FACTORSFOR THE STUDY OF L ONG-TERM | MPACTSOF TELECOMMUTING AND
| NTELLIGENT TRANSPORTATION SYSTEMSON
RESIDENTIAL AND BUSINESS L OCATION CHOICE

M oHAMMAD R. TAYYARAN
Ph.D. Candidate

A.M. KHAN
Professor

Dept. of Civil & Environmenta Enginesring
Carleton Univerdty
3432 C.J. Mackenzie Building
1125 Colond By Drive
Ottawa, Canada K1S 5B6

1. INTRODUCTION

Ealy cities were smdl and highly centrdized around the urban core. This was due to the
prevailing transportation technology (i.e., mainly walking, horse, horsecar) at the time. However, the
advent of eectric sreet carsin thelate nineteenth century allowed urban areasto expand d ong street car
lines radiating from the centrd city (Meyer & Miller, 1984; Young, 1990). The second mgor
technological innovation in 1920s, the automobile, dlowed even more freedom for urban growth, thus
resulting in urban sprawl. Urban growth has occurred in the form of low dengity bedroom suburbs
located at the urban fringe, and in some cases even lower dengity devel opments emanating from these
suburbs (Hanson, 1992; Meyer & Miller, 1984).

Today, we are faced with two new trangportation and communications technologies: Intelligent
Trangportation Systems (I TS) and telecommuting. According to I TS Canada“ 1 TS technologiesinclude
micro-electronics, mobile communications, computer informatics and other advanced technologies to
improve mobility, safety and security, and productivity in the transportation sector, in association with
other measures to reduce energy consumption, improve air qudity and enhance transportation
bility.”

The second technologica phenomenon is telecommuting. It involvesthe use of communications
technologiesto partidly or completely replace daily tripsto and fromworkplace (Mokhtarian, 1992). As
defined by Nilles (1991), tdecommuting is a subset of tdeworking which is the subdtitution of
telecommunication technologies for work related travel.

Congdering the reationship between land use and transportation, the question is: What will be

the effects of new technologies of ITS and telecommuting on urban development pattern, whichinturn
has effects on travel demand pattern? These two new technologica innovations will have some short-
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and long-term implications for travel behavior and land use. As discussed in the following subsections,
the long-term effects of ITS and telecommuting are subject to uncertainty. Different studies have
advanced different hypotheses about their impacts on the resulting land use patternsand in particular on
both residentiad and business location decisons.

It isthe purpose of this paper to providean ingght into the effects of ITS and telecommuting on
resdential aswell as business|ocation behavior. Specificaly, this paper has two objectives. Firg, isto
describethe state of knowledge on the rel ationship between technol ogies of 1 TS and telecommuting and
urban devel opment patterns. Second, to advance moded s of resdentia and businesslocationinthelight
of ITS and tdecommuting.

1.1. Intelligent Transportation Systems (ITS)

Although ITS developments are advancing rapidly in North America, Smilar technologies have
been demongtrated in Europe (e.g., PROMETHEUSIn Germany) and Japan (i.e., AMTICS) to bevery
effective in enhancing trangportation systems.

Thereisno doubt that | TStechnologies, dueto their capability to improve transportation sysem
operations, arelikely to haveimplicationsfor both individuals and the society asawhole. These can be
classfied into short-term and long-term effects. Asfor the short term effects, pilot projectsinthe U.S.
have shown very littleambiguity in terms of theresulting benefits (Trangportation Research Board, 1993;
GAO, 1991). Benefits have resulted especidly in the area of congestion reduction. Most of these
projects have shown that economic, safety and ar quaity benefits are dso possble.

The long-term effects of ITS are, however, not so clear as are the short-term effects. ITSis
different from other transportation system improvementsin that it is promising to enhance capacity and
efficiency without any physicd expanson (or very little, if any) to the existing system.

The historica development of cities has served as evidence that, in the long-run, transportation
improvements have caused urban areasto expand in the direction of theseimprovements. In the case of
ITS, it has been speculated that such trangportation improvements may cause new land developments
further away from existing ones. ITS is cgpable of reducing travel times between an origin and a
degtination (e.g., through enhanced traffic control) as well as increasing the travel time reliabilities by
means of providing red-timeinformation to motorigts. Thiscapability may encourageindividuasto move
their resdentid location further away where housing ismore spacious and less costly than in centrd city,
without having to spend more time traveling. This may contribute to the development of outlying
communities.

Theseissues have been dedt with and discussed only qualitetively in theliterature mainly dueto
lack of data (Shladover, 1993; Ostriaand Lawrence, 1994). Additionaly, Mokhtarian (1993) believes
that the contribution of ITSto decentralization might be much larger than that of telecommuting because
ITSwill mogt likely ultimately be available to everyone al the time. These observationsimply adefinite
research need in thisarea.
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1.2. Telecommuting

While the concept of telecommuting has been around as early as 1950s, it was never pursued
serioudy because of thetechnology limitationsand the prevailing lifestyle at thet time. However, withthe
rapid development of advanced computer and telecommunication technologies during the last decade,
and the increasing socid cost of trangportation and changesin individuas lifestyles, tdecommuting is
garting to gain more and more acceptanceinthe U.S. and e sawhere asa potential meansfor dleviating
traffic congestion, energy consumption and air pollution (Bernardino et a, 1993). One study forecasts
the number of telecommutersin the U.S. between 7.5 to 15 millions by the year 2002 (Hopkins et d,
1994), while another one estimates this number to be 24 and 50 millions for the years 2000 and 2010,
respectively (Telecommuting Research Indiitute, 1991). In Canada, arecent Gallop poll estimated that
gpproximatey 2.2 million Canadians work a home some of the time, whereas the 1991 Census
estimated this number to be around 1.1 million (Gurgtein, 1994). The existence of such awide range of
estimatesis attributed to digparate definitions of working at home.

Asisthe case with ITS, adigtinction should be made between short- and long-term effects of
telecommuting. In the short-run, it isexpected that telecommuting will result in areduction in the number
of peak-hour tripsdueto the reduction of commutes. Asan example, Regiona Municipdity of Ottawa:
Carleton in Ontario, Canada has included telework as a Trangportation Demand Management (TDM)
measure in its transportation master plan. They expect that this measure a one would reduce peak hour
work tripsby 7% (Ingtitute of Transportation Engineers[ITE], 1996). Empirical evidence from severd
studies has shown some positive trangportation impacts of telecommuting including reduction in vehicle
kilometresof travel (VKT), and fuel consumption and emissons (Irwin, 1994; Weiner, 1994; Pendyala
et a, 1991; Hamer et d, 1991 & 1992). Telecommuting may aso change other travel factors such as
time of day, mode of travel, and destination (M okhtarian, 1992).

Long-term effects due to adoption of telecommuting are dso expected. Levd of automobile
ownership may bereduced. Of great importance, isthe land useimpact of telecommuting. Theevidence
to date regarding the impacts of telecommuting on residentiad location is not conclusive. One view
suggests that telecommunications would lead to more dispersed locationa patterns (Lund and
Mokhtarian, 1994; Hopkinset d, 1994), whereas another viewpoint isthat tel ecommunications may not
affect the exiding locationd patterns sgnificantly (Nijkamp and Sdomon, 1989; Nilles, 1991;
Mokhtarian, 1993). Moreover, Blais (1994), Webber, and Manderville (cited in Y oung, 1990) have
supported the suggestion that telecommuting is neutral, meaning that it has no particular effect on urban
development pattern.

A tdework symposium was recently held in Toronto to promote awareness of and education
about telecommuting. Therewere mixed fedings about the spatid impacts of telework in that they ranged
from no or minimal relocation impacts to high relocation impacts in terms of moving towards suburban
and rurd aress. Infact, at this symposium, results of anationd study funded by Canada M ortgage and
Housing Corporation (CMHC) were presented that aimed at providing some indght into factors that
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affect telework and home-based employment. Some of their important findings as they relae to this
paper were as follows (Gurstein, 1994):

80% of respondents were very satisfied with working a home;
The mgority of teleworkers lived in sngle-family detached homes in suburban aress,
About 20% of teleworkers had moved or were planning to move outside the city.

However, no modd was developed to anayze the acquired information.

In the long run, tdlecommuting may aso affect business location decisons. If and when an
organization makes telecommuting available to its employees, it can accrue Sgnificant cost savings by
reduced requirements for office and parking space. Other benefits may a so be obtained by decreasing
absenteeismand sck leave (Bernardino et a, 1993). Considering that land cost isan important factor in
business |location decisions, this means that an organization currently located in the Central Business
Digtrict (CBD) can relocate to another place whether in the same city or to asuburb where office space
is less cogdly, and/or setup new smdl branch office(s) close to its employees resdences in distant
suburbia Inany case, it isreasonable to speculate that telecommunicationsin generd, and tdleworkingin
particular may contribute to further decentralization of urban areas and the growth of secondtier or third
tier satellites. Thisview issupported by Irwin (1994) and Y oung (1990). Asisthe case with resdentid
location, there has been no research to date to Sudy quantitatively such impacts of telecommuting on
business location decisons.

Since the discussion is on the long term effects of ITS and telecommuting on resdentia and
business land usss, it isdso useful to have aliterature review of the studies of residentia and business
location. Thisreview is presented below.

2. LOCATION THEORY

Location theory generdly dedls with the issue of how various land uses compete for spacein a
region (Steiner, 1994). It hasitsrootsin as early as the 19th century when Ricardo (cited in Deskin,
1991) observed that the primary inputs of production areland, labor and capitd and that location of land
determines, in part, itsuse. Sincethen many researchers have attempted to devel op mathematica models
for different |land usesincluding resdentid and commercid use. Thefollowing subsectionsexplainssuch
endeavors.

2.1. Residential Location Choice

Residentid |ocation theories can be divided into three broad categories: hedonic pricing models,
urban economic models, and discrete choice models. Thefirst group of modelsfocuses on factorsthat
affect the housing vaue through multiple regression of key attributes of housing and neighborhoods
(Steiner, 1994). Interms of second category, one of the most prominent theories of urban growthisthe
bid rent theory introduced by Alonso (1964) which focuses on economic factorsin explaining the urban
gpatid dructure. Thistheory isbased on margind utility theory and had other followerslike Muth (1969)
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and Goldberg & Chinloy(1984). Although very popuar, thistheory has sometheoretica and empirica
shortcomings. One mgjor restriction of thistheory isthat it isbased on the concept of amonocentric city
with a(CBD) inthe center and housing unitsarranged around it (Anas, 1982). Another problemis thet it
does not consider the leisure time budget which is a mgor factor in resdentia location choice. The
problems with the deterministic approach made urban planers and economists to depart from it and
develop other formulations, one of them being devel opment of discrete choice mode sin the context of
random utility theory, of which the logit and probit models are the most popular ones. The probabilitic
concept of this gpproach enables usto take into account explicitly the variationsin taste and preference
of individuds in choosng their housing location as well as socio-economic differences within each
population group.

The discrete choice modds have had extensive trangportation applications particularly for the
choice of travel modes (e.g., Domencich & McFadden, 1975; Richards & Ben-Akiva, 1975; Ben+
Akiva, 1973). However, dueto its nature, the discrete choice analysis can be and has been applied to
numerousfid dsincluding urban planning, telecommunications, operationsresearch, market researchad
public policy. More will be said about stochastic disaggregate models later in the paper.

Residentia choice models have been used for dmost two decades. These models focus on
trade- offsamong variousfactorswhich influence resdential choice. Mogt of these sudiesdevel oped logit
modelsin one form or another. Some developed smple multinomia logit (MNL) modd (Pollakowski,
1982; Friedman, 1981; Quigley, 1976) while others developed joint logit mode of resdentia location
and mode to work (Lerman, 1976; Anas, 1982; Horowitz, 1986) and nested logit model (Weisbrod et
a, 1980; Quigley, 1985; Bent Akiva& dePama, 1986; Kim, 1991) to explain households residentia
location decisions. Mogt of these sudies have included in their utility modd, in addition to housing price
and transportation accessibility measures, Socio-economic factors such asage, income, family Sze, auto
ownership levd, etc,, and leved of public services such as property tax rate, per pupil school
expenditures, etc. A ligt of various atributes influencing the housing choice is provided by Hunt et &
(1994) dong with their relevant source references.

Itisimportant to note that although trangportation variables (e.g., timeand cost) do matter inthe
resdential location decisons, recent models have shown that these are no more critica to location
decisons than other factors such as housing type, neighborhood quality as well as life-cycle of the
households (Deskin, 1991; Lerman, 1976; Weisbrod, 1978; Weisbrod et a, 1980; Giuliano, 1995).

2.2. Business L ocation Choice

Theories of urban employment location may be broadly divided into two categories: deterministic
equilibrium modesand behaviord models (Hansen, 1987). Thetraditiond Alonso-Muthformulation, of
course, fdls into the first set. As mentioned earlier, these modes are based on monocentricity
assumption. Further, they assume that urban structure is given, and firms have profit-maximization
objectives. Therefore, their emphasis is on cost reduction—particularly transportation costs- and
because of their need for face-to-face contact with others, they are willing to outbid othersin order to
get alocation in the center (Shukla & Waddell, 1991; Steiner, 1994). The other class of modes—the
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behaviora approach to business location—wasaresult of unredistic assumptionsin the former models
induding: monocentricity, profit-maximization, perfect information, and instantaneous response to

changesin the spatid variation in factor prices (Hansen, 1987). Themagjor advantage of thesemodelsis
that they can incorporate behaviord insights and are easier to relate to operationalization than the more
abstract former set of modds (Shukla & Waddell, 1991). These models are based on the utility

maximization axiom over aset of discrete dternatives. However, the discrete choice andysisfor business
location choice has not been as widely used as it has been for the study of resdential choice. Some
studies developed smple MNL models (Carlton, 1979, 1983; Shukla& Waddell, 1991) while others
devel oped amore generdized nested logit modd (Hayashi et d, 1986, Hansen, 1987) to explain various
industries location decisons. Mogt of these studies have included in their utility models factors such as
land cost and availability, transportation accesshbility to consumers and suppliers, labor availability,

wages, taxes, and measures of agglomeration economies and qudity of life.

3. STATED PREFERENCE VS. REVEALED PREFERENCE APPROACH

All theliterature items reviewed so far, used thereveal ed preference approach in sudying the
housing aswell as bus ness|ocation behavior. Choice mode s based on reveded (or observed) behavior
are cdibrated to actual data, and therefore they have ahigh degree of reliability. Reveded Preference
(RP) data, however, suffer from anumber of perspectives (Kroes and Sheldon, 1988):

correlaion exists among some of the attributes (eg., time and cost), and thereby trade-offs
among these attributes may not be clearly observable;

thereisalimited range of atributes,

some choice dternatives, characteristics, and/or services may not exist.

From the viewpoint of this paper, the last-mentioned shortcoming of RP data has a strong
bearing on this paper. Tdecommuting and I TS areinnovative technol ogies whose effects on residentia
and business location are not conclusive, on the basis of what has been studied so far, smply because
there are not enough observed data for them. Therefore to investigate their impacts on the resdentia
and business choice, one must consider another refined method. Stated preference (SP) approach, isa
technique that was devel oped to overcome the above problems of RP data. In this method, individuals
are presented with hypothetical dternatives and asked to indicate their preferencestowardsthe choices
offered (Hunt et d, 1994; Pearmain et d, 1991). In thistechnique, the researcher hasacomplete control
over thefactorsthat influence the choice. Therefore, SP models can be designed to reduce or diminate
theinterdependency among attributes, can provide respondentswith broader ranges of choice attributes,
and can include policies and dternatives that are completely new (Louviere et d, 1981).

3.1. Housing L ocation Behavior Using SP Techniques
The above- mentioned weaknesses associated with RP data encouraged researchersto divert to
conjoint andysisin sudies of housing preferences, in one form or the other. These sudies successfully

provided indght into the influences of factors affecting residentiad choice behavior of individuas
(Louviere, 1979; Timmermans, 1984; Joseph et d, 1989; Hunt et d, 1994).
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Although a powerful method, the SP data suffer from a serious backdrop. The principa
weakness is the fact that respondents are stating what they would do given thehypothetical choices,
which impliesthat in redity they may not necessarily do what they say. Therefore, the reliability of SP
datais uncertain. Thisis a problem which is not very serious with RP data because those models are
cdibrated againg actud behavior not the intended ones. The reliability of SP datais manifested intwo
different ways “vdidity” and “gability” (Ben-Akiva& Morikawa, 19904). Lack of validity indicatesa
discrepancy between actual and stated behavior and it relates to a bias in SP data.. Lack of sability
correspondsto the magnitude of random error or noisein the SP dataand it often depends on the quality
of survey and experimental design (BenAkiva& Morikawa, 1990a). Therefore, combining RPand SP
dataisan gppealing way to overcome the shortcomings of each datatype and to take advantage of their
strengths. Assuch, RP and SP data complement each other. Themixed estimation hassomedatistica
Issues associated with it and recent developments in combined analyss of RP and SP data have
addressed most of them (Ben-Akiva& Morikawa, 1990a,b; Morikawa, 1994; Pearmain et a, 1991,
Bradley & Kroes, 1990). More about the mixed estimation method will be said later.

3.2. Business L ocation Behavior Using SP Techniques

So far, to our knowledge no study has attempted to use SP and/or combined RP and SP
techniquesfor analyzing business|ocation decisions. Therefore, thisstudy will makeamagor contribution
inthisarea of work. In fact, asisthe casewith theresdentia location behavior, acombined RP and SP
logit or probit analysis can be carried out for the business location choice.

4. A RESEARCH FRAMEWORK

The literature review reveded that there is mixed evidence regarding the impacts of ITS and
telecommuting on urban devel opment patterns, thereby making it worthwhileto probethisareaof work.
Noneof the previous studies of residential and business|ocation choice haveinvestigated such impactsof
ITS and telecommuting. However, the important point is to figure out how the attributes of ITS and
telecommuting will be introduced and measured in thisanaysis. To answer this, one should find out in
what ways these technologies will affect people. In other words, how individuds will perceivethese
technologies. For the ITS case, the most prominent characteristics, as perceived by users, could be:

shorter travel times for motorists and trangit users.

more reliable (or less variable) trave times. Because of the red-time information provided by
ITS (aswell asahistoric database congtructed in thisway over time which will be fed back to
the system), commuters and other travelers will be much more certain about the roadway and
traffic conditions ahead of them. Reduction intravel time variability might be the most important
agpect of ITSfrom the user point of view. This variability will have two dimensons: magnitude
and frequency (e.g. 5 minutes aday, 10 minutes aweek, etc.) (Senna, 1994).
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For tdlecommuting, therdevant characterigtic will besavingsin travel timeand money duetoless
need for daily work trips plus other socia conveniences (e.g., comfort of being at home, flexible hours,
control over work).

Intermsof busnesslocation, the relevant telecommuting characteristics will be cost savingsdue
to less need for office and parking space for organizations.

4.1. Methodological Considerations

To study the effects of I1TS and telecommuting on individuas housing and business location
decisgons, stated preference gpproach (i.e., conjoint andyss) within the random uitility theory can be
adopted. The resdentia modd will provide information regarding the trade- offs among variousfactors
that affect housing choice behavior, and in particular, therdaiveweightsof I TS and telecommuting inthe
decison process. The business modd will serve the same purpose for the firms location choice
behavior.

Combined RPand SPlogit andys's can be used to estimate the parameters of the utility function

through attitudina survey of people which is explained briefly in the next section. The combined
estimation procedure is dso explained. The research framework is shown in Figure 1.
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Results:

- Important Attribules
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Dervations

S Agpregate Demand Forecasting

Fig. 1. Research Framewaork

As such, the origind contributions of this research study in expanding the present dete of
knowledge are asfollows:

Introducing telecommuting and I TS measuresin the study of residentia location choice;
Introducing telecommuting measures in the study of business location choice;

Use of combined RP and SP datain resdential location choice; and

Use of combined RP and SP data in business location choice.

5. SURVEY DESIGN

The intent of this research is to find out whether adopting tdlecommuting by individuas and
deployment of ITSwill resultinany changeinther housing location decision. Similarly, wewant to know
if adoption of tdecommuting by firmswill affect their location decision. To do so, onehasto carry out a
case sudy by meansof an attitudina survey. The Regiond Municipdity of Ottawa Carleton (RMOC),
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Ontario, Canadais chosen for this purpose. Based on the Officia Plan of the RMOC (1988) any future
growth intheregionisto be accommodated in three satdllite cities namely Kanata, Nepean, and Orleans,
located in some distance in the west, south, and east of Ottawa, respectively. Figure 2 showsthe study
area. Moreover, it is highly likely that any growth beyond those predicted by the officid plan will be
located in second-tier satdlite citiesin the longer term. In other words, the plan does not permit sprawl

to happen inthefuture; rather any growthin population, housing, and businesswill haveto happen in the
satellite nodes located on the well-defined transportation axes. Thus, for the purpose of this research,
threelocation dternatives are defined asfollows (theselocationd dternatives are applicablefor both the
resdential and the business location analyss):

Rlajar Higliway

e NI Y

Eip 20 This & ddy Avea villon e MEC, Cniter i, Canada

Alt. A - Central areaof theregion insdethe Green Belt conssting of cities of Ottawa, Vanier, Nepean,
Gloucedter, Village of Rockdliffe, and City of Hull.

Alt. B - Firg-tier satdlite nodes including cities of Kanata, Aylmer, Gatineau, and Townships of
Cumberland (i.e.,, Orleans), Barrhaven, and Chelsea

Alt. C - Second-tier satellite nodes such as Buckingham and Rockland in east, Rideau and Osgoodein
south, West Carleton and Goulborn in west, and Clarence and Va-des-mont in north.

Figure 3 shows a schematic diagram of location of these dternativesin the region. Two survey
guestionnaires are designed, one for the household residentia location and another for the business
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location choice. The resdentid choice survey conssts of two mgor parts. Part 1 is the reveded
preference one. It asks questions from employees in the region about their residentia location such as
their housing cost, number of bedrooms, their travel mode to work, their commute time and cost to
work, as well as some socio-demographic information. Part 2 isthe stated preference one. In this part
the respondent is presented with a number of hypothetical choice Stuations. In each choice Situation,
dternatives A, B, and C are defined in terms of the combination of factors (or attributes). Thesefactors
can include: housing cost, number of bedrooms, number of telecommuting days per week, amount and
frequency of travel timevariability towork, etc. Then, for each choice Situation, the respondent is asked
to sate which dternative She would most probably choose asthe placeto livein. The businesslocation
survey dso consstsof two mgjor parts: the reved ed preference and stated preference but in the context
of firm location choice. That is, in the first part, firms are posed with questions about their current
location, size of their organization, lease codts, etc. In the second part, the attributes presented to them
can be wage rate, land cost, distance to nearest freeway, availability and degree of intengty of a
telecommute program. In this case, the dternatives available to them are the same as those in the
resdentiad case. Then, for each hypothetica choice stuation, the firm is to seect the most preferred
aternative based on the combination of above-mentioned factors. Theexperimenta designin both cases,
of course, will beorthogonal. That is, the combinations of these factorsin the experiment are so defined
asto ensurethat they are varied independently (i.e., completely uncorrel ated) from one another (Kroes
& Sheldon, 1988).

% Al B First-Lier ssinllios nmles)

Al C fsecond-tier satellite nodes)

_ Fiansportacien Links

Fip. 3. Schematic Diagram of Housing and Buesiness Lication Allemmalies
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6. ANALYSISOF SURVEY DATA

Having administered the survey, the data are to be analyzed and modeed within the utility
maximization theory framework. The following sub-sections explain the model estimation procedure. It
goeswithout saying that two different model s are congtructed, onefor theresidential and another for the
business location choice.

6.1. Combining RP and SP data

It was mentioned earlier that SP and RP data have complimentary characterigtics. Joint
estimation of SP and RP datacan provide estimates of parametersthat are efficient and are corrected for
biasof SPdata. It a so provides estimation of trade- offsamong attributes and the effects of new services
that are not identifiable from RP data (M orikawa, 1994). The theoretica framework for integrating RP
and SP datawasfirst developed by Morikawa (1989) and Ben+ Akivaand Morikawa (1990a,b) which
is based on utility maximization theory. This methodology is well suited for this research as well. To
explan briefly, assume there are two different data generating processes: the RP modd that represents
actua choice, and the SPmode that represents stated intentions. Then the utility expressonsare defined
asfollows (BentAkiva & Morikawa, 1990a):

RP modd:
U = R&P + ag + e (1)
- ViRP +e
SP modd:
U= R + 27 + v (2)
- ViSP +v
Var(e) = p2Var(v) (3)
where:

U= utlity of dternative (to individud m)

Vi=  systematic component of U,

x?, x3F= avector of observed variables common to RP and SP data

y*F, 2°"= vectors of observed variables specific to one data type or the other

a,3,?= vector of unknown parameters

ev=  random error components associated with RP and SP data configurations, respectively
p= the scaling parameter.

Since the effects of unobserved factors may well be different between revedled and stated
preferences, there is no reason to believe that e and v have identica distributions (although one may
assume that they are independently distributed with zero mean). Introduction of scale parameter, L,
reflects the fact that the level of noise between the two data types (which is represented by their
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variances, eand v) aredifferent (Ben-Akiva& Morikawa, 1990a; Hensher, 1994). Moreover, thereare
two fundamenta assumptionsimplied by above equations. First, existence of variablesx with coefficient
vector [3in RP and SP model sindicatesthat the trade- off rdationship among mgor atributesisthesame
in both actud behavior and SP tasks. Secondly, it is assumed that RP and SP data are satisticaly
independent. To quote Morikawa (1994):

“..itisassumed that the random component of the utility of an dternativeof anindividua
in the SP model is independently distributed from that of any dternative for the same
individud in the RP modd.”

By introducing the scalefactor 1, eand v areidenticaly and independently distributed (iid) not
only within each type of data, but aso acrossthem, thus enabling one to combine thetwo datatypesand
jointly estimate them. In this case, the SP modd of Eq. (2), for the purpose of estimation, will be

multiplied by
U= pReS” + 2z + pv 4)
6.2. Estimation Method

Unknown parameters a3,?, and L can be estimated ether by (@) joint maximum likelihood
(MLE), usng RPand SP datasmultaneoudy, or (b) sequentiad MLE, usng RP and SP datain sequence
(BentAkiva& Morikawa, 1990a). Estimators obtained by either method are consistent. Joint estimation
method produces more efficient estimatorsthan the sequentiad method but requires programming thejoint
likelihood functionin ageneral MLE program, whereas onecan usean ordinary logit or probit estimation
software in the sequentia method.

6.3. Expected Results
The egtimated coefficients of the models have severd mgor uses:

1) They will reved if tdecommuting and ITS measures, anong other factors, have any
influence on the location choice decision of households or businesses.

2) They can be converted to either probability
derivations or elasticities, which reflect the
relative sensitivity of household (or firm in the
case of business nodel) choice probabilities to
changes in each independent variable in the nodel
(Wei sbrod, 1978). This is of major interest to the
urban planners, since this information indicates
whi ch vari abl es have the nost inpact on individual's
| ocati onal choice and thereby the nobst effective
policies can be adopted accordingly to encourage (or
di scourage) the direction of the households' (or
firms') nmovenents.
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3) They can be used to forecast aggregate demand for
residential and business |land uses for the three
| ocational alternatives in this study. This can be
acconplished by several neans such as "aver age
I ndi vi dual ", "classification", or "sanpl e
enunerati on” nmethod (Ben-Akiva & Lerman, 1985). As
such, these nodels can predict the nunber of
househol ds (or business firnms) in each region or
zone.

7. CONCLUDI NG REMARKS

The acceptance and adoption of telecomuting is increasing
rapidly and ITS is gradually finding its way into the market.
One mjor question is whether in the Ilong run these
technol ogi cal innovations would influence urban devel opnent
pattern in the sane way as previous technologies |ike railroad
and automobile did; that is, a trend toward nore sub-
ur bani zati on and second- and third-tier satellite nodes. This
paper is intended to provide answers to this question. The
met hodol ogy defined here is the best possible since these
t echnol ogi es have not been in place for a long tinme and
consequently there are not enough observed data on their
I npact s.

The study described here has a great potential in
providing nore insight into the inpacts of ITS and
telecommuting on the location patterns of households and
busi nesses as well as predicting the effects of public
policies on these |location patterns. Therefore, the results
shoul d be of interest to transportation and urban planners as
wel | as devel opers, policy makers and ot her researchers.
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