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1. Introduction

Information and communicationtechnologies(ICT) will inherently invoke activity (re)scheduling
responseby individualsandhouseholdsTheseresponsedn turn, trigger short-termchangesn activity-
travelpatternsandlonger-termchangesn carownershipandresidentialocation. For examplethe useof
ICT for telework will mean fewer peopledrive to work, but this will also openup vehiclesto be
rescheduledor useby otherfamily membersand openspossibilitiesfor altereddaily activity schedules
acrossthe day or days. Indirectly, a teleworkermay needfewer cars,or could be inducedto relocate.
While onehopesthat thesechangesffect reductionsin traveldemand(andhencerelieve congestionyve
couldin factendup with relaxedconnectiorto actualplacesof work andcommutefrom afurtherdistance
but with lower frequency, resulting in the same amount of system load as before.

This position paperwill arguethat one methodthat can addressthesecomplex changesis basedon
modelingthe activity schedulingprocesof eachtravelingindividual directly. Threesectionsshedlight at
theissue:Sec.2 looks athow to modelthe activity schedulingprocessof humansandwhatdataneedgo
be obtained. Sec.3 looks at the statusandcaveatf the useof activity-baseddemandyeneratiormodels
in current practice. Sec.4 then lays out a proposalfor a multi-agentbasedtraffic simulation which
integratesactivity-baseddemand generationwith a microscopic, dynamic simulation of the traffic
consequencesf this, andis meantasa completereplacemenbf the 4-stageprocess. Sec.5 discusses
someof thetopical questionavhich resultfrom usingthesenew methodsjn particularin conjunctionwith
ICT.

An interestingaspecif this paperis thatour methodsothare ICT (in the sensehattheyrely heavilyon
the use of data and computers) and they are suitabialtyre ICT.

2. Modeling the activity scheduling process

To betterunderstandhesecomplexfirst andsecond-ordeeffects,Dohertyetal. (2002)arguedor afocus
on underlying behavioral processes- especiallythe activity (re)schedulingprocess. Prior literature
(Hayes-Roth& Hayes-Rothl979; Hayes-Rothet al. 1979) attemptedo formalize thesedecisionrulesas
an Al productionsystemthat convertsschedulingbehavioralrulesinto action planningmodels. Recent
attemptsfocus on the use of microsimulationof the sequencedf decisionsinvolved in the scheduling
processusing object-orientecbr event-orientedsimulations(e.g. Arentzeand Timmermans2000; Miller
and Roorda 2002).

Despite these efforts, very little empirical evidenceexists as a basis for understandingthe activity
schedulingprocessand for appliedsimulationmodel development. The desireto forecastthe shortand
long-termimpactsof ICTs makesthis anevenmore pressingneed. To meetthis needin the shortterm,
supplementasurveysthat go beyondtraditional activity/trip diariesare neededsuchasthe computerized
activity schedulingsurveysdevelopedoy Ettemaet al. (1994) and Dohertyand Miller (2000),aswell as



other creativein-depthsurveys/experimentthat explicitly focuson underlyingprocessesgecisionrules,
adaptationprocessesand the like. Observedtrip making patternsderived from diary surveysare not
necessarilythe bestway to help with the understandingf the processesior exampleit is difficult to see
how a revealed preferencepattern could possibly model the responsivenesso completely new or
previously untested modal arrangements.

The immediateanalytical goal of the new surveydesignsshouldbe to explorethe dynamicbehavioral
mechanismghat underlie observedactivity-travel patterns(typically capturedby diaries). This should
include examinationof the plannedorder of activities, how they get modified during execution,the
dynamicsof adaptationof plans(e.g.reactionto new situationsthroughunexpectecconsequencesand
the effectsof learningandhabitformation. Examinationof activitiesandtheir mostsalientattributesthat
affect the schedulingprocess(e.g. spatial and temporal fixity) should also be a priority. A primary
concernin this analysisshouldbe the identificationof decisionsules,anddeterminatiorof whetherthey
are stable, extremely simplistic and/or indeed already noted in the literature.

Equally importantin the shorttermis the establishmenof a cleardialog with membersof the modeling
community in order to: 1) identify key assumptionsof existing models that require validation; 2)
suggestiongor fine-tuning existing models;3) identification of new decisionsrules or modelsthat could
be pluggedinto existingmodels;4) alternativeframeworksand/orwholesalechangesn modelingforms.
Thelong term-goalof suchefforts couldincludethe developmentf a fully functionalhouseholdactivity
scheduling model that replacesthe past 4-stage urban transportation modeling system, and its
incorporation into integrated land-use and transportation simulation models.

3. Activity scheduling modelsin current practice

A convincing case has been made that microsimulation models allow much greaterrealism in the

classificationof travel demandwhile avoidingthe extremelysparsecontingencytablesthat normally are

associatedwith stratified models (Vovsha, Petersenand Donnelly, 2002). This approachalso links

togetherthe travel allocation decisionsof householdsn much more meaningfulways, and is able to

representhe interactionsbetweenhouseholdnembers Suchmodelsincorporatespaceandtime budgets
andrecognizethe necessityto treatthe householdravel planningproblemovera horizonof multiple days
and a wide variety of constraints Theseideasare becomingmore widely known in the US thoughthey
have beenconsideredfor sometime in Europeanstudies.The current practiceis that there are active
micro-simulationmodelsin usefor severalUS cities including SanFranciscoNew York, Columbusand

Portland.

Microsimulation models derive detailed householdrecordsby seedingthe data basewith some key
demographiparametersinfer their moredetailedcharacteristicgfrom probability distributions)andthen
extract a matchinghouseholdvith thesesamecharacteristicérom the micro-censu$PUMS] databasesA
databaseof responset detailedtravelactivity surveyss usedto derive parametergor manysubmodels,
including destinationand modechoice.Resultsof validationstudiesby Kitamuraet al. (2000) showthat
individuals'daily travel patternscanbe practicallysynthesizedy micro-simulation Furtherthey statethat
“... properly representing rigidities in daily schedules is important in simulating daily travel patterns.”

In practicethesetechniquesiependon the ability to infer detailedhouseholccharacteristicérom broader
descriptions.In forecastingmode, such models rely on predictable exogenousvariables. This new
approachs not without risks. For onething, the conventionaimodelsproduceoutputwhich is a required
elementof transitinvestmentproposalgFTA), and so in somesensethe newermodelswill haveto be
madebackwardlycompatiblewith lesssophisticatedutputs.Simulationsproduceresultsthatare derived

from particular seed values and averages over multiple runs may need to be synthesized into the equivalent
of a deterministicforecast,even though many analystswould recognizethe much greatervalue in a
distributionwith confidencdimits. Secondthereis a clearsenseof time-sensitivityon the parameter®f
thesemodels,andthe phrase‘shelf life” hasbeenusedto signify the fact that the modelsare now, more

than ever, dependent on critical parameters.



The new model systemrelies on somekey parameters&nd assumptionsAlthough micro-simulationis a
noveltechniquetherearemanyoverlapsandsimilaritiesbetweent andthe empiricalresultsfoundin the
basicliterature.For example ho onefamiliar with thetrip generatioriteraturewould be surprisedo find

theimportanceof therole of childrenin the homeon trip generatiorrates.The complexrole of incomein

trip generationis also well known -- more income implies greatercar ownershipand initially higher
expectedtrip making rates.But, in turn, higher incomesat the householdlevel derive from multiple
workersandhencemoreresponsibilitiesconstraintsandlinkagesrequiredby the packageof daily activity
patterns. Microsimulation, given sufficient richness, goes some way towards accommodatingthe
householdsdaily roundof activities,which in aggregateroducethe diurnal cycle of city traffic. It does
this by making pragmaticrule-basediecisionsaboutthefixity of activities:whethermandatoryjourneyto
work, or discretionaryservepassengeactivity. Enhancingsuchrulesto avoid staticassociatiorof fixity

by activity type (e.g.assumingwork is fixed in spaceandtime, which s clearly beingchallengedn light

of ICTs) appeargo be onekey way wherefurtherexplorationof activity-schedulingorocessmayimprove
the behavioralvalidity and transferabilityof suchmodelshelp. For instance measuringan individuals
perceiveddegreeof relative spatial/temporafixity associatedvith activities, followed by explorationof
how suchactivitiesare schedulecand subsequentlynodified, would provide a basisfor developmenbf a
more dynamic rule concerningthe fixity of activities basedon their relative attributes,not the static
activity type label assigned to it.

For examplesof currentresearchon this topic see Esserand Nagel (2001), Jonnalagaddat a. (2001),
Kitamura et al. (2000), Miller and Salvini (2002) and Vovsha Petersen and Donnelly (2002).

4. Towardsintegrated multi-agent ssimulation of travel behavior

Oncetheactivity schedulingprocesss betterunderstoodthe questionbecomeshow that knowledgecan
be usedfor regionaltransportatiorplanning. As describedin the introduction, it is plausibleto expect
higher order effects. Higher order effects meansthat not only do peoplereactto ICT and other
infrastructurechangesbut thesereactionsaffectthe infrastructureagain,leadingto furtherreactions. The
typical well-known examplefor this is congestionrelief, which makespeoplescheduleadditionalttrips
which theywould not havescheduledat highercongestiorlevels. It is clearthat sucheffectsdependon
the layout of the transportation system, and on complex interactions inside that layout.

4.1 Multi Agent Simulation for travel behavior and land use

One methodthat promisesto integrateall thesecomplexinteractioninto one frameworkis multi-agent
simulation(MASim). The ideaof MASIm is that eachentity of the system,in particulareachtraveler,is
representedndividually, with its own setof behavioralrules. A typical MASIm for travel behaviorcan
look as follows (TRANSIMS, 2003; Raney et al, 2003):

(0) Synthetic population generation: From censusdata, a Monte-Carlo representatiorof the true
populationis generated. That is, one has individual householdswith individual members,and with
demographicharacteristicsuchasgender,age,income,car ownership. This syntheticpopulationis not
the sameas the real-world populationand so privacy remainsconservedput the syntheticpopulation
mirrors the real population in all demographic characteristics as they are available from public data.

(1) Activity generation: For eachmemberof the syntheticpopulation,activity plansaregenerated.The
methods here are currently rather rudimentary, but this is where the techniques fr@raddee.in.

(2) Mode and route choice: Activities at different locationstrigger demandfor transportation. This
module selects how this transportation is done.

(3) Traffic micro-simulation: So far, everythingis intentionsor plans. In the traffic micro-simulation,



all those plans are executed simultaneously, resulting in interaction, in particular congestion.

(4) Feedback: Thisis strictly speakingnota modulebuta method. As we all know, the aboveprocesss
not linear from one module to the next, but there is backwardscausality. In particular, congestion
influencesroute choice, mode choice, activity timing, activity location choice, and activity patterns.
Feedbackmethodsdistinguishbetweenday-to-dayreplanningand within-day replanning. Day-to-day
replanning meanghatfirst all agentsmakepreliminaryplans((1) and(2)), thentheseplansare executed
in (3), then someagentsrevise their plans,then all plansare executedagain, etc., until somekind of
stoppingcriterionis fulfilled. Clearly,thisimpliesthatagentsdo not changeheir plansduring theday. A
morerealistic methodis within-day replanning. Within-day replanningoffers additionalchallengesover
day-to-dayreplanning pothfrom thetheoretical/conceptuaide(evolutionarygametheorydoesnot apply
in a straightforwardway any more) and from the implementatiorside (more difficult to couplemodules
from different teams; more difficult to maintain parallel computing performance).

Whatis describedaboveis a systemfor whichimplementationshouldbecomeoperationaklwithin the next
tenyears. In fact, systemswhich span(0)—(1) (activity-baseddemandgeneration;micro-simulationof
travel behavior)or (2)—(4) (underthe nameof dynamictraffic assignmentDTA) exist alreadyand are
currentlybeingmovedinto practice(Bowman,1998; DYNAMIT, 2003;DYNASMART, 2003; Raneyet
al, 2003). The two remainingchallengesareto integrateall levels (0)—(4), andto implementwithin-day
replanning in these systems in a meaningful way.

Anotherissue,which was mentionedin the introduction,is the issueof land use and housingchanges.
Clearly, it is possibleto also make module(0) from aboveadaptive,thatis, have peoplechangehome
locations. In addition, it is possibleto have companieqincluding retail) changetheir own locationsin

reactionto marketdevelopmentsSuchmodelscan be either agent-basedr aggregated.Thereis more
experiencavith aggregateanodels,but the agent-basedneswould be much easierto integratewith the

travel behavior MASim as outlined here.

Prominentproject that are basedon agent-orientecconceptsof land use and housingare URBANSIM
(Waddellet al, 2001) and ILUTE (IntegratedLand Use, TransportationEnvironmentmodellingsystem;
see Salvini and Miller, 2003 or Miller and Roorda2003). A similar Europeanprojectis ILUMASS
(Integrated Land-Use Modelling and TransportationSystem Simulation, see irpud.raumplanung.uni-
dortmund.de).Again, an important long-term challengewill be to couple these models, as well as
incorporaterealistic activity (re)planning/schedulingnodelling componentghat both accommodate¢he
impactsof ICTs on short-termtravel behavior and serveas potentialtriggersfor longer-termland-use,
housingand vehicle ownershipchanges. In supportof this, both the ILUTE and ILUMASS modelsas
beingsupportedoy recentlycompletedn-depthsurveys,in the form of a laptop-basedhteractiveactivity
schedulingpanel survey of 270 householdsn Toronto (see Doherty 2003), and a hand-heldactivity
scheduling survey in Dortmund with 300 individuals (Rindsfliser et al. 2003).

4.2 Operational Challenges of Multi Agent Simulation

What are the challenges in the area of MASIm for travel behavior and land use?

Moving them into practice. Sec.3 of this text discussedssuesrelatedto moving activity-baseddemand
modelinginto practice. This concernsmodules(0) and (1) as outlined above. This aloneis a major
political stepwhichis nottakenlightly by the decision-makersln a similar way, modules(2) and(3) are
currentlymovedinto practiceat severalplacesmostlyin the contextof Intelligent Traffic SystemgITS).

Moving all of (0) to (3) into practiceis maybestill severalyearsahead althoughfirst attemptsare made
with TRANSIMS.

Resear ch oriented on case studies. Beforemovingthe modelsinto practice,it is importantto go beyond
the conceptualwork and provide real-world casestudieswith the applicationof thesemethods.In fact,
manyprojectsgo thatpath,e.g.at MIT (Ben-Akiva), at the University of Maryland (Mahmassani)andat
ETH Zurich (Nagel/Axhausen)lt is maybeworth notingthatthereis sometimes shortageof publication
outlets in the area of case studies, resulting in a lack of open and transparent discussion.



Implementation is too hard. Most of us makethe experienceghatimplementingMASIim systemss hard
work. Many of the conceptswere already around ten years ago, yet we still do not have a fully
functioning systemin place (with, maybe, the exceptionof TRANSIMS). The experienceis that
computationahnd computersciencemethodssupportis still muchweakerthanone might hopefor. For
example the areaof object-orientedanguagess split betweenavaand C++, andbetweenMicrosoft and
the rest of the world. The StandardTemplateLibrary (STL) in C++, urgently neededfor standard
implementation®f the mostbasicdatastructuresstill keepschangingfrom onereleaseof a compilerto
thenext. XML (eXtensibleMarkup Languageformats,which arevery usefulfor thefile-basedencoding
of agent-basedata,areonly slowly becomingstandard. This list could be mademuchlonger. An open
issueis thusif our implementationsvill evercatchup with thereal world. At this point, with respecto
activity-basedtravel modelingwe are using the computationaimethodsof the year 2000 to implement
travel behaviorof the 1950s(i.e. concentratingon day-to-daypatternsand excluding radio broadcasts
etc.). It is unclear if it will be possible to narrow this gap.

Dynamics of learning systems. It is completelyunclearwhat the range of dynamical behaviorof a

simulationwith co-evolvingagentswill be. From a theoreticalperspectiveanythingfrom “convergence
to afixed point” to “chaos”is possible Fortunatelyweatherandclimateforecastingvasandis confronted
with the sameissues,andis still capableto be useful. However,theseissuesneedto be sortedout if

researchers want to have confidence in MASim forecasting methods.

5. Inter-cultural issues and possible future projects

A root issuein our deliberationsabout urban traffic communicationsand land use interactionsis
recognitionof the strongtiesto patternsof housingdevelopment. The spatiallayout of housing,andthe
inherentneedto reachthe place of work separatedy increasingdistancefrom the home base,is a
fundamentaprocesdifferencethatleadsto the levelsof excesscommutingthatareprevalentin boththe
US andthe EU. Thereareclearcross-systencomparisongossible. The county-to-countytravel to work
datain the US gives someindication of the empirical realities,and there are interestingpotential data
analysis questions to be tested out as these levels of excess commuting are calculated.

Tolls andtaxesand congestiomitigation efforts arefactorsin destinatiorandmodechoicethatrequirea

moreintegratednodelof householdactivity scheduleandtrip-makingcoordination. Suchmodelsarenow

emergingas part of the discipline of microsimulation. Empirical researcimight addresgust how much

more onerousthe commutingsituationis for the core London and Dublin areasas comparedio similar

sizedcitiesin theUS. Whatmight we expectfrom theintroductionof a centercity entrytaxin Columbus
OH? What about a commuter tax in NYC (fiscal issue)?

The inherentcharacteristicof the demandfor housingmay have significant cross-culturalvariations.
(Whatis the normfor density? The Copenhagemodelof high densityis nice, butin reality the ideal of

morespaceds deeplyentrenchedn othercultural systemsotablythe US andCanada.)lhe availability of

spaceandthe provisionof affordablehousingwithin reasonableommutingrangeof work placelocations
is a critical issue(aswasrelatedto usin the exampleof in the needfor UCSB staff to commutefrom 50+
miles). The examplereplaysitself in Ireland wherethere are extendedcommuting distancesneededto

reachthe Dublin metroareawherehousepriceshaveeliminatedaffordableentry-levelaccommodatiorfior

the young and growing population.

If citiesaresprawlingandthelandis developedo providelower densitydevelopmentit is still sensiblgo
make surethat the location and allocation of activity is as efficient as possible. The older haphazard
intensebusinesscore that grew organicallyis conduciveto transit solutionsfocusedon the city center
(preferredbuslanesand high capacityand high frequencyalternativeso car and high costsfor parking
etc).If the urbanpatternis multi-nucleatedvith a new developingedgeof city it is quite helpful NOT to
haveeveryonetrying to funnelto a centralaccessibldéocation! If we arestartingfrom scratchwith a new
developingedgeof city, othersolutionsmight be possible. Giventhe complexity of the problem,we find
it impossibleto predict how such solutionsmight look like; microscopicsimulationoffers oncemore a
tool to investigate this situation in detail.



We believethatit would be usefulto revisit the suggestiorby Don Janelleto modeltheintrinsic locational
utility with two offsettingcomponentplacinga ‘natural’ premiumon certainlocationsandresultingin an
obvious peakvalue. In orderto betterunderstanctity organizationand its relation to housingprices,
modelswhich put the whole activity schedulinginto a spatial perspectiveare urgently needed. The
conceptis therethat higherrentsinside the city shouldbe balancedby (monetaryand disutility) costsof
commuting,andthefirst modelsof this are emerging(e.g.Marchal,2003). Balancingsuchcostsagainst
anextendedsetof activitiesin a personschedulenotjustcommutingmay provideanevenmorerealistic
link to activity schedulingprocess(e.g. balanceagainstthe combineddisutility costsassociatedwvith a
persongoutine/preplanneactivity set,which may/maynot include commuting). However,much more
research both on the modeling and onaimpiricalside will be necessary to fully understand this issue.

CanlICT help? In many countriesthereare high levelsof cell phoneusebut asyet low penetrationof
broadband;and in addition there are meteredphone and telecommrates. Even the emergingGPSR
technologyis to be billed on the amount of use and throughput,and this is not likely to make
telecommutingany easier.Also the widely discussedwWi-Fi solution, integratedin placeswith GPSR
(seamlessiandofffrom Wi-Fi to cell phonebasednets)is clearly someway from happening. Yet, the
futureseemso bethe possibility of everything servedovertheinfrastructureof the net(voiceoverIP); we
will operaten aworld wherethereareseamlesaccesso corporatedatabaseandthe ability to queryand
postdatafrom remotesite. But will this helpwith respecto transportatiorissuesg.g.sustainability? It
makesthe situation more complicated,and oncemore we point to modelingto help resolvethe issues.
Clearly, as was discussecextensivelyin the meeting,telecommutingcan make sometrips unnecessary,
andthereis somehopethatin a congestedituationwith high information (providedby ICT) thesetrips
will not replacedby other ones. Beyond that, we find it hard to make predictions. Possibly, the
overwhelmingdiversity and range of affordable housingin a more integratedurban system(the US)
providesa muchgreaterevel of possibilities. Equally possible the high densitiesof urbanizedcoreslike
London or New York City may allow solutions basedon high-classmasstransit, where one can for
example work on the train.

We needfurther explorationof the demandesponsivdravel modes[that were mentionecby Andy Lake]
and we seelarge potential for the STELLA cluster to assistin writing aboutand conceptualizingthe
translation of potentially useful models to a more realistic model of the choice of activity patterns.

Futureprojectsthat shouldinvolve cross-culturatomparisonsaswell ascross-disciplinarynvolvement,
concernthe understandingand identification of the behavioral/decisiorrules that govern the activity

(re)schedulingre-planning.etc.in responsdo ICTs. The computerscientistsgngineersgeconomiststc.

thatlead much of the operationalmodel developmenneedto be forthcomingand clearin outlining the
underlyingbehavioralassumption®f their models,andin highlighting their immediateandlonger-term
desiresfor alternativesbehavioralstructuresandrules. In this context,the above-mentionedcarcity of

publicationoutletsfor simulationwork, in conjunctionwith a lack of publicationstandardsn the area,
becomes seriousissue. The socialscientistsgeographergpsychologistsetc.thatleadmuchof the data
collectionandempiricalanalysis,needto pay more attentionto theseneeds and provide more definitive

suggestiorfor alternativedecisionsrulesand modelingstructuresaswell asthe provisionof quantitative
datafor their estimation. We mustgo beyondseparateublicationson thesetwo issues(which may or

may not be consideredby each party), and instead,team up at the earliest possiblestageof project
developmentn genuinecollaboration. This shouldinvariably leadto developmenbdf decisionrulesthat
are both behavioralrealistic, and operationallypossible. Cross-culturally,an importantgoal will be to

identify and assessthe “stability” of decisionsrules that are identified, and thus the potential for

transferability.
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