is. the cost of the ith trip o L Uy
R 1s the average running cost of a car/mile ‘ -
. (1.4) = real dlstance/stralght line dlstance . .
o D= stralght line distance.’ ‘__.-~~‘ 3 ' T,

: 19See D. W. Clllen [12] L&rfﬁ] for exten51ve dlscussmn of this
xe ISSUB - ~ o . e SR S
©, 20ps odtlmed by G1],1en, th -m&nglon of parkmg charges’ correctly
recognizes that there exist§ an éffe¢¢ on modal: selection. However, °
#  the sen51t1v1ty of mode choice to" es in parking charges may, be L
B overstated if c'parkmg is included in a total cost variable, If,”in‘: = .
fact, parlang 1s a separate dlscretlonary dec1sion, Teactions such a.s\

~ .
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parking relocation will reduce the observed effect on mode choice.
Also, combined variables are less ‘likely to be transferable to other
areas. .

2lye observe individuals reacting to time constraints by arranging
their consumption over time-related commodities according to the rela-
tive time intensity of each good. This is not inconsistent with
traditional utility maximization where a consumer maximizes utility
subject to a budget constraint, albeit in this case an expanded con-
straint including budget and time constraints. The consum¢r would
then be seen to allocate consumption according te relativeiprices, but
. where the price now includes both time and money prices. In the ‘
context of discrete choice, all else equal, we would observe switching
from one alternative to the other on the basis of significant differs
ences in time intensities. . :

<

22pnd therefore potential measures of the value of time.

23Total access time might be considered as the sum of waiting time
(transit), in-vehicle time, parking time (auto), and walking time.

2%The Value of Time is the marginal rate of substitution between
travel time and travel cost, keeping the consumer indifferent between ©
two modes. CRA [5], pp. 48-49, provide an algebraic estimate of the
value of time derived from a logit specification as B¢/B. (INC), where
Bt,Bc are coefficients associated with time and cost variables
. respectively, and (INC) represents the income of the individual.

257n particular, it is usually considered that waiting time is-
more onerous than either in-vehicle or walking time. This is sub-
‘stantiated by CRA [7], p. C89, 'Travellers' response to travel time
changes with the way time is spent.”

26See Gillen [11], CRA [7], and McFadden [30].

27Walking time might alternately be included in a type of '"total
parking‘cost'". Waiting time for public transit and 'park and ride"
modes might also include transfer time. r\\

28Any engineering estimates of time for 'trip segments necessitate
assumptions about the provision.of the service. One technique for
measuring waiting time for a public transport service is to use i x
(headway) for an alternative, regardless of the length of the interval.
However, as indicated by Khalil [20], this is likely only to be an
adequate approximation of waiting time for alternatives with high
service frequencies. For longer intervals, individuals will likely
arrange activities around an expected arrival time, in which case the
procedure .above will overstate waiting time. An alternative approach
suggested is to use different formulas according to the headway of the
alternative. A suggested formula from [1], [10] is 1.79 + 1.4 (headway)
for intervals larger than 5 minutes, and } (headway) for shorter ones.
It has been shown {20] that improper estimates of waiting time have

P v X e
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large effects upon the calculated value of that waiting time, where
these calculations range from 3 to 13 times the value of in-vehicle
time, depending on which specification is used.

Calculation of travel time for in-vehicle, walking and transfer
segments is basically straightforward. Walking time can be calculated
on the basis of an average walking speed x distance walked. Transfer
time would be based upon information given in published transit sched-
ules and route guides of local authorities. In-vehicle time is usually
calculated on the basis of a determined average speed multiplied by
the straight line distance between origin and destination, or in a form
similar to that of footnote #17. In-vehicle time for transit users &
would be similarly a sum of the average speed/link multiplied by the
shortest route distance on each link.

?%For instance, they could reflect such aspects of the supply as
number of necessary transfer segments, frequency of service, reliability
and the location ~¢ -ertain access points. .

*°Therefore indi“duals are able to arrange their activities
- consistently to 1+ imiz:. waiting time without the fear of "missing"
the service. ?

, " *'One might be able to use information on vehicle densities to
proxy this measure of comfort-.

32Reichman [44].
*3Flexibility in travel decision making includes such aspects as

control and timing (related to occupation groups or rough occupational
classifications) and freedom in the choice of mode (auto availability).

. See Tardiff [52]. . o
" 35See CRA [7], pr. C44-C49.

e Sete, -

36CRA [7], p. C33. ; | | :

, *7In fact, Tardiff [S2] argues that if socioeconomic indicators
are to be included additively, other socioeconomic measures such as : N
education or occupation might be more adequate in that they offer more :
of a multidimentional view of lifestyle and its effects on behavior,
and the effect of the income variable is reduced because of income
related effects on other socioeconomic variables.

) 3%This also might have implications for‘sampling procedures such ;
as choosing between mail-in versus home interview surveys. . - .

39Therefore_being interpreted as .a ''shift' effect on préferenéeé .
as was the case with -the additive .income variable. o v .
e co- -~ 1

, *It is reasonable that certain.LOS variables will be held in :
_different priority for individuals and families of different ages. 3




“ L

“!Age can also be interpreted as having an effect on social
engagement patterns which in turn affect travel choices. One would
expect this to be more 51gn1f1cant in nonwork trip mode choice rather
. than work trlp choice.

"“zThe literature generally indicates that females take less trips
than males; therefore sex = male be1ng positively related to the use
of auto mode. :

*3Nicholaidis [37], Koppelman [22], CRA (71.
l"'Rzz‘lchm::m [44], p. 41.

l"""Auto avallablllty" as a variable can also be defended on the *
grounds that auto availability acts as an inducement to taking trips,
but this also*’is likely more important for discretionary travel rather
than . work trip mode choice. It would only "induce" travel for the work
trip to the _extent that occupation allows other travel durlng working

- hours. . '

l”"One mlght expect that the - -importance of number of autos/llcensed
worker, will be more important than number of autos/licensed nonworker
as a measure of competition for vehicle. This is because of the obvious
usual coincidence of working times. However, to neglect the number of
autos/licensed nonworker would neglect the effect of competition for .
other auto , which has st111 been found to be 51gn1f1cant See CRA
(71, pp. C584€59. . £ : :

. 'l .—
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Chapter 5
DATA DESCRIPTION AND EMPIRICAL RESULTS

5.1 DATA DESCRIPTION

5.1.1 Sample Selection

Ideally, one would use indiyidual’reported data for estimation
of the disaggregéte model. Information on individual fr&p‘bﬁhavior,
characteristics of trip makers and reported LOS characterlstlcs are
available for the Ottawa/Hull reglon for the sprlng of 1975

The data to be used for fhls analy51s is a subset of a sample
collected by the Transportatlon Development Agency in 1975, which was
initially collected as part of,\ overall survey commissioned by the

%istw of Transport at that téme.l The original sample was collected
through return mail queStionnéi;gé, requesting information within the
broad cafegofies listed above. Ail of the individuals surveyed were
employees of the federal goverﬁmehf. / '

The specific'hypotheses underlying the development of the

questionnaire are documented,/as is information regarding survey‘
response rates, editing, coding and factoring procedures.? These will
not be discussed in detail at this point. However, the hypotheses

. underlylng the survey design are consistent with Chapters 2 and 4 of

this thesis, and the data received from the original sample had been

- edited for internal consisteﬁcy and completenéés.

From this large sample, observations were selected which had
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complete information on a number of important variables.3 This sample
of 934 observations included users of a variety of modes for work trips,
including vehlcle drivers, vehicle passengers, té&%, bﬁé, motorcycle,
bicycle and walklng A smaller sample of 827 auto drivers and bus users
for the summer of 1975 was de}ived from this sample.“ ' ‘ o,
As the data received from the Transportation Develbpﬁént Agency's \I
original sample waS'subjeéf to previous editing, only a few further |
adjustments were nécessary.
I. Captive bus users within fﬁé"city area were deieted.’oThis was
accomplished on the basis of response§ to questions‘regar&ing auto
availébility for work and the OWnershiﬁ of a dr%yer's license.

2. Ali respondents living gfeater than sixteen miles from work were .
deléted on the assumption that they lived out of .the city. There
was a large bfeaking point in the sampie at this diStance, with the _«)}

next highest reported distance being 23.5 miles.® This is a generous

. distance allowance to fulfill an assumption of éity location given
‘the size of the Ottawa/Hull area, but as the direction of travel lis \ -

not known, cross city travel must be taken into account. )
" 3. Obvious remaining coding mistakes and clearly inconsistent cost
:reports were deleted (i.e.; reported costs which wére inconsistent )
with time and distance 1nfbrmat10n) ) | .}
These three adJustments resulted in a loss of 60 observatlons,
leaving a final sample of 767 users fac1ng_a choice between the use
of the auto or public transit for wbrk trips. _ |
4. The analysis to follow necessitates stratlflcati?n of the sample on
the basis of distance from work zone to home. The sample was

stratlfled by two procedures, with the number of stratifications in
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each being arbitrarily equal to four. The first procedure (with
subsamples denoted as models 1, 2, 3 and 4) reflects a stratifica-
tion on the basis of a logarithmic scale. The logarithm was used
as an,arbifrary weight to equalize on the margin the burden of
additional miles.’ The secand procedure (with subsamples to be
denote 1s 1%, 2*, 3* and 4*).diyidegfihe saﬁple into equal
four-mile intervals. The fi;st procedgre resulted in more con-
sistent éamble sizes in each model than did the second_prqcedure.

The distance ranges (miles) in each subsample are shown in Table

5.1.°
TABLE 5.1
SUBSAMPLE' DISTANCE RANGES
o/ T :

MODEL ~ MINIMIM ~ MAXIMM  MODEL  MINIMM  MAXIMIM
1 0.0 = 4.3, 1* 0.0 4
2\ 4.4 6.8/\'-' 2* " 4.1 8
3 6.9 108 3* 81 12
4 10.9 16.0 4* 12.1 16

CITY 0.0 ® - 16.0

5.1.2 Sample Description

(a) Area

~ All of the respoﬁdents in the final sample live in the Ottawa/
Hull region. The area of dftawa/Hull providéé a reésonable metfopolitaﬁ
area for this study. The two major modes are clearly defined, i.e.,

there are no competing public transit modes in the area, so that public



transit reflects only one type of alternative. Also, because of.the’ ~

common employer of tﬁe respondents; the work areas are clearly defined

and were edited in the originél Transportation Development Agency sample
®:5 be in the CBD. | |

The usé of the Ottawa/Hull region could potentially provide a
problem for transferability'gtudies if these were to be done between it
and other metropolitan areas. One might wonder if by nature of 6eing
the ﬁationaL capital and the factlthat a-yajority of employees are
government employees, that the city is suffjtiently atypical to affect
the transferability of Otfawa results to other urban areas. This
problem is élimina;ed'in this particular éase because the transfer-
ability will be tested within the Ottawa/Hull boundaries. However, as
part of the transferability issuesz in the observation of common
preferences, one might observé ‘ ter results in such a homogeneoys
city than in other urban areg;TBsx; . |

One complicééiﬁ@ffactor in applying the followiné transferability
tests to the’Oytawa/Hull area is in the aggregation of these two centres
in the sample. One would éxpect large English/French cultural differ-
ences to exist between the twa, and cultural differences may, a priori,
-be expected to reduce fransferabilitybsucce55.

As the spatial stratification in these models is in terms of
concentric distance from the CBD, there will be a mixture of English/
Frencﬁ respoﬁdehis in each area model. lInformation confirﬁing the
cultural backgrounds'of]£he responden?s is not part of the sémple,v50
it is impossible to\determine the proportion of English and French in

each subsample.

i 4



(b) Timing of Trips

: Al]l respondents were asked to report travel behavior for the
u;b"rk trip. Therefore, within the limits of flexible working hours

| allowed by the federal germﬁent, the time and cost values r'epo_rted

reflect common peak conditions.

(c) Mode

As stated previouil)", the different modes available for response .

on the questionnaire were cléarly delineé.ted. This was especially use'—
ﬂ ful in the distinction between the two travel modes of "auto driver"
and "auto passenger''. All further reference to the "auto" mode‘ refers
to the auto driver rather than to the auto passenger.

~ The potential problem of defining the 'bus' mode“for respondents
living outside of the city len&s further weight to the decision to
‘delete them from the sample. They would eiEhef be likely facing a
different ''bus'’ mode than would city dweller§, or would be captive auto

9
users.

+ (d) Auto and Bus Travel Time

All of the time values in the sample are reported perceived
values for one-way travel. (It was récognized in Chapter 4 that the
use of perceived LOS information is more consistent with behavioral
modeling than is calculated data.) All respondents in the sample have |
reported time estimates for the mode ‘not selected, which eliminated the
need to calculate timé and cost vglues for any individualz. ,

Repbrted auto t.iJne ranged from 2 minutes to 80 minutes, and bus -
time reports ranged from 3 minutes to 150 minutes. The mean reported

auto and bus times for each distance range are indicated in Table 5.2.
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'Previods analysis by De Leuw Cather [8 ] of the original sample
\ from whlch this sample was drawn, compared perceived time values te
calculated time values for auto and bus. They 1nd1tate that, in
general, bus users underestlmated bus time, auto users overstated auto

time; and bus users highly overstated auto time. '’

() Auto and Bus Costs |
* . A1l co;t information %ndicated in the sample is also perceived
COéts for one-way travel. Bus costs were predictably similar within a
range of 25¢ tb 40¢ for one-way‘travel.' The.mode response was clearly
25¢. A marked increase in.reported bus cost is observed -as oge examines
distances implying out-of-city location, and bus costs reported for
distances to home zone greater than 16 miles from work approach $40.00
for one-way travel. Mean reported auto and Bus costs for each distance
model are indicated in Table 5.3.

. Previous analysis combaring perceived and calculated cost values
for the original Transportation Development Agency sample indicafed that
auto drivers understated auto costs and bus users much overstated

them.11

£ Walk‘;gne

- This information is partially available for auto users, and was
'specificgily stated in th; survey as "walk time ffém parking (to office."”
This potentially valuable infénmation wﬁs, however, incomplete even for
the auto ﬁsers, and a parallel question wﬁs not directed to bus users.

A variable reflecting walk time will therefore not be used in the model

specification.
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(g) Parking Costs

Auto users are surveyed as to parking costs, but the question
of potential parking charges is not addréssed to users of alternate
modes. The parkiﬁg information is quite complete for auto users.
These reported parking costs were classified according.to the reﬁorted
work zones of each respondent, and examination of these .indicated thét
average parking chargés did vary somewhat with the work zones. There-
fore, parking cost values were generated for the,remainiﬁg auto users,
andhgll bus users. The charge ascribed to each was the average’charge
paid in their respective work zones. It is recognized that this could:
provide a misleading picture of parking opportunity in that it does not
reflect parkiné availability. The averaging procedure used also reduces
the range of parking charges used in the models relative to the actual
variability in the sample. This makes it more difficult to discern the
effect of parking costs on mode choice. Parking charges reported range

from $0 to $55, with the average in the city-wide sémple being WJ2.37. o

(h) Sex

o Fhis information is available for the entire sample. The profile
of_the saﬁples is given in Table 5.4. A higher percentage of females
live near the city centre than live in'tﬁe outer distance ranges. This
probably reflects differences in family formation in each area, with

career-oriented families or singles living closer to the CBD.
. A

(1) Age
' Age categories were reported in all cases, where the age cate-

gories-on the survey were 25 and under, 26-35,-36-45, 46-55, and 56 and

older. These categories were converted to two categories, one with
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age.Iess than 25 years or else older than 56, and the other for age
reported befween 26 end 55 years (the agefgroup fer most workers).

The populatlon profile in these two groups is shown in Table 5.5.
There is a higher percentage of non "mlddle aged” workers in the area
models closer to the workplace than in the suburban zones of the study‘

area.

(J) Family Slze

Respondents were asked to 1nd1cate the mumber of chlldren 1n
the family in Varlous age groups Unfortunately, the 1nfbrmat10n is
very 1ncomp1ete “This will leave the model specification def1c1ent

with respect to thls proxy for both life cycle and auto avallablllty

(k) Income

Income group responses are available for all individuals in the

sample. The responses are codgll under seven categories: less than
$5,000; $5,000-%$9,999; $10, 0-$14,999; $15,000-$19§999; $20,000-$24,999;
$25,1700-$29,999; and greater than $30,000. The income profile of the

population is indicated in Table 5.6.

5.2 MODEL SPECIFICATION

- From 3.5, the equation to be estimated is

p2

tn —L- = G(x) =8, + B,X; + B,X, + . . . BX, (5.1
1-P, - ‘
]
where j =1 = auto (A)
j =0 =Dbus (B)
“and X, =MIN =T, - T, (differences in travel time) .
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x, = C0ST = C, - C, (differences in travel cost)

X, = PCOST'= reportpd or calculated parking charges
x, = SEX (1 = male, 0 = female)

X =‘AGE'(1 =25 <x <55 0= otherwiSe)

o X

INC (coded income groups from 1 to 7).

A ratio specificatiqn is also tested where MIN = TA/TB?
COST = C,/C, and PCOST = PARK/Cy. Comparison of the results between
- the difference specification and the ratio specification indicatee that
the ratios are less appropriate for this study. ] |
;jOne would expect, a priori,.that Bll< 0,8, <0,8,<0,8,>0,
B, > 0. Given the lack of ihformatlon in the -model about family size
and auto availabillty, it is more difficult to predict, a priori, the
eign 6f B,* ;One would expect 8, < O'if family constraints réducevauto

'availability for the primary worker and if this is a widespread effect:

" On the other hand, one mlght argue that if the male is a prlmary worker

and the auto is avallable then B > 0.

5.3 ESTIMATIONS AND RESULTS

i

5.3.1 Estimation Procedure

N,Itlhas been establlshed in Chapter 2 that logit ana1y51s repre-
sents§a procedure which estimates the probab111t1es for individuals of
choosing a/particular alternative An observed sample of ch01ces
represents selected random varlables resultlng from loglstlcally-
di§tributed probabilities, reflecting Weibull-distributed random
ut111t1es | -

The estimation procedure of Maximum L1ke11hood 'is conceptually

“consistent with this procedure. This-estimation method determines a
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Sgt of ﬁarameters which maximize a function describing the likeliholg
. . ~

-

of having observed a particular sample of random variables from a set “‘\\\

of known distributions. i - ' ‘
Maximum Likelihood estimation, which is well documenteg in many
sources, yields estimates which are uniqdé and have asy;ptotically '

.- _zable properties;12 The model is estimated in this case using the
LA LITIUM Likélihood Procedure'incdfporated in the LOGIT ANALYSIS section
of the SHAZAM collection of programmésf13 : ‘ 2 -

Estimation results will include the‘estimated parametérs of\the:v'b.
model, results indicating their statistical significance, the gdodneSs’”
“of fit between predicted and actual outcomes, and measures of sighifi-
cance.for the entire equatién. Since the pérQ?eter estimates have
asymptotic normal distribqtioné, asymptotic-t statistics are provided
in the results.. These test the null hypofhesis that each of the
parameters has a mean equal to 0. | | |

A tfaditional measure of goodness of fit is the multiple
correlation coefficient R®. An analogoﬁs measure can b& used for iogit Cd
anaIYSis,iﬁ_but'sincelthe model parameters w?ve only desirable proper¢

ties in large Samples such a'measu:e is also\reliable only for large

R -

samples. McFadden [29] [ 9] indicates that a more satisfactory measure
can be cbtained through the use of the log likelihood functions.'®

Greig [62] calculates a pseudo-R? measure equal to

L2 log A/N)

_ o(2 Tog Lo/N) °

1
1

McFadden [29] indicates that pseudo-R’ measures of 0.2 to 0.4 indicate

a good fit between predicted and observed action.
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Thé likeiihood ratio fest indiéétes fhébsignificahce of the
entire equation. When the results of a likelihood ratio test are
presented with estimation results, it is a test of the null hypothe51s
that all of the.coefficients are equal to zero. The likelihood is
calculated under the constraints indicated in the null hypothésis,
and then withoutvlhese constraints. The ratio'of‘these likelihoods is
denoted as X, and it can be shown (53] that {zlogx is distributed
.asymptotlcally ch1 square with K* degrees of freedom, where K is the
number of constraints indicated in the null hypothesis. This test will
also be used toA;est the.equality of the coefficients between models--
where the null hypothesis will be that  the parameters are equal,betwéen

.different equationé.

5.3.2 Estimation Results R S
‘5:3;2;1 ‘The use of a difference rather:than ratio'spé;ifications

Both the differépce specification aﬂdrthe‘fatio form of the
variables for time and cost have limitations. The difference formula-
tlon 1gnores proportlonallty in cost or time perceptlons A~five-minute
tnne sav1ng is given equal weight between a ten-mlnute travel t1me and
a 51xty—m1nute total travel t;me. The‘ratlo,formulat;on, while a110w1ng
fdr propoftionality in tHe perceptions 6fﬁtime and cost savings, could
impose rafher exfreme#assUmptidqs about that prdporéionality. For
example, a<f%ve—minute time saving in a total time of ten minutes is
 assﬁmed to have twice as much;weight as the same time saving for a
twenty-minute trip. This assumptibn could also be restrictife.

The estlmatlon results for the two cases are given in Table 5 7.

These results are based on estlmatlons on a c1ty—w1de model
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The results of the likelihdod ratio test indicate that both
models are significant and both models provide estimates of correct
®sign and reasonable magnitude. A degision to use the difference form
of the model specification for the follewing analysis is based upon the
relative significance of the two modéig;:and be;ause of thetlack of
a priori reason to select the ratio formulation despit@ithe lower model

performance indicated above.

5.3.2.2 Estimation results of individual models
~ The parameter estimates and test statistics for all models

estimated are provided in Table 5.8. All of the models are significant
at gfeater than 97.5% confidence. The.signs of each LOS va}iable are
in the expected direction in all modelﬁ, as is frué éiso of the income )
variablé.‘ There is considerable variation in the dirétfions of the
effects of the cher socioeconomic variables‘and the tonstants, but
these variables are not‘significant in any quels. Time difference
seems overwhelmingly to be the most important indepehdent variable,
‘determining choices_inlall models. .

| It seems glso that the parameter estimatés of the LOS variables
are similar‘across all models, although this must be éonfirmed By more
precise methods. o . | |

3

Once the parameter estimates for the model are known, individual . >

probabiiities.can<be generated through a transformation of the index ;
' G(x) to the individualiprobabilities P?r ~This transformation is o

achieved through

-G(x). °
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A logistic curve for each model can be generated which is the
’cumulative‘probability in each sample of takiﬁg the auto. These dis-
tributions are shown for each distance model in Figs. 5.1 through 5.9.

Summary statistics desgyibing each distribution are presented in
Table 5}9. These statistics include a binomial estimate for each model,
which in this case is the actual number of auto drivers as a proportion -
of the total sample. This is analogous‘to the traditional estimate in
a binomial distribution; indicating the number of "éuccesses” as a
proportion ?f a fdtal number of trials of a particular test. .
The estimated equivalent to the binomiél estimate is the expected

probability E(P) of taking e auto. This is the mean of the estimated
distribution of individual probabiiities generated from the model.
Table 5.9 also includes the expected variance of the estimated probabil-

tity distribution E[P(1-P)] ‘and the mean values of the calculated ihdexes

E[G(x)] for-each model.!®
P

1

Fig., 5.1

The cumulative
distribution
function for
the city-wide

’ model (0-16
o miles). -

600
~-6.9587 . | 8.860
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Fig. 5.2

The cumulative
logistic func-
tion for model 1-
(0-4.% m)

. G(x)
-5.1991 o 2.3820

Fig. 5.3

The cumulative
logistic func-
tion for model 2
(4.4-6.8 mi)

4.6833
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Fig., §.4 . _
The cwmulative
togistic func-
tion for model 3
{6.9-10.8 mi)

\ G(x)
-3.6167 - . 12.612

Fig. §.5

The cumulative
logistic func—
tion for model 4
(10.8-16 mt)

N

| ' - G(x)
. =1.3647 7.7072
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: 1
)
FPig. 5.6
The cumulative
) logistic func- .
- tion for model 1* )
(0~4 mi) o
N k%
C o
‘ : G
-4.2913 ' » , 2.3458
P
a 1 . - -
9‘
U Fig. 5.7 ;

The cumulative
logietic func—

« tion for model 2% .
(4.1-8 mz)

)

. ‘%J
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Fig. 5.8

- The cumulative
logistic func—-
tzon for model 3*;
(8.1-12 mi) R

3.5 : .G
-3.5796 . | “ R 17.867

Fig. 5.9

The cumulative
logistic fune—
tion for model 4%
(12.1-16 mi)

’ | —— Gx)
-300860 ’ ” . -‘ e . 6.6820
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1. From Table 5.9 a compé&iSon ofﬁfhe actual proportion of aufo users and
‘ ;;thé’estimated proportion E(P) indicates that the model performs well
in the estimation of thgsmodel split between the auto and the ‘bus.

2; The results indic;te that there is a generally increasing pattern

of auto use as one moves away from the city centre, although the

p}op0rtion of auto users in each sample does not vary widely.

3. There is a wider variation in probabilities near the city centre

than at a further'distancé, indicating a wider variation in observed
'characteristics of individuals and alternatives. The area models
3 and 3* show the least variance in individual probabilities.
4. The mean valués of the characteristics index G(x) show an expected
~ pattern of increasé as one moves away from the city centre. This
reflects mainly the increases in time and cost difference facing

the individuals. ‘

‘5.3.2.3 Elasticity calcu:ations

 ‘The‘e1asticity formulas derived from Westin's aggregation

procedure (described in Chapter 3) describes the sensitivity of changes

in the probability distribution to changes in explanatory variables.

| The elasticity between the expected proportion of auto users E(P) and

chénges in the mean values of G(x) provides the causal link between

-policy-related variables and behavior which islreQuired by policy -

makers. : o
\ - _ B w E[P(1-P)] -
The elasticity measure, E = E(P) borrows information

from the distributiqn of probabilities (Table 5.9), parameters of the

" observed preference of'individu31$°(Table 5.7, aﬁd barameters{of the

characteristics distributions’in each sample. The mean values of LOS
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variables are indicated in Table.S.lb. ' This distributional information
is combined with information summarizing individual hehavior in order
to calculate elasticities for each model (see Tahle 5.11).
Several observations can be made about tbese elasticitieé: =
1. The elasticities vary as one moves across the city.
2. -The t1me elast1c1t1es show an 1ncrea51ng pattern as dlstance from
the city centre is increased. These peak in areas of 3 and 3
- and drop off again,for those located at the farthest dlstance‘from
the city'eentre. This is likely because of increasing time
deviations between modes as one moves away from the city»cehtre;
3. Individuals in these samples are more sensitive to time sevihgs
than they are to cost saVings. This might reflect thevhigh average

incomes of the c1ty

4, One would expect therefore that the areas which.have the hlghestr

time elasticities would have the~lowest cost elasticities. This .~

relationship‘does not hold, especialiy for area model 3. ThiS'leads
one to suspect that other effects mightche captured in the time
- responses for that area. | | |
5. ‘?he‘elasticities with respect to parking oosts seem'to increase as
one moves farther from the city core. Interpretatlon of the pattern
of parklng elast1c1t1es is d1ff1cult espec1ally due to the lack of
more detalled 1nformat10n about parklng behav1or '7 and due to the
o def1c1ency in the measurement of the parklng costs through
averaglng Also since the elast1c1ty is a random Varlable |
'bompose& of behav1oral pgrameters of questlonable s1gn1f1cance in

some base. models (see Table 5. 7) “the 51gn1f1cance of .the elast1c1ty

measure 1tse1f is questlonable..‘

/
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>5.$.2.4 Tegts of>fré£sféfébilit§

If a policy maker does not have access to information from a
base model for a specific area in order to calculat? elast1c1t1es for
‘that area, then it may be p0551b1e to borrow thlS 1nforﬁat10n from other
models. The constraints in the use of this procedure depend»upon_xhe
outcomes of testsffbr transferability. - - .

One test for transferability is the Likelihood:éatio Tesf, where
the null h&pothe#is is tha£lall or a subset of the coefficients of the
models are equal across distance-stratified models. Thesé.tests will
be dome dt three levels. .2
1. A tést of the hypothesis that the entire model is transferable

across nine dlstance mocels. | -
2. A test of the hypothe51s that the parameters of all LOS variables
are transferable. '
3.. A test that_bhé parameter>of eq;h séparate LOS.vaiiéble is.transfer*
" able across the dlstance models. |

The test statlstlc -Zznx is dlstrlbuted asymptotlcally chi
fsquare w1th K degrees of freedom As prev1ous1y 1nd1cated K* is the
number of constralnts 1n the null hypothe51s and A is the ratlo of
11ke11hoods of a restrlcted‘and unrestrlcted model. _

The transferabllltx_test 1nv01ves the estimation of ‘the model
on a restricted and unrestricted data set for each pa1r—w1se.comb1nat;on
'of.thé ninegdisﬁance.modéls. Suppoée foi:iliustratiOn that an:éntire
vector o%'coefficiehts is tested bétween two aata sets of equal size.
| The restricted data set.involves K* pérameters constrained‘in fﬁe hﬁll
hypothesis ‘and is estimated on a combined saﬁple~bf 2ﬁ§K* observations.

. The unrestrittedvsample would have 2nx2K* observations. Teéts on
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’sUbsets of coeff1c1ents ‘would 1nvolve a restrlcted sample of
V[ZnX(K*+2(K-K*)] observatlons and an unrestricted sample of 2nx2kK*
observatlons |

Fortunately, Westin ahd Watson [59] state an'equivalent and less
' complicated procedure‘where the likelihood of the unrestricted sample
is the preduthof the likelihoods of.the two separate data'sets. This
simplifies the procedure considerably.‘ | ’

Tables 5.12 to 5.21 show.the’talculated test statistics for the‘
two stratification procedﬁres under the question of the transferability
of specific sets of variables. | |

The test results .are most clear when 111ustrated dlagrammatlcally
as they show often wide varlatlon 1o Flg%res 5.10 to 5.14 indicate the
values of the test statistics for each combination of data tested, and
cr1t1cal levels of confldence | ‘ 

The fbllow1ng observatlons are made about the test results
1. The test statistics dlsplayed in Fig. 5.10 where the hypothe51s 1s

that the entire equatlon is transferable 1nd1cate that the
| o hypothe51s cannot be reJected at any reasonable level of confldence
waever, two plausible - explanatlons ex1st fbr these results ‘One is
fthat transferablllty is strong, and that the coeff1c1ents of all LOS
and socioeconomic varlableS'are transferable between the samples. -
This_would indicete that the model has identified representative
-and common portions'of utility. The other is that the acceptance
of the hypothe51s of transferablllty is due to the liberal degrees
of freedom allowed to the test statlstlcs given that many of the

'SOC1oeeonom1c variables. are insignificant at reasonable levels of

- confidence. If the constraint ef the equality of thevsocioetonomic
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TABLE 5. 12

LIKELIHOOD RATIO TEST STATISTICS FOR LOGARITHMIC MODELS 1- 4
. WITH SEVEN DEGREES OF FREEDOM

City - T 23 - 4
(0-16). . (0-4.3)  (4.4-6.8)  (6.9-10.8)  (10.8-16)
m mi ‘mi mi Comi .
%3t{5) - 2.98 3.16 5.84 0.484
: : 4.78 9.6 |
(0-4.3) - - 4 . 9.66 0.964
2 R e g | ca
(404-6.8) ' - - " ' he 1-54 )
3 | ] ,
6.9-10.8) - ' . - T 2.704
TABLE 5.13

LIKELII-DOD RATIO TEST STATISTICS FOR EQUAL DISTANCE mDELS 1 -4*
. WITH SEVEN DBGREES OF FREEDQVI .

/

©-16)  (0-4) . . (4.1-8) (8.1-12) .  (12.1-16)
mio. omi . mic mi Cmi
City " 362 - 1.712.  5.614 5,13
0-16) . ' | _
1* . o . - . i : ’
T T X R - 6.13
<JE - - U 6.068 o 3654
ey S B o |
3 - N 8.064
¥
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TABLE 5.14

LIKELIHOOD RATIO TEST STATISTICS FOR LOGARITHMIC MODELS 1-4
WITH THREE DEGREES OF FREEDOM

2

City 1 : 3 4 .
(0-16)  (0-4.3)  (4.4-6.8)  (6.9-10.8)  (10.8-16) -
- - mi mi mi mi mi
%33{6) - 2.5 3.12 4.5 2.44
1 4.44 7.24 ; 744
. (0-4. 3) - - . = . . -
2 7.08 1484
(4.4-6.8) - - - e ’
3 ) ) _ : :
(6.9-10.8) - ‘ , 2.044
TABLE 5.15 .

LIKELIHOOD RATIO TEST STATISTICS FOR EQUAL DISTANCE I\DDELS 1*-4*
WITH THREE DEGREES OF FREEDOM

k8.1f12)

" City 1* 'z*' 3* . 4*
(0-16)  (0-4) (4.1-8) © (8.1-12)  (12.1-16)
mi mi ~mi mi mi ‘
& :
R A - 3.16 1.0 5.414 2.43
1*- ; .
(0-4) - - 4.64 8.3451 3.09
2* a ‘
A - - : 5.274 1.63
* . : .
3 - - - 4.864.
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TABLE 5.16

'LIKELIHOOD RATIO TEST STATISTICS: FOR LOGARITHMIC MODELS 1-4
WITH ONE DEGREE OF FREEDOM (MIN)

City 1 2 3 4
0-16)  (0-4.3)  (4.4-6.8)  (6.9-10.8)  (10.8-16)
mi . omi . mi . mi mi
o) - 2.24 1.78 4.26 0.02
L - - 2.46 7.06 0.644
(0-4.3) ) - :
2 - - 5.86 0 444
(4.4-6.8) B - : A
3 - - - 1.940
(6.9-10.8) - , n :
| TABLE 5.17 ° A
LIKELIHOOD RATIO TEST STATISTICS FOR EQUAL DISIA ELS 1*-4*
WITH ONE DEGREE OF FREEDOM (MIN) '
Cocity 1t 2 3* 4
(0-16) - (0-4) .. (4:1-8) (8.1-12) - (12.1-16)
mi mi - omi - mi mi
235{6) - 2.6 0.48 4.35 0.93
0-4) - - 3.38. 8.014. 1.29
. 2* ‘ ' ) ‘
T4.1-8) - - - 3.214 0.61

*J

3 . : . .
(8.1-12) . - - - : - : 2.524

118
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LIKELIHOOD RATIO TEST STATISTICS FOR LOGARITHMIC MODELS 1-4
‘ WITH ONE DEGREE OF FREEDOM (COST)

'y

TABLE 5.18

City 1 2 3 4

0-16)  (0-4.3)  (4.4-6.8)  (6.9-10.8)  (10.8-16)

mi mi ‘ mi mi ; mi

e - 0.88 1.14 0.34 0.064

. X - 0.246 1.18 0.210

(0-4.3) : ' B . S o

2 - - 0.48 0.404
(4.4-6.8) - - -

3 | | .
(6.9-10.8) : - - - 0.064
TABLE 5-19

LIKELII-DOD RATIO TEST STATISTICS FOR EQUAL DISTANCE MODELS 1 *q*
WITH ONE DEGREE OF FREEDOM (COST) -

City 1* 2* 3* a*
(0-16) 0-4) . (4.1-8) - (8.1-12) (12.1-16)
mi mi mi mi mi
PR - 1.02 0.82 0.954 1.95
1* |
(0-4) - - 2.42 0.854 . 2.91
2* ' ‘
(4.1-8) - . - - 1.534 0.99
‘3™ 5 | |
(8.1-12) - - - i - 2.244

119



NG 120

TABLE 5.20

LIKELIHOOD RATIO TEST STATISTICS FOR LOGARITHMIC MODELS 1-4
WITH ONE DEGREE OF FREEDOM (PCOST)

kel

(0-16)  (0-4.3)  (4.4-6.8)  (6.9-10.8)  (10.8-16)
mi mi : mi mi. mi
. . s d V\
City - - 0.88 0.202  0.80 0.124
e ) | . o i 12
1 ' 3.7 62 0.204
(0-4.3) - - : 1. .20
2 | 02 184
(4-4—608) - - - . 2' 1- 8
-3 - - - o o064
(6.9~10.8) :
» |
TABLE 5.21

LIKELIHOOD RATIO TEST STATISTICS FOR EQUAL DISTANCE MODELS 1*-4*
. WITH ONE DEGREE OF FREEDOM (PCOST) .

City ° 1* 2k 3* 4*
(0-16) (0-4) - (4.1-8) (8.1-12).  (12.1-16)
mi mi mi mi ‘mi
'%E)l’é) - 0.8 0.64 .~  1.994 0.75
‘ 1* . °
(0-0) - - 0.16 3.314 1.19
2* \ | .
(4-1"'8) - - ) v - 2.179 0'53
x® . ' . :
3 - - - - 0.504

(8.1-12)
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b 7 D.F.
.005 — — S
010 = : ' ‘ I S .
‘025
.050 - - reject H, = 95%
' confidence
-100 - reject H, = 90%
confidence
+250
2
b / _
\
\ /

500 A~

A/ WA v

CI C ¢ Cc4 12 13 14 23 24 34
C1* Cz* - C3%  C4* 1%2* 1*3% 1%™* 2*3* 2%t 3Rt

.990

Pig. 5.10 Likelihood ratid test statistics where Hy, = equality of
coefficients of entire equation across all samples.
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Fig. §.11 Likelihood ratio test statistics where H, = equality of
o coefficients of LOS varzables across aZZ samples.
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_glfig. 5.13  Likelihood ratio test statistics where H, = equality of
‘ COST coefficiente across all samples. .
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variables was relahed, then in this case cne might observe almost

identical test statistics but at 10Wer.degreesxef“freedom. This -
would make it more difficult to accept the hypothesis’of transfer-
ability. | | L ‘ | |

2. The'secohd explanation above seems to be confirmed when one examines
the results displayed in Fig. 5.11. ‘The values of the highest
original test statistic have decreased slightly, but remain high
eneugh at three degrees of'fteedom'to reject one case at 95% confi-
dence and two others at the 90% level. h | v

3.\ The hypothe51s of transferability has not been systematlcally
reJected by the majority insubsample comparisons.

4. In almost all cases,.the highest value of the test statistics for
the LOS variables are for distance models 3 and 3*. Howevef, good
‘transferability is indicated'between quite $patially diferSe

"populations suth as between .anodels 1 and.4,;and 1* and 4*. This
imitially indicates that there may he.unobserVed effects eapitalizedfk
in the-hOS variables in the areas (3) (3%) which are not preseht in
the other samples. | | |

‘5. The pattern of results becomes less dependent upon the stratlflca-
'tlonlprocedure, as t?e less significant soctqeconqm;c var;ables are :
removed from the test.

A sihiiar set of tests“en single eoefficients, on a variable—by-
variable besis between samples, serves severalfpurpbses One is to |
further pursue the results aboveL-ln this case be1ng ‘the suggestlon that
the less 51gn1f1cant pcost and cost varlables 1nf1uence the test. in -
making it ea51er to accept the hypothesis of transferablllty The = .

second reason 1s to examlne whether each of the LDS var1ab1es test
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* results are of a "s”imilax’" pattern, and are as indépendent of the
_ stratification procedure as seems to be. ihdicatéd in Fig. '5 11.
By exammmg the results in F1gs 5.12 t0 5.14 we observe that
-1 The time coeff1c1ents show a strong pattern of transferablllty
'success which is seemmgly independent of the stratlflcatlon
.procedure._ | 7
. 2 ;The time results show mixed success between areas, with transfer-
ability being Strmgly rejected between areas 3 and 3% and the
other models, but generally being accepted between the other
: reglons ' | A
3.', The cost and parklng coeff1c1ents seem to be generally transferable
w1th t:vo exceptlons in pcost but with a less obvious pattern.
' The test results are much more dependent upon the sample selectlon
than are the time coeff1c1ents
| 4. By comparlng the s:mllarlty of Flgs 5 11 and S. 12 it seems .
that the general LOS test was welghted by the. strong results of
the t1me ‘test, and that smularlty of the results in Fig. 5 11 is
more 11ke1y due to this effect than was due solely to the removal i
of socioeconomic variables. R
The special pattern of results,. for areas.3 and 5+ wartant further
discussion'. o |

._4'I'heoretically, transfe_rability failure is due to nonindepéndenCe

L between Aunobservab'le 'and observable. characteristics Fallure to trans-

~ fer the coeff1c1ents in th:Ls Case, must therefore be. due to the t1me
_ coeff1c1ent capitalizing some effects not captured. m the model but
'correlated to t1me differences. In practice, this cou_ld be due to

'~ inadequate modelvspec1f1cat10n as well as'ndnindependence.ef ‘unobservable .



" and representative prefetence’s - If the model was gene'rali)/' mis-
spec1f1ed however, one would expect a 1arger mix of transferablllty
success and fallure mvolv:mg more. varlables 2in more areas.

These results must be explamed in terms of a model mi:

: spec1f1cat10n affectmg the time difference variable for areas 3 and 3*.

Exammatlon of Table 5.22 mdlcates that some individuals in
areas 3 and 3" seem to be dis'advéntaged'with respect to some time ‘and
cost variables. ’Ihis."is not an unJ.ikely result, as these may represent
~ areas 'which are-quite far fr'ombthe city centre, but niay not be far
_ enough to have received the benéfits of better }ughways or special

express bus serv1cel such as one might expect for distance areas 4 and

\

* (10.8-16) -

a*.
“TABLE 5.22
COMPARTSON OF REPORTED RANGES FOR TIME AND cost
IN OUTER DISTANCE MODELS
&
BETWEEN AREAS 3, 4 BETWEEN AREAS 3*, 4%
- (Miles) - . Low = High .(Miles) Low High
arto t (3) (6.9-10.8) 10 60 ° (M. (8.1-12) 10 . .60 -
4 (10.8-16) 10 60 - (4% (1_2.1-16) 12 60
bus t (3)  (6.9-10.8) 15 150 (3*) (8.1-12) 20 150
S @) (10.8-16) 15 120 (4% (12.1-16) 15 120
Cautoc (3 (6.910.8) 2. 100 (3% (8.1-12) 4 120
@) (10.8-16) 2 - 120 @Y  (1z2.1-16) 2 70
bus c (3) (6.9-10.8) 4 90 (3% (8.1-12) 4 90
@) 5 66,/ (M a2l1-16) 5 66
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It could be p0551ble that the trans1t planners compete w1th the |
auto in these areas (where they are constralned ‘from doing so by t1me
or cost reduction) through the offerlng of special services to counter-
'.act the disadvantages. Such aspects as comfort or convenience for
example, could be closely correlated with time costs. We lack adequate ]
prox1es fbr thls analysis for these other variables wh1ch may then
systematlcally differ across d1fferent parts of the c1ty

In general in testing for transferablllty across space, t-
var1ab111ty in service levels between part1cular areas (and when .nhe
serv1ce levels are in dlfflcult to measure or are unobservable effects)
‘may cause- nontransferablllty of results. ‘It is probable that these
"serv1ce levels will be correlated very closely to distance, . w1th the
‘ dlstance dlsadvantage for transit be1ng reflected 1n travel t1me
* (Fares usually do not differ 51gn1f1cantly ) |

Trans;t,authorltles will have to co nsate:for‘thme.disaduan-_

tages of distance in'increaSingly large urb v_Centres'in order'to
_vpreserve ridership This would be reduced in ities where the auto does
fnot have such a, large time advantage over pub11C‘tran31t (i e., where
'hlgh-speed publ1c tran51t modes are available, or in smaller urban

- areas where dlstance dlfferences are less pronounced) _ |

.. Examlnatlon of -the reported mlnlmum and max1mum cost d1fferences
for areas 1n these models seem to support thlS hypothes1s. These are

contalned 1n Table 5 23. It 1s therefore suggested that the var1ab111ty

o 1n travel times between modes is one of the relevant varlables to be

ékamlned in the a priori expectatlons of transferablllty success.
In thlS ana1y51s there does not seem- to be enough systematic

.preJect1on of transferablllty of all: coeff1c1ents to reJect the notlon
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' of transferability across .space per se. .

v " TABLE 5.23
'MAXIMUM AND MINIMUM REPORTED MIN FOR AREAS 3,4 and 3*,4*
T,-T, =~ Llow High ‘

3  -115.00 10
4 -100.00 © 10
3* -115.00° 10
4*  ,100.00 0

' 5.3.2:5 Predictions vusing trans'ferred parameters
' The ultimate benefit from tests of transferability will be in the
hvimplic;:ations f.or’policy malkers At this point we have merely estab- |

y lished that we cannot reJect totally the 1dea of spatial transferablllty

., of coeff1c1ents w1th the Ottawa/Hull area, and that the case of strong ®

<reJect1on observed mlght have WW
to compare the predlctlon results for populatlons havmg borrowed
‘parameters from other populatmns Such predlctlons would be in the

estimation of modal spllts and elast1c1t1es generated from parameters

 of different models G1ven that there is- eV1dence to support transfer-

o ab111ty in general a few optlons are - avallable to the pOllC}’ maker to

-~

make use of the mformatmn — :_4

Suppose that the c1ty planner has an est:.mated city model (or ,

JORRPY

" other subarea nbdel) and distributional mfonnatlon on subsamples of
his. populatlon - One* way of takmg mto account the fact that elast.1c1- -

ties w111 differ across urban space is to use only the new distributional

i,

mfonnatlon and calculate new elast1c1t1es In _thlsl_analyus, using

~only the mean values of characterlstlcs as new .information,' and using

a base city model, we get the following results (Table S. 24).

S
g
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It can be seen that the general pattern of the elasticities is
éreserved, although of céurse tﬁe,range of elasticities is considerably
reduced. In all cases except tﬁose marked - * ab6§e{ ifffhe original

“elasticity is considered to be the ''true value', then these néw
elasticitiés are closer to the true values than is the city-wide
élasticity; This implies that the distributions of characteristics are
important to elasticity calculations. Howevef;'all-the elasticities
above are random variables, and this pattern may not hold in other
cases. This rather naive methodoiogy of course imposes an assumption:
of transferability of all of th¢ information required in the elasticity
exéepf.specific distributional statistics.' ‘ |

Déspite this rather restrictive assumption, in this case above;
the policy maker has-es%imates of elasgcities more losely'resémbling
the."true” calculated values than if this methodology héd not been
applied. |

Lﬁithough.the new elasticities are closer to thg real values

£

than the city-wide elasticities, there remains a<lafge amount of differ-
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ence in their magnitudes. This implies that a potentially more accurate

method to calculate these elasticities (without a new model) would be

. to generate new diStributionai'information using the city-wide coeffi-

cieﬁts, and then to generate.the elasticities. Westin's SB distribution

is such a generated distribution.- This prbcedure requires exactly the
same input as one would already have if one'wére_to célculate the
elasticities using thé imhediately precedingyapproach. ‘“v"

The calculation of the.SB distributibnAis described in ghapter 3,

which has a probability dehsity function equal to (3.6).



n(5—s

19)

This distribution has parameteie (u;0) which are linear combinations of
the information which the cit7~ lanner already has from the city base
WS By and o = BEB” as previously described in Chapter 3.

The descriptive parameters (u,s) to be used in the generation of
the-SB distribution.are contained in TableQS.ZS. The SB distrihution
can be generated with numerical infégratibn procedures. The summary
statistics forvthe distributions which will be used in the calculation
" of new elasticities (and E(P) for its 1§merpretat10n as an expected

proportion of travellers of taklng tg\'auto) are recorded in Table 5.26.

133

The models C1 to C4* once again represent subarea models which have the

SB‘distribution cdlgﬁlated from coefficieht? of.the city-wide model.
Pbtehtially, all Subafea models- have generated probability distributions
'using,each-other‘area. The generatien of theSB distribution~i§,
however, a complicated procedure, and it is felt that the use of the

| %ity-wide model will'suffice for purposes of illustration. _Also, the
c1ty-w1de model will most usually be the model that is avallable to
pollcy makers, and would be used to generate lnformatlon about ‘its sub-

]

areas when necessary. ' o
We can determine the success of Westin's procedure by comparing
the distribution moments E(P) for each subarea in.Table 5.27 with the

corresponding moments from the actuel subarea probability distributions.
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e
The moment E(P) s chosen for comparlson because of it$ pOllCY

implications. We are also able'to compare the quallty of predlctlons ’
. with“transferable models by comparing these momerits generated through

the use of the coefficients of city-wide models. Both of these

comparisons can be made by observing the results contained- in Table
5.27: }

" We see that the aggregat1on procedure itself performs well o
The E(P)SB are w1th1n theeone percent actual E(P).*° (The E(P) of even o
the -actual probablllty is 1tse1f a random var1ab1e as has been estimated

| from each subarea model ) ThlS is also true for E(P)SB which are the
models generated u51ng the c1ty1w1de coeff1c1ents. This also seems to
hold- for areas 3 and 3* where transferability of the coefficients did
not hold whach }mplles thﬁé WESt1n s criteria of equallty of the |

- coefficients may be too str1ct l o i ,,-l A R |

l Elast1citrps can be calculated u51ng the moments of the generated
- probability d1§§r1but10ns in the same manner as the e1a5t1c1t1es of

- Table S 11 were generated from moments of the actual probablllty

d15tr1but10ns . These elast1c1t1es are contalned in Table 5.28..

The eIast1caty formula involves the use of several different .
random var1ab1es, k’ E(P), E(P[1-P]) so that the elast1c1ty itself IS;r
a'randomtvariable' Theoretically then there should'be confidentel |
11m1ts associated w1th ‘each or1g1na1 elast1c1ty, SO that a comparison

could be made between the or1g1na1 elast1c1ty and its allowablelerror

and the generated elast1c1ty Because of the number of random var1ab1es
in each elasticity measure, the error allowance for each is. nOt obvious
and has not been: calculated here' However casual comparlsons 1ndicate - -

z~that the e1ast1c1ty measures are w1€h1n reasonable 11m1ts of the

‘o 7\ ) <

- . . . . ; .
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originals except in those areas where the coeff1c1ents were not
transferable However due to the 51m11ar1ty of model splits in all
areas, and due to the transferablllty of ‘the coeff1c1ents the elastici-
ties which were'corrected by only changing characteristics parameters
~ perform as nell-as the elasticities operated‘from the‘nore complicated

| Sy grocedure.n This can be seen. in Table 5.29. One cannot expect this

to hold in all nrban areas. «t*z | R .

The new generated elasticities do not’ exactly repllcate the

actoal elasticities. The Likelihood Ratlo test fbr transferablllt? anly "
tests that‘the quéi performs as well if the coeff1c1entsvare constralned
:to take on certainggalues. It does not.deterndne that'the'actual point
estimates are equali As long as the.point estimates of the coefficients
_are-even slightly different, the actual elasticities cannot be exactly .

-replicated.

5.3.2.6 The aggregate elast1c1ty

o One flnal set of calculatlons to be provided in this’ emplrlcal

appllcatlon of the model is with respect to the. adequacy of the c1ty-
w1de model in capturlng the overall c1ty response to p011cy It is v ? : 3
apparent that the subareas w111 dlffer in thelr resggnseg,to policy.
-.Cne. wonders 1f a single c1ty—w1de model adequately captures the overallx
-effect of these d1fferent1a1 responses ' ‘

" Domencich and McFadden 9] descrlbe an aggregate elast1c1ty for
“appllcatlon to models where mafket segments are well deflned The

aggregate elast1c1ty is deflned as belng equal to ‘the ‘sum ‘of the segment
elast1c1t1es ‘where these are welghted by that segment‘s share of the '

total populatlon. If the c1ty-w1de model performs well in capturlng

\
\
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,"the overall response these measures should be 51mllar Table 5. 30
7conta1ns the 1nformat1on which would be requ1red for such a calculation
and the calculated aggregate elast1c1t1es | | |

Analysis of these results 1nd1cates that elast1c1t1es calculated
from the city-wide model are reasonably similar- to the aggregate - o ﬂ
response from the subareas. . ,~_ o . | \\;,///(/%'
The tlme elastlc;ti;; are slightly higher in the citffwide model,q
fthe city-wide model overpredictszresponse by.l%;for a 100% change
in time dlfference whlch is«a small error. This includes the effetts
of the overstated responses to areas. 3 and 3* whlch could be understated
in the aggregate elast1c1ty because of the arbltrary method that was |
v . .

used to deternune the subareas

The cost. e1ast1c1t1es are almost 1dent1ca1 under both stratlflca—
tion procedures 1nd1cat1ng that the c1ty-w1de model has adequately
'captured the aggregate response ' ,

The c1ty—w1de model s pcost elast1jg§1es are the least accurate
relative to the sum of ‘the aggregate reSponses predlcted by the ‘area
\ models The c1ty-w1de model underpredlcts response by approx1mate1y
3,65 for a 100% change in parklng costs ‘(models 1- 4) to 14% for a 100%
A_change in parking costs Omodels 1*—4*) However, one is remlnded that
these elast1c1t1es are of questlonable va11d1ty as -they are composed of

'some parameters which do -not have statistical 51gn1f1cance.

N




Chapter AI 5
FOOTNOTES

'The data was intended for use in the assessment of the impact

of a change in the Feder#l Government Parking Policy on employee travel _

behavior. I am indebted to Dr. D. W. Gillen for allowing me access to
this information. - : . .

2De Leuw Cather-Ltd. [8], pp. 4, 75-86.

3There were no 'variables where the sample was ,én'qirely complete,
so the main ones selected were mode, cost, time, '#hd income.

*In the original data, mode choice information was available .for
four seasons (''this summer', 'last winter'', 'mext summer", and 'next

winter'’). .- However, individuals were asked to respond to other questions
with respect to the current time period up to June 1975. The only other

information given which .varied seasonally was "parking cost' and "'walk-
ing time". This reflects the original parking survey purpose of the
sample. The model for ''this summer'' was selected for use in this study
because the information was most complete for this timé period, and
because that se€gson most closely related to the reporting period of
- socioeconomic and LOS variables. S

o

' S"Workplace" and "home zone'" are coded within the sample, so it

should have been a simple procedure to eliminate residents reported as
- being in zones known to be out of the city. Distances up to 65.5 miles
. away from work are weported. However, the existing description [7 ] of
the sample is deficiént in the provision of a key to the coding .
procedures for the zones, or in the provision of a map indicating the
zones. .This necessitated broad distance assumptions identifying a

~_ Metro Ottawa location. ‘ o

$This would include such ,inc0ns‘istenciés.asl( 999)x5¢ bus .cost at

a distance from work of 1.6 miles. Only very inconsistent reports were
deleted, rather than a general deletion of ‘individuals reporting travel
- time and costs greater than a certain deviation from mean responses.
Wide variations in reported time and costs between individuals are -
observable in this sample. Since the sample i$ based on, perceived
values, such a general.procedure might have eliminated individuals who

select a mode and then adjust their perceptions about alternate modes B "

- in order to justify their choice. This could also have deleted

143,

~irfdividuals from the sample who lack information about alternate modes.

A model was tested on a data set including such deletions, and it was
confirmed that through the elimination of individuals with large or

very small estimates of ‘time and costs, the remaining observations were

EAPRE

Y
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clustered in a very narrow distribution. This was espec1a11y true w1th
respect to costs.. This resulted in the estimation of a cumulative
robability function which was 11ke1y steeper than is the actual case,

d the model performance was poor (R? = 0.08, Likelihood Ratio Test -
© 56 with six Degrees of Freedom at a sample size of 656). _ : ,

ALl the dlstance reports were graphed on a 10gar1thm1c scale,
and then divided into four equal groups. This grouping actually began
at a distance of 1.6 miles from the workplace, despite two individuals
‘reporting 0 distance to work. It is apparent that there is a minimum
dlstance from the workplace--where home location is not feaSJ.ble

A regressmn was run between dlstance and income in. order to

- ensure that these were really not just implicit income stratifications.
. A partial correlation coeff1c1ent equal to 0.09 mdlcated that ‘this was’
not the case. :

_ °This would be con51stent with the deletion of captlve bus users ‘
" within the city. ‘

‘10De Leuw Cather [8], p- 125. The report does not mclude dlS-
cussion of the method by which ""calculated" values were generated o
except to say that they were "map measured values". If it is assumed
‘that the techniques were valid, these results would indicate that
elasticities calculated from the models using perceived information
‘will make the bus users more elastic with respect to bus time and more
inelastic with respect to auto tz.me than would results based on calcu-

© lated values

.. llpe Leuw Cather [8 1, p. 128. Thls would imply that-auto drivers
would be more elastic with respect to auto ‘cost charges whlle bus ‘
users would be more melastlc

. - 12Refer to Theil 53], pp- 392- 397, and D. McFadden {291, pp.
.119-130 and 134-140, for relevant- proofs of uniqueness, consistency

. and normality of estlmators and also for a demonstration that -2¢ni
(where A is the Likelihood Ratio for the model) has asymptotically a
Chi squi e distribution. Note, however, that the procedure may not be
well >“4—4 to very small samples '

iNrer to F. Whlte and M. Greig [62], pp 54~ 55

14Surh a measure would be R? = 1 - S(B) /S(B) where S(B) equals
the sum of squared residuals with the estimated coeff1c1ents and S(B)
équals the same, w1th the coeff1c1ents equal to 0. :

15MCFadden E29] references Theil, "On the Estimation of Relation-
ships -Involving Qualitative Varlables,'.' American Journaz of Soctology
76 PP~ 103-154 for proof of the procedure. .

’ 1“S:mce the logit is’ equal to. the index G(x),’ »P / (l—P ) = G(x)
this can also be taken to be the mean of the dlstrlbutlon of %he loglts
across each sample. , ;



7i.e., walk times. ‘These resuits could iﬁdicape that individuals
living ¥arther away from work park close to the office and pay a higher
. parking charge (perhaps to ensure the availability of space), while.
those who live Closer trade off walking ‘and parking.
. 19The diagfémmatic exposition is borrowed from P. Watson and R,
Westin [59]. S : .
1."’¥.‘J’estin'[59] calcylates an‘error allowance of +1.96 standard -

deviations as an appropriate ‘error allowance.

"‘2°Refef_tq Chapterﬂsland footnote 4 of that chapter.

S 21Fpor example, a rédiassification of approximately 4% of the
population would have equalized the City-wide elasticity and the
~aggregate elasticity. . _ - 4
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v : Chapter 6
"~ SUMMARY AND CONCLUSIONS

© 6.1 SUMMARY OF MAJOR OBSERVATIONS

Sevetral observations have been made 4n this thesis about the use

of disaggregate mbdels, appropriate aggregationvprocedures, and,the

&% transferability issue. The major observations are summarized below.

1.

Disaggregate models perform well injidentifjing aspects,of observed

behavior,. and in calculating individual probabilities of choosing a

© particular action.
_Aggregation procedures which take into account the distributions of .

individual probabilities in a sampie differ in their predictions

from those’generated through naive,aggregation procedures. This

- results in more accurate modal split estimates. _ \ - -
..‘ModaI'spllts and calculated elasticities based upon an actual known )
- distribution of probab111t1es for a~samp1e are similar to those"
| generated (with decreaSed information requirements) through an

~ aggregation procedure developed by Westin [60].

‘Elasticity measures.derived through appropriate aggregation

procedures borrow parameters of observed preferences and of

dlstrlbutlons of characterlstlcs This prov1dés sensitivity to
the elast1c1ty of different modellng 51tuat10ns These elasticities,

for this reason, w111 vary across the urban, space at least because

of differences in characterlstlcs dlstrlbutlons ThlS means that a

c1ty—w1de policy mlght elicit dlfferent_responses (for c1ty—w1de~
‘ 16 S



observed preferences) are equal
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policy) from different areas. ‘Possibly those elasticities might

. also vary because of a diversity of measured parameters of observed

preferences'acrOSS spatially-differentiated models.

Theoretically, the coeff1c1ents of the model (the parameters of"

”’*%%terms the measured

i W

coeff1c1ents of the modei shouid be "A dlverse groups '

of 1nd1v1duals as long as the ,E;ldentlfylng only

- T

observed preferences. This w;llsh-. “here i‘ ne violation

A

of the Axiom of the Independence of Irrelevgﬁt Alternatlves

. If transferablllty is conflrmed then 1nformatlon can be borrowed

i

from drfferent models as they become avallable in procedures to

L]

» make predictions about dlfferent populatlons.

If transferablllty 15 not expected “then elther dlfferent models :

will have tocbe’ estlmated for the- populatlons in questlon or else

the coefficients that one has available will have to be updated to-

. suit the new population. . : ‘ .

The results of the emp1r1cal ana1y51s of Chapter 5 offer con- .

51derab1e support for. these observatlons. T +

1.

All nine models estlmated show reasonable performance (as indicated

by fhe results of the L1ke11hood Ratlo Tests which 1nd1cate equa--

tion 51gn1f1cance 1n‘all cases of greater than 97.5% confidence).

All pollcy-related variables are of reasonable sign and significance
(except those for pcost where measurement d1ff1cu1t1es as expected,

reduced the 51gn1f1cance of the parameters) ' The pseudo- -R? for each

.'model 1nd1cate Teasonable fit between the predlcted and observed
1nd1v1dual actlons as the measures rangeifrom O‘Iﬂgo 0.4, Wthh

_McFadden [29] con51ders to be good model performance
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2. The estimated proportion\of auto users calculated from naive
| ‘aggregation procedures overstates the expected proportion of anto
users estimated from the model, and also theﬁdbserved proportion
of auto users. The naive aggregat1on technique u51ng the average
values of explanatory variables predlcts an expected proportlon of
auto users equal to 0. 6‘97 compared to a predlcted and actual . r
proportion of 0. 30656. Elast1c1t1es calculated w1thout 1nspect1ng
the distribution of probabllltles in the population overstate the
populatlon sensitivity to these variables. A comparlson of c1ty-

wide elasticities calculated under both methods conflnms these

expectatlons
| ~ TABLE 6.1 -
NAIVE VERSUS CORRECTLY (CALCULATED CITY ELASTICITIES
ELASTICITIES - = © MIN(T,-T) CDST(CA Cy) " PCOST
Prev1ously calculated ‘ | v . ' .
0.4777 - -0.0358 -0.2848
model elasticities 0.529% 0.0397 - .0.3156

naive £ = (1- P )8. k(x k)

The improperly calculated elasticity measure overatates the more

' accurate elast1c1ty measure by approx1mate1y 10 8% in each case.

. 3. The results of Table S 24 conflrm the validity of Westin's aggrega-'
tlon procedure. For 1nstance the expected properties: of auto users
from the actual probablllty distribution is 51m11ar to that pre-

s dicted from the generated probablllty d1str1but10n for that area

4, . The elast1c1t1es calculated from each 1nd1v1dual model vary as one -

moves concentrlcally away from the city centre. Th1s 1nd1cates )
differential :en51t1v1ty to policy variables, which ‘g dependent

upon location. The elast1c1t1es with respect to, time and cost
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b

generally increase as one moves away from the city centre--indicat-
1ng hlgher .absolute time dlfferences and parking charges facing
those who live farther out from the city centre |

When one holds constant all the components of the c1ty-w1de
elasticltles except for parameters of the characteristics distribu-
tions, whlch are allowed to vary for each area submodel, -the pattern
of elast1c1t1es is replicated, although that variation is reduced 1n

magnitude. This 1nd1cates that these elasticities vary at least - ‘

.because of the difference in the cl'plce 51tuat10n facing lnleIdualS

in dlfferent parts of the c1ty r(The Test of the dlfferences in
varlatlon between the elasticities is due to holding constant the
mean and variance of the probability dlstrlbutlon between areasb /

| These measures will differ.across the city even if the coeff1c1ents
are equal, so this art1f1c1ally reduces the observed variation in
elasticities in such a smple example.) . |

Tests of transferablllty (stability of the coefflclents) between .
areas 1nd1cate that generally the idea of transferablllty cannot be
dlsco{mted ‘and also that the extreme case of nontransferablllty can
' v"ea511y be explained as a v1olat10n of stated transferablllty pre-

condltlons The coeff1c1ent of time d1fferences between auto and

bus in areas 3 (6 9 - 10 8 mi) and 3* (8 1-12 mi) is clearly

dlfzkrent than the rest of the city. In this case, the varlabllity .

between ‘auto and bus t1me mdlcates that, there is a p0551b111ty of
- ;z,qy

supply competltlon on the part of publlc ff1c1als to reduce pub11c '

tran51t dlsadvantage .Ihls competition is e1ther in terms of truly

unobservable varlables, or else in terms of potentlally observable

: varlables such as comfort and ccnvenlence whlch could not be

LU N
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Important conclusmns are, then, that time and cost diffex;entlals

/;aptured in this model -
could hold 51gmf1c:ant unpllcatlons for' expected transferabillty, and
’ 'that the most _successful results would be predJ.cted in areas where * '. R
B e1ther c1ty 51ze or planning means . that most determmants of service | \ |
are.in tme and cost savmgs . More 1mportantly, the molusmn of LOS
| Varlables other than time and cost will reduce the spec1f1catlon error
“above,  and mcrease the 11ke11hood of model transferabllity This = E

indicates that. one research and modellng prlorlty must be in. terms of'

~
N

'capturlng qua11tat1ve 10S effectsgn models. ° ‘ . '

-~

. Comp‘arlson of actual e1ast1C1t1es with those generated by usmg
borrowed coeff1c1ents and also moments of a generated distributlon of

.probab111t1es using. these nbments (Table 5 ), mdlcates that these

, are similar. This$ supports 'the concept of model transferability, and

that the elast1C1t1es vary acrbss urban S

because of changes in

’characterlstlcs levels. This - also 1ends suppo

p » " . p - g ," . . . ; .".‘ %e

hprot:edur‘e of Westin.

6.2 IMPLICATIONS FOR THE POLICY MAKER " Y

v

* Two }’poteﬁtial predicticm requirements could exist for a policy-- -
, \ 0 potent! tl v ould . g
. maker: , LT o : ) R
5\";1 - . “ v L ) .
1. A need-fora‘ policy predictions for city SUbZJieaS or subpopula*tlons ' "
. ¥ '
to examme dlfferential urban response to pohc;y : ”: }
2. A need for acgurate c1ty-w1de ‘predlctlons for the overall results
.. of city.palicy. |
: S Pty ‘
6.2.1 Making Predictions for City Subareas ° NI

‘- _ Given' the general success of the preceding ,tests of .
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transferablhty, the followmg modeling options -are open to.the policy
maker. i | .
1. ;;Estn&te a separate model for each subarea being examlned !_ |
2. 'Update the -cdefficients of a base model. to more correctly reflect
©  the parameters expected in the subarea. ?t would be p0551b1e to
. useythese\to generate an. expected probabllity dlstrlbutlon for use
| . in the calculat1on of e1ast1c1t1es and a:ther pohcy—related |
. mdlcators. L ‘ o \
3. Assume transferab111ty of coeff1c1ents from a base mode]l, and by
4vvusmg these parameters, generate a dlstrlbutlon of probabllltles % :
. for the area as in 2 above for use 1n elast1c1ty calculations. -
4. . Apply srmple correctlon procedure to elast1C1t1es generated by a
Base model to reflect their d1fference between populatlons due to ,
' changes in characterlstlcs d15tr1but1ons. ‘ ’, - : ”‘.“.?A
5 | Use the c1ty-w1de model for each subarea. L e
| These optlons have been llsted m decreasmg order of the prec1-

-*

51on of their estnnates (measured in terms of their ab111ty to repllcate

ety ‘ e ' I
,,ea behavmr) However, an 1mportant con51derat10n in. . s 4
s ! o g of dlsaggregate procecgtres is the cost of the ,

,,3,

agam the importaﬁ&t trade-o%f,\ between prec1510n and practlcallty

T
.

o ;'._, The est:mation o"f a né'w model for each area nece551tates a
reasonably s12ed data set\ fof each area.. 'I'he requlrement of generatlng .

sH -

such ;nfomatlon has been the cause of slower adopt:gonwf these "
m the f1rst place ‘relatlve to what one would hope, g1Ven _ e

- proci:dm'esﬁ
! '5. P, Wt e L aii ™ ,
;’;‘imll“ﬂanggs,gerrﬁnmml procegures Thls however, is only -
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b

-a relévant pi'oblem for pol1cy makers who de51re to make predlctmns for -
4 f,s/ a base _sample. If tl:k data‘are a,varlable as. has .
analysis this progedure &houyﬂ'be cbnsrdered the {z&

.....

1N »..' * / ﬁ
t al 'tlve as 1t 1s of Wse s fssib}e to estr,mate the model on
‘A \:.. P X ‘l_ ’-/.‘ S tF (RN . _ﬁ‘ B
a subpsqe- en‘élsung A‘é.ta e .{"Z’. sl -
'b'a-s'f" R D S o 7‘

Updétmg procedm‘esaﬁﬁ'ﬁue at least a small sample for the
area, but 1t does pro’;"lde a methpg gf cor‘«rectlon to. suspect model
_ results. T}ns would be espec1ally useful for correctmgvrthe parameter .
"ﬁf;,.:"e'gtlma.tes fbi' the tlme varlable for areas 3 and 3*, Howéver if one
wfshes t&yﬁake aggregate predlctlons with these coeff1c1ent§3 1t w111
be necessary to generate Westin's. S dlstnbutlon of probabilltles

LN

. mus along with the need for at 1east a, small data set, can reduce the

attractlveness of this, procedure T , | _' E o |
.‘ | The use of base model coeff1c1ents alone in Westm s procedure

needs sagmflcantly less mformatlon if transferablllty is reasonably

assumed Cme needs only the coeff1C1ents of the base. model and sunmary

'.'C":f'.

e dlstrlbutlonal lnformatlon about rthe chargcterlsucs. Thls pro!edure
J.mportantly does not need a new data set for the new populatlon How—

. .ever, ‘the. procedure nece551tates the progrw,ng ab111ty to generate '
: the dlstrl'butlon Wthh can be costly.v However, resul‘ﬁs fran Table 5 27
show that this is a relatlvely accurate "procedure, and needs on].y the |

 base model results borrowed under reasonable assumptlons of transfer—
; ¢

ab1lity - The program ggneratlon of thlS dlstrlbutlon of probabllltles
S l .
for this" anal‘ys:.s 3%11d prove to be g rather complex and *tlme consummg

L

%Wprocedure : . v S _' o P

‘o

If such procedures are not a:va1lab1e or ‘if cost or time con-

""’ sﬁ'amts make the procedure proh1b1t1ve then dle pollcy maker can account

s
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’ for dlfferent elast1c1t1‘for different modeled areas bv at least
correctmg base model elast1c1t1es for heterogenelty in the populatlon >
The structuye of the elast1city allows for this correctlon and the
analyst needs only the means of the dlstrlbutlon of character1st1cs,
'whlch should be readlly available. It is noted that thlS procedure uses
- the same information as in other preceding opt1on.s , but avoids the

generation of a new distribution of probab111t1es. Since this procedure

unposes assumed equallty of moments of the actual probablhty distri-

butlon, this smxple correctlon is most le@unately done between areas

in which the properties of md1v1duals choosmg a part1eu1ar alternatlve
¢
is ‘fslmllar. To apply the correctlon to areas where there is a h1gher

,proportlon of md1v1duals using the auto ‘would lead to'the calculation

l

’of eiast1c1t1e§ much overstatmg the real elast1c1ty This would be

spec1a11y true if the Varlance of the actual probab111ty dlstr1but10h‘

v’

is low, such as m1ght~be the,,case with areas qulte far fromlthe c1ty

~ centre. To correct the e1ast1c1ty in this manner where there is a

o

much larger proportlon of bus users would understate the true '
3 elast1c1ty, and this would be espec1a11y true 1f there was a hlgh

variance in’ the indiyidual probabz,lltles.
: 2

' The eas1est but least accurate methodology would.- be to use |

‘u’

"the clty-w:xde predlctlons for all areas. . Thls comprownlses the .
- .md1v1dua11ty of dlfferent subareas or subpopulat1ons at least, because

the» 01ty-w1de distribution ofﬂ charact,er;stlcs is not equal to the sub-

L4
R,

| populatlong, d1str1but1ons $

-
ERRCWS
[

G:wen the optlons abové?’ even the most s1mp1e correctlon requlres -

11ttle mformatlon, as sulnnary mfor‘!natwn about characterlstlcs dis-

tr1but10ns should be avallable. Howeve‘r s if ex1st1ng data mventones

i N 3 e ~
B S, . S . « @ E
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include only city-wide aggregate data the sulm'nary statlstlcs for
‘ dlfferent subpopulatlons will be d1ff1cu1t to find, and makes even a
small amount of correction d1ff1cult to apply.

6.2.2 Makmg C1ty-W1de Predlctlons ;
ks

The use of a c1ty-w1de model enbod:les the assumptlon that - ‘

wrf’erences in subarea responses does not mvalgcfate the predictions -

of a.city-wide model. D1fferent areas, as indicated in Chapter 5,

. generate different responses to even city,-wid.e'poli_cy. Is the city-
. wide model accurate .incapturing'the overall response? )
. dne’“ method of examining this question is to compare_the city-wide
" ‘slasticities generated from the ‘'city" model; to calculated' aggregate
elasticities 'indicate'd by McFadden [21) and Domencich and McFadden [9]
The aggregate elasticity as calculated by McFadden is equal to the sum
of the component elast1c1t1es weighted by the share of ‘the "component"
l‘m tthe/ overall populatlon. ) } . - '

Table 5.30 shows that the cost elasticities from ‘the' two methods

154

L

are a]most exactly the same, but that differences exist for parklng and ’

_tJ.me The parklng e1ast1c1t1es are of questlonable 51gnlf1cance -given
that the elast1c1t1e§ are themselves based upon m51gnlf1c:ant . |
parameters, and therefore belng random varlébles also, the elast1c1t1e§i
~ may be mmgzﬁflcant Measurement problems also reducmg the valfd1ty ot
~of the parkmg results have also beén prev1ously mentloned The dif-
ferences between the time elasticities show 1‘6 overstatement for 100%

'changes in tJme d1fference values- ThlS is small error desplte the

© . clear nontransferablllty of the t1me coeff1c1ents for areas 3 and 3*.
*:

One suspects then that the c1ty-w1de ‘@1 performs rather well

-

<

- & P
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P . : '
espec1a11y glven some of the. d1ff1cu1t1es of. correctmg for the pmblem

This, leads agaln to the increased 1mportance of model spec1f1catlon in

‘ varlables such as qualltatlve LOS, which have, for mstance in this

case, been left out’ of the model spec1f1cat10n | R

d
> varla‘ble thus achlevmg thlS result.
t

In sxmlmary, pollcy makers are forced to trade off sophlstlcated
correctmn technlques w1th thelrfposts and ‘with the costs of modellng :

errors from smpler technlques R o s

< Model transferablllty prov1des a reasonable smpllflcatlon to

) practlcal problems associated w1th the adoptlon of dlsaggregate tech— :
mques for predlctlons J,n transportatlon waever th‘e appllcatlon of
technlques embodymg ttansferred resu,lts is dependent upon reasonable
grounds that this 1s va?1d in the modelmg issue- at hand. ~This |

B oﬂnecessnates f1rstly,;7:1;;senahle theoret1ca1 understandmg of dls- |

| aggregate models on the part%f potent\gfpdel users. Second‘ly, this

nece551tates further resea‘ :mto meth %f mgreasmg the generallty

< pos ”\ﬁ-« s ) -
and flex1b111ty ef dls”afgi:egate procedures wgt}‘;put v1q1atmg pre— .

condltlons for transferablllty Lastly, and perh?g, {;st J.mportantly,
- . .

research (whwh ;a,mcesszblé by polwy makers) 1s needed to determlne
g the sen51t1v1ty of aggregate predlctlon to changes 1n cueff1c1ent U
values whlch m},l mdlcate ‘to policy makers some. measure of marglnal v

. beneflt of purﬁ.ung sophlstlcated and perhaps costly mdelmg procedures

B3 ’J‘

g
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. or correction procedures to _énsuré; modeling_.‘t"i'ansfe,rabil_ity. This

-

" topic has not be bursued in th_is .thesis; vbﬁt'there is some information
already_'ayaiilable on this topic ‘[18,] té'l] , and it has been recognized

(¥8] as one of the h:ighest priorities fac.ing‘ transferability research.
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