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What Is NCTCOG? 

The North Central Texas Council of Governments is a voluntary association of cities, counties, 
school districts, and special districts within the sixteen-county North Central Texas region - 
established in January 1966, to assist local governments in planning for common needs, 
cooperattng for mutual benefit, and coordinalmg for sound regional development. 

ihe Council of Governments is an organization of, by, and for local governments. Its purpose is 
to strengthen both the individual and cokctii power of local governments - and to help them 
recognize regional opportunities, resolve regional problems, eliminate unnecessary duplication, and 
make joint regional decisions - as well as to develop the means to assist in the implementation 
of those decisions. 

North Central Texas is a sixteen-county metropolitan region centered around Dallas and Fort 
Worth. It has a population of 4.1 million persons and an area of 12,800 square miles. NCTCOG 
has 208 member governments - in&ding 16 counties, 151 cities, 21 independent school districts, 
and 20 speclal dlstrkts. 

NCICOG’s offices are located in Arlington in the Centerpoint Two Building at 616 six Flags Drive 
(approximately one-half mile south of the main entrance to six Flags Over Texas). 

North Central Texas Council of Gavemments 
Post Office Drawer COG 
Ariington, Texas 76006-5668 
(817) 64&3300 

NCTCOG’s Department of Transportation 

Since 1974 NCl’COG has served as the Metropolitan Planning Organization (MPO) for 
transport&on for the Dallas-Fort worth area NClCOG’s Department of Transportation 
is responsible for the reglonai planning process for all modes of transportation. The department 
prowdes technical support and staff as&stance to the-Regional Transportation Council and its 
technicA commitbs which compose the MPO policy-making a Inadditionthe 
department provides technical assktance to the local govemm ents of North Central Texas in 
ptannmg, coordinating. and implementing transport&on decisions. 

- 

- 

- 

- 

Thepreparationofthiidocurnen twasfinan&thmughgtantsfmmanddiiinaWdunderthe 
sponso&ip of the Urban Mass Tmnsportation Administration and the Federal Highway 
Achinhati (US. Department of Transportation). The Unii States Cuuemment assumes no 
habiiity for its contents or use tilefeof, 
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In 1986, the North Central Texas Cuuncil of Gov emmznts(NCTWX)ux&ztookthe 

revisionofitstravel demard fommstirqmodel. This effortwas closely 

coordinatAwiththe!3zate DepartrnentofHighways andPublicT%nsportation 

(SD-ET), IMlas Area Rapid Transit (MRT.), and the Fort Worth Transit Authority 

(=I l 
?heoutcoanewasa~~wfiichwas~lapedbasedontravelpa~ 

intheDallas-Fort Wortharea andusedjointlybythe fouragencies. 

tolnodel travelbehavioraxxlpredictthelevel oftraveldemaMatregional, 

-, orsmallarealevels. SimilartothetraditionalU&anTVansportation 

PhInniq syStem(vI1ps)sorcWarepackagedENelapedbytheFederalHigfiway 
. . Admmsbation (FHWA) and the 

the milt- !Ltmnqortatim 

of M.Progranrs whichis 

Uhan Mass !Eansportation Dtion (UMTA), 

Analysis FQmcess (MAP)consistsofalaxgeset 

primarily used for long-rangeperfomance 

evaluations. ?he~rarisianoftheModelreliedheavily~theresultsof 

the 1984 Home Intemid, Workplaoe;!, andTransitOn-EIoardSumeys3 as 

well as the 1980 U.S. CensusJourney-to-workdata. FigurelshowsNCEXJG's 

Transportation !Xudy Area in which transportation planning efforts are 

concentrated. 

lIlefourmain -of-Model arebrieflydescribedinthissection. 

Detaileddisa2ssionsofvariousrmdel mqxmntsarepmvidedwithinthebcdy 

ofthereport. !lBrmgh~thetext,triplplrposes aredefinedinoneoffour 

Ways: hame-basedwork(HEeJ),whi~~l~tripsfroanhoanetOworkorwr>rktO 

hcxm;hcme-basednonwork (HNW) trips, ixludingallnommrktripsbeginningor 
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endingathaane; nonhme-based (NHB) trips,whichi.ncludesalltripswherehom 

isneithertheoriginn~rthedestinationend;and~~~~ trips includingthe 

--in-, internal-, and --external tripsaswellas 

truck and taxi trips. 

?hep~beginswiththeestimatianofmajorsocioecancaaicvariables for 

each zone (e.g., mation, e@oymnt, median incme, etc.).4 The 

infomationisthenfedintothe!Frip&neration I%delwhi&g-testhe 

rnmrberoftripssenttoandfromeaChzone. The TripDistributionModel 

deteminesthe interactionbetweeneach zoneand therestofthe zonesinthe 

study-* Themdeoftravelisdebmimdby theModeC!hoiceMcdelwhich 

dividesthetrips intotransit (if applicable) andautcmbiletrips. The 

autombile ocmpamyisalsodeteminedbythisMakl.IheRoadwayAssignment 

orthe~choice~elloadsthetransitard~ytripsontothe 

respective networks. Figum2rep resentsthe flowofthispmcess. 

~eTripGeneration~~~the~ationand~l~tdatairrt0 

persontripeMsandmt@sthetotalnmkeroftripspmducedbyand 

attractedtoeachzonebytrippurpase.lkeHBVpurposeis furtherstmtified 

byf& i.ncoE quartiles. The crass-classified productian model is stratified 

by inccune quartile and h-old size. Iheallccationofamne~shouseholds 

intothefourincoane qua?rtiles at-d six household-size categories is based on 

setsofdi&ributioncurvesdevelopedfmnthe1980 ensusdata. me 

cross-classifiedattractionmodelisstratifiedbyareatype,~laymenrt~ 

(basic,retail,service),andin~oseoftheHBwtsippurpose,incQae 

quartile. ArmtypedesignationsrepmsentthecmCnedpalxllatianand 

r 

r- 

enploymntdensityofazone. 

3 



FIGURE 2 

SEQUENTIAL TRAVEL DEMAND FORECASTING PROCESS 
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IheTripGemrationBMelallowstheusertodirectly~the -ts of 

trips associated with special genemtoxs. Thesevaluesarethenaddedtothe 

tripsgeneratedbytheMcdel.Traditionaltraveldemrdforemsthqmdels 

often~~~S~~&imatethetripsg enerated forspeciallaxd-usecatqoriesmainly 

~etothediscrepancyintripratesandtherelativelyhiFpl~laymentat 

these facilities. Attheendofthegenem tionpl?oceS, HDJ trips are balanced 

totheestimatedtripattractions. Alluther~xuposes arebalancedtothe 

estimatedtrippxductionsinthatzone. Becauseofulelmiqueness of the NHB 

trips, zonalprcductions forMIBtripsarelabrsetequaltotheattractions 

in a given zone. 

-Trip 

the Trip 

. . r)lstslbutian~usesthepersontripstoand 

GenemticnModel,plusthezone-*zone- 

frcmeachzone-flmm 

travel time 

infomation from the xwdmynetworktoestimatethenmberofpersontrips 

betweeneachpairof zones for each trip purpose. Allesthtesofroadway 

traveltimes include arepresentationofthetimelocat~a~~space, 

payingforparking, andwalkirqfrmthecartotheoffice. Estimhsofthese 

. :I- the9 were derived frm the 1984 Workplace Sumey. 

IheModelusesastardad gravityfonmlationtechnique 

. mterdmyetrips. secoti-0~ Bessel cu.ures areused 

function foralltripm. The performance of the 

inthe 

asthe 

estimation of 

travel decay 

functionwas 

aqmredagainstthemore . COWXll~usednegative~ functi.onard 

. debm~~&toperforrnsub&mUdlybetterinsinahatirgshortertrips. For 

alltripplrposes, iterationsof~gravitymdelarerequired~ensurethat 

the~~rnrmberofzanaltripsreceivedequaltheKojectedrnmvberoftrip 
. 

attractionsgenem tedbytheTripGenemtionM&el. lheuseofan 

r 
5 



. ~tified~modeleliminatestheoverestimationoflow-~trip 

attractionstohigh-im=ame EmploynEntlocations. standardgravity-basedtrip 

distributionmodelswhi~donctuse inccmelevelswuallysufferfmmthis 

deficiency knuwn as the %hite collar/blue colla?? trip orientation problem. 

. 

Thechoioeoftravelnrode~autolmobile~isdeterminedinthe~ 

ChoioeMukL Usingtheinformationregardingthecharacteristicsofthetrip - 

m (e-g., incme,auto mnership),&aracteristicsoftheroadwayand 

transit systems (e.g., in-vehicletime, out-of-vehicletim), andthetravel - 

e (e.g., toll, fuel, fare), theModel splitsthetripsamngallapplicable 

lmdesoftxavel. Ebsed on a simple multinmial lcgit forxazlation, the Model 

addrksesvariouschoicesets fortheHEW,HNW, anlNHBtrippuqoses. VIMEEP - 

trips are assmedtobevehicletrips ofocmpanq OIlfZand~natprocessedby 

theModeChoiceMcdel. Thechoicesetsareas follows: - 

Hi37: Drive Alone, 2 Occupant ShardRide, 3+0cmpantshared~de,walk 
- 

access to Transit, Auto Access to Transit: 
- 

HNW: DriveAlone, 2+OmupantSharedFLide,WalkAccessto!Pransit, Auto 

Access to !l?ransit; 

NHB: Drive Alone, 2+ Occupmt shared Ride, Transit. 

Inallthree suhr&els,transitistmatedasagenericmderatherthan 

specifyirrgseparate~ofl~bus,~~~,ardrail. 

6 
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TheModeltreatstravelerswithafull~eof~ioesdifferentlyf~those 

facingrestrictions ontheirchoice sets. Thelattermaybedivided intothree 

groups. 'Ihefirstgrcrupincludestravelerswhoserestricrtionsantheirchoice 

setarisefrumpm5onalchaxactmAstics. Theinabilitytoaffordanautombile 

restrictsthetravelertothewalk-accessed transit mde or the ridesharitq 

option. The~grcolpistheautcHnabile-captivetravellerswhosechoices 

arerestrictedtodrivingaloneorrideshar~. tl3i.SsrrrupiSIllainlyccanposed 

ofindividualswhoseoccu@ionn2quims theuseofacarsuchassalesmen, 

self-enrplayedindividuals,ormanagerswithacaesstoccanpanycars. Thethird 

groupcontains irdividuals~oresidesignificarrtlyoutsidetransitservice 

areas, againrestrictedtodrive-dloneorridesharingoptions. Themasonfor 

awm=ernwithcaptivesresideswithintheM~oftheModeChoiae~ 

which ishsedontheoriesofchoicemnongalternativemdesoftravel. 

ForcingtheModeltodmose illogical alternativesmaybiasthe~fficientsto 

%@aW such choices. 
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TheRoadwayAssignmntModelusesan Wcapacity-mined 

pmceduretoloadthevehicletripsontothemadwaynetmrk. A 

gene.ralized-costpati-hildirqte&niqueisembeddedwithintheMcdel. The 

=Pe beweentwozonesistheonewhi&minilnizesthetotalimpedanr=e 

alongtheroute. Thecal~ationofhpedanmisbasedontraveltinq 

. dl&ance(fuelcost),andtollsaMitheir associated weights. As traffic is 

loadedontothelinks,speedis reduced according to a volume-delay 

relationship. Linkhpedanmisthmupdatedamoxdiqly. !lheModelcan 

performdaily~peak-hourmixed-flcrwassignmentsaswellasproj~~for 

peak-periodHCWusage. All*r-nothixqassigrnnerrtsmayalsobeperfomedto 

identifythedm inagivencorri.dorortochecJcforerrors innetwork 

coding. 
P 
I I 
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TheTxansitAssi~procedme used inloadingthetransittrips ontothe 

transitnetworkisaconsiderably differentprocess thant.heROaMy 

Assignmnt. Nocapaci~-?xst-rajnedpath-builwmodels axe involved. Transit 

tripsareloadedontothe fourpathsdefinedbythepath-hilderinorderto 

rz?nsuEsIMotherresults. 

TheunderlyingprinciplearoundwhichtheMIlAP~was~tisa~of 

detail~aatasetscalledthe~~~onInformation~(TIs). These 

data setsarewnstantlyn&ntainedforthewholeregionatthefinestlevel of 

detail available. Theprccessisdesignedtoselectfmmthewqxehemive 

data sets anappropriatesubsetofdata. WE study area will have the best 

detail availabletiletheuther areashaveonlyprimary~. Thefocusing 

techniquepresem estheactivityofthebholeregionar~3prwidesamanageable 

and cmputationally efficient problem size. 
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me TJmsportation 

regionaltranqmrtationplanniq. !msefilesareusedbytheMul~ 

TLansportation Analysis process (bE!AP) for detailed traffic and transit studies 

~asaregiondLinventoryof~~atiananddewgraphicinformation. !Ihe 

dataisorganizedaroundhistoricdlandanticipated~yimprwements. The 

data ismaintained fortheregionattheleveJ. of detail mquired forsmall 

area studies. mefilesare constantlyupdatedtoincludenewinfomationam3 

chansinsPla= 

There are five data files associatedwi.ththeTIS: 

MajorlhomughfareNodeFile (MIN) 

Major9muughfamLinkFile (IQL) 

StreetNanreFile (STRNAM) 

TrafficCountFile (CITC) 

Zoml Activity File (ZAF) 

TheMajorThoruughfareNode (MD-I) filecontainsnetxxknodes foraparticular 

madwaynetworkandthedata associated with each node. !misdataincludesthe 

node~sX~Ycoordinatesusingthe~stateplanecoordinate~,the 

trafficsurveyzaneitis~inedwithin,itsload~w~aPseflags,tfae 

~oflinksattachedtoit,itsdimemap~,andtheMnresofthecross 

streets thatdefinethenode. Separate filesvmhtahed fordifferent 

yearsanddiffemntmadwayalternatives. 

r L 
c 

-.. 
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TheMajor?thomughfareLink (MIS) fileisthebasiclinkdataset fora 

partiailarmadwaynetwork. Eachlinkhasthefollowingattributes: network 

ncde rnmbers defjning the -inning and end of ati link, traffic direction 

(one-way or tm-way), functional classification, divid@/uxIivided roadway 

code, number of intemening wntrols along the link, type of traffic wntrol at 

eachendofthelink,jurisdictionnunber,linklength,nu&erofoperational 

lanes inthepeakperiod, nuder ofopxationallanes intheoff-peakperiod, 

speedlimit,trafficsurveyzone,citycode,anddimemapmrmber. 

Inadditiontotheabveinfonnation, eachlinkisassignedaneight*gitlink 

name. Thefirstfourdigits~~yidentifyanddistirrguishthecoded 

roadways and are known as the 8tfatnilytt series of the link name (e.g., Coit 

Street family series). The second fourdigitsdefinethepo5itionofthelink 

withinthe family. ?hecmbinationofthesetwop3rtsresultsinauniquelink 

identification over Tim. Thisvariablealsopruvidesa~-ossreference 

betweenthelink,thestreetnam,andthecountfiles. TheICLfilecanbe 

A close conpaniontotheIQListhestreetnamfile. Itwntainsthe 

alphanumricstreet names asscciatedwith~chroadwaylink. Itisprimarily 

usedforreportwritingandplatting,all~theusertorelatestseetand 

cro6sstreetMmes witheachlinkintheMl?Lorotherlinkfiles. 

me finallink-orienteddatasetisthecountfile.5 The filewntainsthe 

linkname,themost recent 24-hour traffic count for each link, up to two 

prwiauscauntsforthelink,thedateea~caclrrtwas~,~saurce of the 

count,and&etheritisraworadjusted. Thestreetandcitynamsassociated 

.- 
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witheachlinJcarealsopc&edonthe file. Thecountfile isused inthe 

validationofhighwayassigrrmentsandinestimating~vehiclemilesof 

travel intheregion. Italsoservesasamajor~o~ti~databasefor 

lccalgov~ 

The fifth !LTS file is the Zonal Activity File (ZAF). It con&ins the 

demgra~cdatausedinthemdelingpmcess. Theda~isoryanizedby 

Traffic Survey Zone (TSZ) which is the smallest zone size available. Them are 

axrently5,691TsZs i.ntheTransportationStudyArea. ThedataontheZAF 

fileincludes: thefullz~hierarchyforea~~Z(seesectirm~Zone 

Struchrre);coordinatesofthez~oentroid;lrrPdianhollseholdinooplre;ranrrber 

ofhouseholds; population;basic, retail, andse.rviceeqbymen~ andtotal 

amaofthe zone. 
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Thezonestructureforastudyisg enerateabythe =ba=af==iwProgram 

calledmaJS. mefccusiqpmcess centersarounIahierarchyofgeographic 

subdivisions called zones. Ead-llevelofthehierax&ywnMnsthefullset 

of regional demgraphicdata. Thelaxgestsizezonesystemiscalled 

jurisdictions (JUR). Then2 are curmntly47 jurisdictions intheI%lhs-Fort 

WorthTransportationStudy&ea. Eachjurisdicti~issubdividedinto 

TransportationAnalysisDistricts(TAD),~~in~aresukxividedinto 

F&gional'AnalysisAreas(RAA). There are 236 TADS and 605 RAAs in the 

Dallas-FbrtWorthregion. EachRAAissubdividedinto~AnalysisDistricks 

(LAD), which inturnare subdivided intoTrafficSumey Zones (TSZ). !thereare 

2,215 IAB and 5,691lSZs. Afterasetofzonesareselectedfmthe 

hierarchysystem,theareaS~ ?xnmbx&andthereaftercal1edmz0nes. 

Insel~~zones,theuserspecifies~coordinaterangesof~ar 

areasandthe zonelweltObeselected. Zonelevel codesaredefinedas: 

1 =Jm,2 =TAD,3=RAA,4=IAD,5=!ISz. Rsmanyas50Ix?cbng1escanbe 

usedtodefinetheaxeaofintemst. Inthelihlysituationthattwoormre 

mctanglesdefinethesameama,thelevel codeofthelastrecbxqlewill 

prevail. Typically, a subarmisdefinedwithalaryerecta@eatthe 

jurisdictionlevel followedbyp~ivelysmallerrectanglesdefiningthe 

TAD, RAA, IAD, and lsz -es. Theresultisafocusedzonestructurethat 

hmeasesinzonesizeawayframthearwiofintemst. Zanestmchnscan 

varysignifimntly,depe&bqontheplrposeofthestudy. Forsubarea 

analysis, everya~ismadetobepthesmallestzonesize (TSZ) withinthe 

area of intemst . AnothercmmnpracticeatN~istodefinethezone 

12 
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~~forregionalanalysissuchthateach~zoneinthe~area 

wntainsapprmimatelythesamlwel ofpopulationardemploymntactivities 

intheforecastyear. 

Indesigniqazonestmctme for a given study, the user must keep the 

following @nts in mind: 

F~,becauseofthehierarchical~tureofthezonesystem,theselectionof 

asingleTSZ-lwel rectanglewntainbqthecentmidofoneTSZ of a 

jurisdictionwillleadtotheinclusionofalloftheremaining~Zswithin 

that LAD. consequ~tly, allofthemmahing lADswithinthatRAAwillbe 

included;allofthe reminiqRAAswitithatTADwillbeincl~;andall 

0ftheremainingTABwi~thatjuriAictionwillbeincluded. Figure3 

shads the result of this zone selection. 

- 

- 

- 

- 

- 

- 

- 

- 

situation, allzonescutsideof~l~~rectanglearedeletedfroanthe 

submSIfthism&hodisused, --andinternal -exbmaltrips - 

mustbemanuallygenerat&iatextemal stationsdefinedbytheuser. - 

Finally,becauseTAPzonecentroidsarecalallatedasthecenterofactivityof 

azane,itisgenerallyadvisabletousethe~iaofbo~ apreviously 
- 

definedzone stmctumwhencreatim3altematenetworksordmqqh 'c data 

sets. As demgraphicactivitycharqes inanaltexnative, sowillthelocation - 

0fTAPzonecentmids. lhis technique is ccq+tationally mre efficient and 

avoidsthepatentialprabl~associatedwith~centrOidSwithinafixed - 

w= system= 
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Inadditiontotheselectionofa zone structure, FOCIJSwillcreate a 

TSZ-to+FAP zone equivalency table. This table associateseachTSZwitht.heTAP 

zone it iswntainedwithin. BecausetheTsZstructureisgenerallycondant, 

itispossibletousetheequivalencytablesof~TAPstudies~generate 

thewrrespoxdirqequivalenqtable betweendiffsentTAPzone-. 

lhisbeccmsusefulwhenmdeshareandautoocarpamy Yzsultsaretobe 

borruwedf3mnapreviousstudy. 

- 

- 

- 
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oHme-ISsedWork-liwIncome(~) 

l Hoane-BasedWork- mwan Incame (HEN) 

l Home--Work- High-Median Incame (HEW) 

l Hme-Ebsed Work - High Income (HEM4) 

l Hme-EwedNonwork(HNW) 

l NonhomeBas& (NHES) 

0 other (cm) (including internal-external, --in-, 

extemal-ackmal, tsuck, titaxitrips) 

?herross-classificationTripGeneration~~beginsitsprocessby 

aggregating~TrafficSu.rveyZone (TSZ) data fmntheZonalActivity File (ZAF) 

intoRegionalAnalysisAreas(F?AA). misisbase!don~asslmprtionthatall 

TsZs inanRAAhaveson~averagesocioeconcmi c&aracte.risticseqIualtothe 

averagefortheFUAAinwhicbtheyarefomA. 2hedataincludesmedian 

household i.nm~, how&old size, employment incanre, CUhd~type. 

Tripproductirmrates~definedas~rnmrberofpersantrips~hausehold 

and are stratified by incane quartile and hcus&old size. meestilnationof 

trippruductions ~s~lythe~~catianoftripratestothe~of 

hcuseholds in a zone, stratified by incme and household size. 

16 
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Wlesl-4 shawthetripp~~i~ratesusedinthe~~on~. Notice 

that YYIHEEI~~ trip rates are nut stratified by household size amI incame 

quartile. ~en~of~tripp~~~aremorecloselyassociated 

withazone'sareatypeandempl~tmix. Thesevariablesaredkxssed in 

greaterdetail inlatersections ofthisreport. Allofthetrippmduction 

rateSweredevelapedfnmthe1984~~~i~suWey. 

HaxMmldInxlneDkWbtim 

In Trip Generation, eati zone's households are divided among the four incme 

quartiles, basedona setofcumesd~elopedfrmthe1980Censusdata 

(Figure 4). Thecurvesusetheratioofthezonalmedian~tothe 

regionalmedian imxarreastheindependentvariableandpredictthefractionof 

hauseholds inthe zonethatfallineachinamequartile. For example, if the 

zonal median Iillcom is $15,000 ard the regional median is $30,000, the r&i0 is 

0.5. For a ratio of 0.5, the curves show an income distribution of 54, 28, 11, 

and7 pementforlow, law-median, median-high, andhighquartiles 

respectively. Theregionaldistributionof inccmisthencmparedwiththe 

quartiledefinition. Hterapplicationofthissteptoallzones,theModel 

thenche&sthattheregionaltotdlrnrmberof housfkoldsineachquartileis 

25 pe.?nnt. Usiqaniterativepropo*ional fixprocedure, it normalizes the 

distributions for each zone, if necessary, toachievetheregional 

distribution. 

Bws&oldSize~ 

Adistributionofsix hacs&oldsizecategoriesis~ymadeina 

similar manner (Figure 5). Has&old size distributions are mt balanced to 

1980 observed data. This assumes that household size varies over time. 

- 

- 

- 
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QfZEe 

Hcxm-BASED ImRK TRIP PFtorxErIoNs 
(Fwso.nTripsperHous&old) 

Has&old Size 

1.204 1.970 2.423 

1.552 2.267 2.812 

1.600 
I 

2.800 
I 

2.848 

4 5 

1.846 2.500 

2.864 2.667 

2.824 3.696 

3.198 3.439 

6 

2.875 

3.300 

3.846 

5.286 

TABLE2 

Ham-m NoNmlm TRIP PIlomc!rIoNs 
(FersonTripsperHu~~&~ld) 

Has&old Size I 

1 
2.185 

I 
3.167 

I 
3.524 

1.620 2.791 4.028 

1.724 2.740 4.205 

2.455 3.145 4.527 

4 5 6+ 

4.500 4.833 6.875 

5.682 8.000 7.700 

6.500 8.478 8.385 

6.840 8.927 14.143 

18 



TABLE3 

NoNHaYE-E3ASEDTRIPmmcrtmS 
(F%xson!tYipsperHousehold) 

(ruartile 1 2 3 4 5 6+ 

1 1.300 1.600 1.714 2.000 1.500 0.750 

2 1.6ll 1.657 2.014 2.500 2.208 ,1.800 

3 1.690 2.093 2.188 2.989 3.522 2.077 

4 3.364 3.275 2.866 2.821 3.463 3.357 

I 
Basic 0.264 0.298 0.395 0.488 1.007 

Retail 0.395 0.632 0.791 0.969 1.318 

Sexvice 0.264 0.290 0.380 0.527 0.796 

IOUS&OldS 0.375 0.375 0.375 0.375 0.375 

1 2 5 

I 
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OncetheseindiviZtual~~o~havebeenestablisbed,ajoint~~on 

of hous&old size and iname quartile is created. !Ihe 1980 Census -es sham 

inTable5areusedasastartingpointinaniterativeprocess which adjusts 

this~~ontosatisfythemarginaldistsibutiansestimatedforea~ 

zone. 

'IheAttxcticmB&kl 

Tripattractionsaredefinedasthe~ofpersontripsper~layeeardare 

stsatifiedbyareatype,~l~type,andintheoseofthe~trip 

purpose, incame quartile. OncearmtypeshavebeencdlculatedarkIthezonal 

distribution of h&old incame oftheenp?layeehasbeenestablished,person 

~ipattraCtionsarecalculatedusingtherateS~inTables 6-9. 

HouseholdsareaboincludedasanattractOr. Thetripattractionxateswere 

developedfrcmthe1984WorkplaceSurvey. Specialgenera~rsandextxnal 

stationtripsaresuppliedtotheTripGenerati~~~bytheuser. 

r 
r 

--. 
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1980 CENSUS D IsI'RIBvmoNOFINCXBlEZWD HousEHorn SIZE (%) 

InamQuartile 
How&old 

Size 
1 2 3 4 

1 12.48 6.77 2.58 1.17 23.0 

2 6.64 8.17 8.33 7.86 31.0 

3 2.66 4.28 5.41 5.65 18.0 

4 1.58 3.24 5.02 6.16 16.0 

5 0.84 1.43 2.23 2.50 7.0 

6-b 0.80 1.11 1.43 1.66 5.0 

25.0 25.0 25.0 25.0 100.0 

- 

- 
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TABLE 

-Type 

QZEe 1 2 3 4 5 

1 1.677 1.384 1.413 1.312 1.389 

2 1.695 1.454 1.300 1.277 1.464 

3 1.545 1.421 1.300 1.260 1.530 

4 1.378 1.296 1.300 1.388 1.521 

-Type 

QEEe 1 2 3 4 5 

1 1.500 1.486 1.643 1.400 1.455 

2 1.500 1.363 1.400 1.400 1.400 

3 1.467 1.435 1.736 1.634 1.400 

4 1.500 1.300 IL.344 1.358 1.286 

Quartile 1 2 3 4 5 

1 1.732 1.296 1.424 1.402 1.422 

2 1.700 1.322 1.430 1.295 1.338 

3 1.700 1.341 1.365 1.456 1.566 

4 1.704 1.258 1.265 1.323 1.244 

24 



Basic 0.453 

Retail 0.811 

service 1.574 

Househol& 0.442 

mBLE7 

Ham-m NONWRK ?IRIp ATrRAcrIoNs 
(PersonTripsFkrEmployee) 

Basic 0.500 

Retail 1.100 

Service 0.600 

iouseholds 0.100 

1 2 

0.442 0.300 

1.144 8.796 

1.005 1.000 

0.500 0.511 

3 
I I 

4 5 

0.200 0.139 

8.060 6.164 

1.059 1.812 

0.627 
I 

0.682 
I 

- 

- 

TABLE8 

NoNI-mE-BASED !mIP ATI'RACTION 
(Fefson WipsF+zrEItployee) 

1 

0.655 
I 

0.858 

1.462 4.272 

0.877 1.167 

0.104 
I 

0.216 

4 

0.589 0.500 

3.717 2.978 

1.243 1.095 

0.261 0.235 

5 
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Basic 

Retail 

Senrice 

iOLlS&OldS 

TzmTx9 

cYIHERTRIP-m~ 
(BxsonTripsPerEnployee) 

1 

0.208 

0.312 

0.208 

0.299 

2 3 

0.235 
I 

0.312 

0.499 0.624 

0.229 0.300 

0.299 0.299 

26 

4 5 

0.385 0.795 

0.765 1.040 

0.416 0.628 

0.299 0.299 
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Areatypesarezonalattributes calculatedfmmtheactivitydensityofeach 

RegionalZmalysisArea(FIAA). 

Activitydensity isdefin&as: 

9 = (F0Pi + (B * mi))/AIEAi 

where: 

9 =activitydmsityofzonei 

F0Pi =populationinzonei 

=i =totalenplopentinzonei 

AREAi =totalareaofzoneiinacres 

B =l.603 (regionalpopulationtOenplqnEntratio forthe 
1984 calibration year, stays con&ant for forecast years) 

1. CerrtralBusinessDistrict 

2. OuterBusinessDiskri~ 

3. Ur3xnFGsidential 

4. submban~idential 

5. Ftlral 

IknsitvFbme 

> l25/acre 

30-l25/acre 

7.5-30/a- 

1.8-7.5/a- 

< 1.8/acre 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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. horizon. This con&mu& refle-ctstheassmptionthatnootherareawill 

darelopwithanenvirwrmerrtthatissimilarin~~tothearncent~, 

particularlyintheactiviti~associatedwith~sulJportedby~within 

the CBD. ~erefllltsoftheactivity-densityestimatesaredLso~i~to 

detectisolat&zoneswithinotherwisehcmgeneous areasan3overridesthe 

assigmnentofarea Qpeswhereappropriate. 

ZCXEllDIDlCWE!ITtIEClE 

TlxeTripAttractimModel requimsestimationofthedistrtiionofhcrusehold 

incmeamongemployeesattheirworkplace. Thisunusual n4ubmmtocaus 

becauseapplicationofthe incame-stratifiedHEMtripdi&ribtionprocessuses 

attractions stratifiedbyincomequartile. 

N- estimates the inccmdistrikrtionof~lqeesinazmeontLbasisof 

thei.namelevelof householdslocatedinand-thezone: 

r . 
FC!IBPl= 0.11500 + 0.04486 * HH670-1+ 0.03502 * I-E75-1 

r I 

r 

r 

r L 
r 
1 . 

FCI'RW2 = 0.15892 + 0.07858 * HH670-2 

PCIDlP3 = 0.17000 + 0.05969 * HH670-3 

RZmIP4= 0.41000 + 0.06893 * HH670-4 - 0.00629 * HE50 

where: 

W =percentemployxEntofi.nMnfZ quartile WiB1 employees in a 
zone 

HH670-i = ratio of income guartile IIiII hmseholds within 6.70 miles to 
total number of hauseholds within 6.70 miles 

HE75-i =ratioof - we "i" haIs&olds within .75 mile to 
totaleqlqmntwithin.75mile 

HE50 =ratioofall hous&oldswithin.50miletotu&le@ayment 
within -50 mile 

i- , 
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ExxzcialamtiBrternal stations 

Specialg-torardexternal stationtripsaredixectlyaddedtothe 

GenerationMcx3elbytheuser. Sixcategories 

culzmtlyusedintheModel: 

l RegionalShoppingMalls 

0 UniversitiesandColleges 

l Hospitals 

0 OcmmercialAirports 

0 Regional 

0 Military 

TheModel applies 

these g-to=, 

FbxreationFacilities 

Installations 

the generaltripattraction 

theuseraddsthe- 

ofspecialgmeratorsare 

- 

ratestothe 

. uw=renrent of 

=Y?laymerrt from 
trips associated 

withthepartiahrtypeofspecialg-tor. ?he inuementaltri~are 

calculatedfrumthedifference betwemthegmeraltriprateforaparticular 

employmenttypeandmespecialgenem tortriprateasdeteminedfmnthe 

RegionalTravel!%rveyofatleastonespecialgeneratorofeachtype. Special 

generators used in the Vegional mdelgg are listed in Table 10. Additional 

categories of special g aerators (e.g., high schools) or additional generators 

ukkrtheabuvecategoriesmaybeusedinmxedetailedsubareasb@y 

applications. 

- 

- 

- 

- 

- 

- 

- 

- 



TABLE 10 
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REGIDNAL SPECIAL GENERATORS 

Generator Location (TSZ) 
-__-___----------__---.-------.------------------------ 

Retail Malls: 

North Park 086 
Prestonwood 531 
Collin Creek 6559 
tallcria 549 
Redbird 3894 
Toun East 2829 
Richardson Square 72a 
Six Flags 9058 
Saninary South 6078 
Ridgarmr 7542 
Northeast 8129 
Valley View 550 
Irving Us11 126 
The Parks 7944 
Vista Ridge 9642 

Universities and Colleges: 

Southern Methodist University 1888 
Texas Christian University 6016 
University of North Texas 6665 
University of Texas at Arlington 9125 
University of Texas at Dallas 9275 
Brookhaven College 232 
Eastfield College 2778 
Richland College 745 
Tarrant Comty J&or College (I.E.) 8230 
Tarrant Comty Jmior College (S.) 2740 

Hospitals: 

Baylor Medical Center 
Dallas Veteran Administration 
Harris Methodist Hospital 
Parkland Memorial 
Presbyterian Hospital 
St. Paul Medical Center 

2353 
4158 
5897 
1786 
890 

1763 

Recreation Facilities: 

Six Flags over Texas 

Airports: 

D/FU 8361 
0366 
8369 
8367 
8378 
8365 
1700 
5055 

Love Field 
Meachun Field 

Military Bases: 

r 'Carswell 
Naval Air Station 6 
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TriD Balancinq 

Regional tripproctuctionsandattractionsarebalancedforeach trippupose. 

- 

- 

productionardattmCtiontotalswillbeequal. NcTcoGcontrolsHEAJtri~by 
- 

~qyartiletotheestimatedtripattractions, ardallothertri~purposes 
- 

~b&kncedtotheestimatednumberoftripp~ons. 

NHBtripsthengo 

each zone are set 

balancingpmcess 

equaltotheatdxctions inthatzone. Thistm-step - 

forNHBtrips isnecessary becausethetripprductionmodel, 
- 

appliedtohous&olds intheirhm zones, cannotloc&ethenonh-basedtrip 

ends intheirappropriate zones. misbalancingstepthereforealloca~the - 

NHBtrip productionsindirectproportiontoNHBattractionswhiChare 

associated with nonhcme activities in eati zone. 

31 



As discussed -Ii-, the Major 2homughfare Node (msq d Link (Mz) fiki 

areanintegmlpartoftheTransportationInformationSystem. lbgethcxthey 

formthebasicroadway~rkonwfrichthemodelisbased. MlTLiscreat&and 

editedthmughaprcgramcalledMEEDIT. Linkscanbeadded,mdified, or 

deleted. lXepmgramperfomrsanunbroflogiccheckstodetectermrsinthe 

data set. 

lWIEDITalsocreatesar~3editsthestreetname(sTtRNAM)file. Additions, 

modifications, anddeletionscanbemade~theprogram. Them& 

STRNAM files canbenmdifiedatthe sametime or-y. 

~eMMfileis~~ardupdated~theprogrmnMMEDIT.Iheprogram 

operates nluch like Ia9lEDIT. Nodemcoxdscanbeadded,mdified,ordeleted, 

andbasiclcgicchehsaxeperformedonthedata. BecausetheMINfileisan 

inpvttotheMllEDrrprogram,aniynodemodifications~~dbemadebefore 

u@atiqtheMFLfile. 

r 
r 
r 
r 
r 

Thenetmrknodeandlinkdatasetsare fururer~tuponby~P- 

NODEF'REPand -. NODEPREP amparestheTsZsonthenode (NN) filewith 

azonal fileto ensureeachnodehasbeenassignedavalid~2. -posts 

free~,estimatedloadedspeeds,capaciti~,andareatypesan~~ 

record. Itdlsoccaaparesthelink(Mm)filewithMezoadlfileto~ 

thattheAandBnodesofalinkhavebeenassignedavalidTSZ. 

r t 
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Ftzmticxlal tIZassi.ficaticm 

its capacityandspeed. They are as follms: 

O- zone centmid~nnectors (approachlinks) 

l-Feeways 

2 -Principal2&-te.rials 

3 -MinorArterials 

4 -collectors 

5- Lccalstreets 

G-Ramps 

7- FrontageRoads 

a- HighOcaqmcyV&icleIanes 

numbf2.r of intervming controls, and the end ncde traffic control coded for each 

link. Ingeneral,thefunctionalclassardareaQpede~thedelay 

associated with various traffic controls (e.g., signals, step signs, yield 

signs). Trafficcontroldelayisadded~thetraveltimederivedfroanthe 

speed1ilnit,andthespeed asscciatedwiththenewtraveltimeisthenposted 

asthelink'sfnzespeed. Tbebasiccalculationoaxrs intheB!XWpxqram 

- and is as folltYw!3: 

For each link: 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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The3zaretwoampnentstothedelay calculation: 

1) Intemenbg Control Delay- when applicable, the number of intervenhq 

contmls, each a5zsmEd tobeastopsign, iscodedforarterialand . 

fmntagemadlinks. TWreafter,sixsecor& of deceleration and six 

secor& of acceleration delay is assured for each stop. !lnhese inwening 

controls representdelayexperiencedatthe intexzect ion of arterial links 

withlocal stmetsnotmdedinaurnetwork. 
. 

InbmemqContmlDelay= NumberofStops*(l2sewnds) 

2) (Esld-node)InbmecConControlDelay -!t!herearesixdiffe.rfmtend-node 

control options available as shown in Table 11. 

F- 

t 
* I 

r 

TIABLE 11 

ENENoDEaN!rmL0PrI~ 

Typeofcontml ' 

NoControl 
ItJo-way stop 
Faur-way stap 
Traffic Signal 
Expressway On-RauporYield 
Eacpressway Off-Ramp * 

0 
22 

(See i&e 12) 
0 
0 

r 
r 
r 
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TABIE 12 

TRAFFICSIGNALDEIAY 
(-nd=d 

-Type Functional Classification 
1 2 3 4 5 6 7 

1 0 I.2 12 15 15 I.2 15 
2 0 11 12 14 14 11 14 
3 0 9 10 I.2 I2 9 I.2 
4 0 8 9 11 11 8 11 
5 0 7 8 9 9 7 9 

.I 

Ihedelaydueto~~controlsandthedelaydtueto~end-nodecontrol 

areaddedtogethertoobbahthetataldelay (DELAY) usedinthecalculationof 

-speed- 

EktimalzdLmdedsueed~-sDeed~ 

Estimatedloadedspeeds (Exs) areusedinbuildirrg Wtraveltimepaths for - 

useinTripDistrihtb.n. Estimtedloadedspe&sarecalculateAbymultiplying - 

thefmespeedcmalinkbyanEJXfactor. TheseELSfactorsarehsedonspeed 

data&tainedfrcmthem6trecmttrafficforecasts, sothattheyrepresenta 

relativelyaccuratepictureofcorgestedconditions thrarghautw-Y 

network. 

- 

- 

EISfa~~varybyfunctioaralclass,the~oflanesonaroadway,the 

locatianOftheroadwaYinthe~~ti~~Area(17SA),andthe~Of - 

day (peak or off-peak period). Figure6isamapshmitqthethreedistricts 

Ulathavebeendefinedtospecifythel~ti~oflinkswithinthe1ISA. These 
- 

distri~~develapedtodistirrguishbetween~ cxngestedand* - 
uwcngestedareasintheregion. Tablel3amtainspedkperiodEfSfacto~for 

1986, and Table 14 lists the 1986 off-peak period EXS factors. Tables 15 ti 16 - 
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TABIE 13 

EsTlMmm IOADED SPEED FAf2Ims 
PEAK PERIOD 

YEAR 1986 

District1 

Functional class 

1 2 3 4 5 6 7 

1 0.65 0.40 0.52 0.60 0.60 0.60 0.60 
NLmIber2 0.65 0.40 0.52 0.70 0.70 0.70 0.65 

of 3 0.69 0.50 0.76 0.83 0.83 0.80 0.70 
Lanes4 0.71 0.60 0.77 0.83 0.83 0.88 0.72 

5 0.73 0.65 0.82 0.85 0.85 0.92 0.74 
6 0.75 0.70 0.82 0.88 0.88 0.92 0.76 

District2 

FUnctionalClass 

1 2 3 4 5 6 7 

1 0.60 0.50 0.60 0.70 0.70 0.60 0.65 
Number2. 0.62 0.50 0.63 0.75 0.75 0.70 0.70 

of 3 0.64 0.59 0.65 0.85 0.85 0.80 0.75 
Ianes4 0.72 0.69 0.70 0.90 0.90 0.90 0.80 

5 0.73 0.75 0.75 0.93 0.93 0.95 0.83 
6 0.75 0.76 0.76 0.93 0.93 0.96 0.85 

District3 

RmctionalClass 

1 2 3 4 5 6 7 

1 0.90 0.68 0.75 0.85 0.85 0.70 0.75 
-2 0.92 0.71 0.80 0.87 0.87 0.80 0.80 

of 3 0.93 0.74 0.85 0.90 0.90 0.90 0.85 
Lanes4 0.93 0.75 0.89 0.92 0.92 0.92 0.90 

5 0.95 0.80 0.90 0.94 0.94 0.95 0.95 
6 0.95 0.84 0.90 0.95 0.95 1.00 1.00 
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TABIX 14 

-IOADEDspEEDmm 
OFFPEXPESIOD 

YEAR 1986 

of 3 
Lanes4 

5 
6 

District1 

Functional Class 

1 2 3 4 5 6 7 

0.83 0.78 0.80 0.80 0.80 0.85 0.80 
0.88 0.83 0.85 0.85 0.85 0.90 0.83 
0.88 0.83 0.91 0.90 0.90 0.93 0.86 
0.88 0.88 0.93 0.92 0.92 0.95 0.90 
0.92 0.88 0.95 0.94 0.94 0.98 0.95 
0.92 0.89 0.98 0.96 0.96 0.98 0.98 

District2 

Functional class 

1 2 3 4 5 6 7 

1 0.90 0.85 0.85 0.90 0.90 0.85 0.80 
-2. 0.90 0.86 0.90 0.93 0.93 0.90 0.83 

of 3 0.92 0.87 0.93 0.96 0.96 0.95 0.86 
lanes4 0.93 0.90 0.94 0.96 I 0.96 0.99 0.90 

5 0.95 0.93 0.96 0.97 0.97 1.00 0.95 
6 0.95 0.93 0.98 0.97 0.97 1.00 0.98 

District3 

FUnctionalClass 

1 2 3 4 5 6 7 

1 0.94 0.86 0.90 0.91 0.91 0.90 0.90 
-2 0.96 0.90 0.95 0.93 0.93 0.93 0.92 

of 3 0.96 0.91 0.96 0.95 0.95 0.95 0.95 
I.anes4 0.96 0.91 0.97 0.97 0.97 0.98 0.98 

5 0.98 0.93 0.98 0.99 0.99 1.00 1.00 
6 0.98 0.93 0.99 0.99 0.99 1.00 1.00 
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TABLE 15 

EsIlIMATEDLOADEDSpEEDFACIORS 
PEAK PERIOD 

YEAR 2010 

District1 I 

Functional class 

1 2 3 4 5 6 7 

0.63 0.40 0.50 0.53 0.53 0.50 0.50 
0.63 0.44 0.50 0.55 0.55 0.60 0.55 

of 3 0.64 0.47 0.63 0.74 0.74 0.70 0.60 
Ianes4 0.66 0.55 0.70 0.78 0.78 0.80 0.63 

5 0.68 0.65 0.75 0.82 0.82 0.90 0.66 
6 0.70 0.70 0.80 0.85 0.85 0.90 0.70 

I 
District2 

1' 0.58 0.40 0.50 0.60 0.60 0.55 0.55 
-2 0.62 0.45 0.54 0.65 0.65 0.65 0.60 

of 3 0.66 0.50' 0.62 0.70 0.70 0.75 0.65 
Lanes4 0.70 0.60 0.64 0.75 0.75 0.80 0.70 

5 0.73 0.70 0.68 0.80 0.80 0.85 0.75 
6 0.75 0.75 0.72 0.85 0.85 0.90 0.80 

1 2 3 4 5 6 7 

District3 

Functional class 

1 2 3 4 5 6 7 

1 0.86 0.55 0.65 0.65 0.65 0.60 0.60 
-2 0.88 0.60 0.70 0.75 0.75 0.70 0.70 

of 3 0.89 0.65 0.74 0.85 0.85 0.80 0.80 
Ianes4 0.91 0.69 0.78 0.87 0.87 0.85 0.85 

5 0.93 0.73 0.82 0.89 0.89 0.90 0.90 
6 0.94 0.75 0.85 0.90 0.90 0.95 0.95 
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TABLE 16 

r L 
r : 
f- 

P 
I 
1 
s 

e 1 2 3 4 5 6 7 

r . I 
F- 

r 

r 
r : 
r L 
r 

1 
Number2 

of 3 
Ianes4 

5 
6 

lBIDXED-spEEDFAcpoRs 
OFF-PEMPEIUOD 

YEAR 2010 

District1 

l3Jnctional class 

1 2 3 4 5 6 7 

I 

0.80 0.75 0.75 0.75 0.75 0.80 0.70 
0.83 0.78 0.80 0.77 0.77 0.85 0.75 
0.85 0.80 0.85 0.80 0.80 0.90 0.80 
0.88 0.83 0.88 0.83 0.83 0.92 0.85 
0.90 0.86 0.92 0.86 0.86 0.95 0.90 
0.92 0.89 0.95 0.90 0.90 0.97 0.95 

District2 

Functioti class 

1' 0.86 0.80 0.75 0.80 0.80 0.80 0.79 
Number2 0.87 0.81 0.80 0.85 0.85 0.85 0.82 

of 3 0.88 0.82 0.85 0.87 0.87 0.90 0.85 
Ianes4 0.89 0.85 0.90 0.89 0.89 0.92 0.88 

5 0.91 0.88 0.93 0.92 0.92 0.95 0.91 
6 0.94 0.90 0.95 0.95 0.95 0.98 0.95 

1 0.93 0.85 0.85 0.85 0.85 0.85 0.85 
-2 0.95 0.87 0.87 0.89 0.89 0.90 0.87 

of 3 0.95 0.88 0.90 0.92 0.92 0.93 0.89 
Ianes4 0.96 0.89 0.92 0.94 0.94 0.97 0.92 

5 0.97 0.91 0.94 0.96 0.96 0.98 0.95 
6 0.97 0.92 0.95 0.98 0.98 0.99 0.98 

District3 

Ftlnctional class 

1 2 3 4 5 6 7 
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dew the correspoMi.~ infonnation for the year 2010. The year of the network 

thati.sbeirrganalyzedisspecifiedinIJNKREP, anAtheappmpriateELS 

factors are interpolated between 1986 and 2010. 

IiaIrlYcss3acity 

~alsoposts~~haurly~paciti~oneachlink. l2mse 

opaciti~arestratifiedbyareatype,functianalclass,andwfietheraroadway 

isdividedorudivided. Tables17 and18 shmthelaneca.pacities currently 

usdintheModel. ~ylinksareassiFpledtheappropriatecapacityfrogn 

Table 17. Fortm-waylinks, thedivided/dvided flag isusedtodetenhe 

. 
if the capacity is taken frm Table 17 or Table 18. 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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TABLE 17 

HOURLYS~CE~~PERLAME* 
(Divided or One-Way Roads) 

Functional class 

Principal Minor 
l-=-Y Arterial Arterial 

Frontage 
CSlector Imal Ramp mad 

1,800 550 550 450 450 1,100 550 
A 
R Fringe 1,850 600 600 475 475 1,200 600 
E 
A U&an 

Residential 1,875 650 625 500 500 1,250 625 
T 
Y- 
P Residential 1,950 725 700 550 550 1,400 700 
E 

2,000 800 750 575 575 1,500 750 

* SemiceVolums at Level 0fServiceE (-Model requheslevelofserviceEservice 
volumes. H-e.??, continueduseoflevel of service Cservicevolumes forphnning 
purposesissuggested. ~~ofserviceccanbeabtairredbytakinggo~tofthe 
abovelevel ufsemiceE servicevolumes.) 

l If Volume/service Volume Patio is -c= 0.8 then Imel of Wiaz = A, B, or C 
l If Volume/Service Volume Ratio is 0.8 c x <= 0.9thenIevel ofSemice=D 
l If Volume/sewice Volume Ratio is 0.9 < x <= 1.0 then Ievel of Service = E 
l If Volume/Sxvice Volume Ratio is > 1.0 then Level of Semite = F 
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TABTE 18 

HCURLYSERVICEVOLDMEF?ERIANE* 
(UndividedRoads) 

Eimctional class 

Principal Minor Frontage 
=Y Arterial Arterial ~llector Lrocal Ramp Road 

WA 500 500 400 400 1,100 500 
A 
R Fringe WA 550 550 425 425 1,200 550 
E 
A Urban 

Residential N/A 600 575 450 450 1,250 575 
T 
YiZi&dZn 
P Pesidential WA 675 625 500 500 1,400 625 
E 

WA 725 675 525 525 1,500 675 

WA -NotApplicable 

* ServiceVolumesat Ievelof SemiceE (TheWdel xequims level ofsemiceE service 
volumes. Hmever, continueduseoflevelofserviceCserviaevolumes forplanning 
pmposesissuggested. LevelofsemiceCmnbeobtainedbytakirg80~ofthe 
abovelevel ofserviceE servicevolums.) 

a If Volume/Service Volume Ratio is <= 0.8 then Iwel of Service = A, B, or C 
l If Volume/Service Volm Ratio is 0.8 < x <= 0.9thaWel ofSen&ce=D 
0 If Volume/Service Volume Ratio is 0.9 < x C= l.OthenLevel ofService=E 
l If Volume/Service Volume Ratio is > 1.0 then Imel of service = F 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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Networkselectionisbasedona setofrechqularareas andlevelcodesina 

xmmf2ranalogoustozoneselectionusingtheWFDcusWsoftware. Thesamrules 

. 
rega&mgtheselectionsequenceandhieramhyapply. Linksdo,however,have 

ixosetsofcoordhatestoconsider. Alinkisincludedifeitherofitsend 

nodes fallswithinanequal orhigherlevel code rectangle. Linklevel codes 

are therefore cumulative. Asmmmyoflevelax3esusedinthenehork 

selectionpma2ss is provided in Table 19. 

It is advisabletomat&thelinklevelwiththe zone level wheneverpossible. 

Ifthe neWorkdoes notmat&thezone stmctme,significantloadingprablems 

canoccur. ~~~~~rkwilltendtoaverload~streetsardshowno 

traffic on others. ~isbasicallytheinabilityoftheassignmentpmgmn 

toloadlogicalpathstotheapproac%llinksoflarse zonesandsimltaneously 

distributethetripsarongtheroadwaymileswntainedwithinthe zone. Though 

lir3rsarenatprohibitedframbisectingzo~,itisrelativ~yimportantthat 

themmberofli&tichdobisectzonesbekepttoaminimm. 

Theproblexnoftoomnyzones forthenetworkistheappositeofthatdismsed 

above. Ihezonea~~~linkswilltendtobe~lylongorcross 

otherzonesbecauseofrelativelyfewaccess pointstmthenetwork. Themfore, 

generati~ofabalanced~rksystemarrlzone~~isofutrnost 

inlportance. 

Inadditiantothelarel~andcoordinate~~,linksel~~cards 

provideWooptionalnetworkmdificationpmcedums. !Chefixstopti.oni.s 

r 
44 
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TABLE 19 

Nl-TIwRx msING -a czITmIA 

FUnctionalClass 

-P 

Principal Artaials 

MinorArterials 

collectors 

L0Cd.S 

Fk-orbge Roads 

ImvIa.nes 

Levelcode 

1 2 3 4 5 

X X X X X 

X X X X 

X X X 

X X 

X 

X X X X X 

X X X X 

X X x - x 'x - 

- 
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network collapsing. Eecauseofthefowsing process, itisbothpossibleand 

necessarytocodeadetailed~~rk,particularlywithregardto freeways. In 

ordertohavethedetailedf~gerwd,razrp3,andtumingmcrVenrent 

restrictions of a f reewaysystmforadetailed E&W?ZiStUdy,thefUll 

xxqionalneWorkisliterallycode3. Sincethef remaysystenlisi3lelowest 

level network, alargenu&eroflinkswillbehpt forareas welloutsideof 

the~.Thea3llapseoptionpmnitstheFXXJSprogramtoconvertthe 

detailedfreeway~intoh0-my,universalaccesslinks. InOthSWOZdS, 

freewaysan3convertedfrcaTlimitedaccess facilitiestocmmm htexsction 

facilities. 

Networkcollapsing isbasedonne~rknodenmberi~~~conventions am3 

collapiblenodeflags. Afreewayihm%aqeisa%Iedaraundonewllap~ible 

ncde. Astheinterrhangeiscollapsed,allofthe~,shortsecti~,and 

bridgesaredeletedbecausethey~linkswiththe ccmmnnodeatboth 

ends. ?heone-wayfrontageroads~mainlanesare~~to~two-way 

1inkbetweenaAlapsed intemhanges. 

aElrearetwocautionsregardingmid-blocknodes~t~be~ted. The 
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networktoanother. The mid-block process splitsarLeriallinh of significant 

le@hwithintheqecified~intotwoequalhalves. Anewnetworknode 

location is calculated and location data generated. EWausethenewnode 

numberisafunctionofthelinkfileso*,thereisnowaytoguaranteethat 

thesamenodewouldbeg- ted for a different network. This is particularly 

criti~~d~ingwitha~~~links,~~willbe~later. 

The second consideration arises if collapse and mid-block options are used in 

the same network. The mid-block procedure sear&es the node file for vacant 

positionsstarthg frmthe firstposition. It is possible for a mid-block 

nodetobeselectedfmnacollapsiblenodesequence andthuscause- 

potential ainfusion. The problem can generally be avoided if collapsible node 

sequencesare~withahi~noderarmberanda~ferareaisprovided 

betweenthernid-blockandcollapserectangles suchthatnolinkshaveonenode 

inthemid-blcckareaandtheuthernode inthecollapsearea. 

Asmentionedprariouslyinaurdiscussionofthezone structures&the 

f-insp-, anoptioninthesoftwareallowsthetruncxtionofthe 

regionaldataset, Inthiscase,allzonesandthe~~rkartsideofthe 

largestrectanglearedeletedfrmthesubarea. Ifthismemodisused, 

extemal stations~cordonlinks~bedefinedand~lya~bythe 

use3ztoacxmmdatetheextemal-external, extanal-in-, aId 
. mtemal-extmmltrips. 

47 



r . 
r : 

F 

b * 

r 

r 
. 

r 
” 
i 

; ” 

r 

r t 

r i I 
r / 1 
r * . 

0neoftheinportantfmctionsofFKXJSistoamnecta 

selected zone structurewi~app~chlinks. Eachnode 

selectedne&orktoa 

isassignedaloadflag 

topennitorprohibitappma&linkccnnection. Thepmgramaddspmhibitions 

toallnodes associatedwith f reewaysardraq6butpennitsloadiqat 

collapsed nodes. Italsoprohibitsloadi.mjtohters&ionsoflinkswhere 

mid-block nodes have been g cl-berated. Beyo&mat,theusercontmlsapp~ch 

1inkgenEZa tionbyvary~theweightsassignedtoeachnode. 

?hebasicprincipleb&irx3appmachlink 

oftheappmachlinkset for each zone. 

diamond-!&apedanZlequaltothearmof 

generationistomaximizetheweights 

Tlleimneis assumedtobea 

the zone. Ihebestsetofappma& 

lhkSi.Sassumed tobelocatedneartheperimeterofthE!diamonl.Adiam3ndis 

usedbecauseapp~chlinklengthsare~ as the right-angle dihance 

betwemthezonecentmidarx3thenode. Thisassunmagridsystexnoflocal 

streetswithanorthsouth, east-westorientationwillbemquiredtotravel 

frcanthecentmidofthe zonetothenetwork (seeFigure7). 

Rwcearefiveparametersthatcantrolapproachlinksel~~. Thefirsttwo 

~lthemaximumdistanoebeyondorinsidethediamondperinreterfroanwfiich 

. potmhalnodeswillbeconsidemd. lheseparametersvarybyzonelevelcode. 

'Ihenexttwoparametssdetemheth&baseweightofeachnode. Onevariesby 

thernrmberoflinksattachedtothatnode,~~othervariesbytheminirmrm 

functicnalclassifi~ti~oodeofthoselinksattaclhedtothenode. Thefinal 

pammetesetstheweightaddedtior subtractedfrcm~baseweightasa 

fmctionofthedishncethenodeisawayfrcmthediammlperimneter.Tbe 

. dstanceweightalsovariesbyzonelevelcode. 
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FIGURE: 7 

Approach Link Selection Methodology 

Assumed Zone 

Select&l Approach Link 

Note: 9 =Best Node in the Sector 
A & B afe Closest and Second Closest Nodes Respectively 
Compass Set II Was Selected Because the Sum of Best Nodes 
in its Four Sectors (350 Unlts) Is Greater than Set I (310 Units). 
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Inadditiontothenodeweightirqpmcedum, asetofapproachlinksischosm 

toensu.reanevendistributionarourdthecentmid. memaxhlmlwei~tnodeis 

kpt for each of two sets of points of the ccqass (i.e., North-Northeast, 

Eiast-SouWast, South--, West-Nozthwest, ortheopposite). Thenumber 

ofpoints(possibleapproachlinks)ineachsetisspecifiedby~user. 'ItJlo 

istherecaamnendedn~Also,theclosestandsecondclosestnodestothe 

centmidarelocat&. !the-ofapproachlinksrequested isselectedin 

orderofhighestweightfrmmeofthetwocaupass sets. Thechoiceofwhicb 

settouseisbasedcmthe- amulativeweightofeachsetofnodes. If 

sufficientnodestosatisfytherequestcannatbef~~thecconpassset, 

theclosestarrdsecorbAclosestnodesareused. meclosestarrlseco&closest 

nodesarealsousedforexternalstation~~because~areaofthese 

zonesisvexysmall. App?ma&linksarecreatedf~thenodeandzonedata 

at-d added to the link file. 

Becauseappma& linksarecriticaltotheassigmmtprooess,great~is 

takentoreviewthe ampbr-gmted links for reasonableness. Otherfactoxs 

~chas~~icalbarriers,irregularlyshapedzones,arddevelapaentpatterns 

withinthe zonesmustbeconsidered. EmJspemi.~meusertowpythefinal 

approachlinksfroanapreviausa~~catianratherthangenera tenewones. !Ihis 

isdonebyma~networknale numbers~thefirstnmwitithesecond 

KUIl. Ifamat&cannutbemade,thelinkisdeleted. 

Utilizingthispassingoptioncansignificarrtly~orinsanrecases 

eliminatethemviewpmcess on a given alternative. In additicm, as ~lmach 

linkshaveanimportantroleinmodelvalidatian,itis~~thatlinks 

mt&angesub&mtiallymertimeor betweenalWmatives. Everyattenpt 
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shcpiLdbemadetOretaintheapproachlinksf~theassignmentvalidation, 

exceptincases whereanewnetworkhasbeenadd&orwhe.redenqmpMc 

activity has changed significantly. 

- 

- 

- 
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Fhdwayl.ainhmtraveltimepa~aredevelopedusingtheprogram~ 

'Ihesepathsrepresentthebestpathframeachoriginzanetoallnodesinthe 

network,includirqalldestinationzones. Ihenodestriqforthispatican 

optionallybestoredforfuture~~-~~applicatians. Normally, however, 

the zone-to-zone sZumaryoftiesepathsismoreuseful. Paf3Ex.rebuiltbythe 

"bush" lrethod. matis,alllinksleavingtherwdeofinterestareprocessed 

beforethenextbestnodeisconsideEd. Fbrcsanple,whenthepatii.s 

initiated,alla~~~linksfraanthezoneofinterestarep~. ate 

tsaveltimeofeachlinkistheindexofthearmulative~arrayin 

whi&thenodenumbers are stored. Tthenodewithtbenextbest (i.e., minixm 

traveltime)iq&anceiswnsidfxednext. Allofthelinksleavi.rqthisnode 

ElEthenp-. Ifalinktriestoprocess anodewhichhadprwiou$y 

bemincluded,atestismadetodetenninewhichlinkrepresents thebest 

I=*. Ifthenewlinkisthebestpati,theoldncdeisremved frcxlthe 

cunnrlativehpedanmaxrayandreplacedbythenewnode. Inthisway,all 

IlOdeS~processed acwrdirqtotheoxde.rinwhi&theyarei.ncludedinthe 

minimum cumulative iqedaxe amay. 

T~iscapableof~~pathsbasedontraveltime,traveldistanr=e, 

travelwst,oracmbinationofallthree. Xhethmeinp&Bthat 

guidethecreationofthepathsare: 

ValueofTti (KCQIE) - represents value of ti.m Gmw , 

Valueof Distance (VDIST) -nqmsenb fuel oost (S/mile), and 
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value of cost (VCOST) -repn2smtstheamsumrprioeindexadj~ 

factortoamvertthetolldatahto 

ca.l.ib-x&i.on year (1984) dollars, if it is not 

-w* 

Pathsarebuiltbasedonanmlative Illinhm travel the. Therefore, the 

. ~isinminutes,the~parameterissettoone,ard~~~are 

givenzemvalues. Iftheuserwishestobuildpathsbasedongeneralized 

costS,the~,vDIsT,andVcosTparameterS~dbeSetapprapriately, 

deperdiqonthemodel calibrationyearandtheyearofanalysis. TheTraffic 

Assignm3ntModelusesgeneralizedcc6tandamtainsapp~riatevalues ofthe 

parameters- Thismethod&ouldnotbeusedincanjunctionwiththeTrip 

Distribution Model(ALM;RAV)asthespecifiedparanreters~notcdlibrated 

for this type of use. 

IXretothelackof intrazonalnetxorkard f2omqmuy jntrazonal pau-is, 

75~ofthel~ofthe~oachlinkofthebestpathtothenearest 

neiFplborznneisusedastheaverage~zanaltriplength. Us-the 

approachlinkspeed,theaverageintrazonaltraveltimeiscalailatedforeach 

zone. Appmach1bWqeedsvaKybyarmtypeandtime-of-daybhre 

smanarized in Table 20. 

Pati~dingisoneofthe~custlypart5oftheMIlAPprocess. -program 

asatestoptiontoallawtheusertobUild lninimmpathsfrcnnaertainsel~ 

zones of h&rest (ZOI). Oncei3euserhasca?Mlllly checkedtheroadway 

networkandapproachlinks, several ZOItestsshculdberunpriortos~bitting 

theccrtpletenetworkforpath-buildirq. Anothertestoptimistosavesmeral 

pathnodestrings,toallcx~theusertotracepathsforreasonability. 
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I.5 11 
23 13 
27 17 
33 21 
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The Trip Distribution process usesthepersontripstoaWlfrcmeachzone 

producedbytheWip GmerationWdel, plusthe zone-to-zonetraveltimefrm 

theminirmrmtimepathsfrcantheroadway~~~toestimatethernrmberof 

persontri~between~&pairofzones foreachoftheseventrippmposes. 

Separatemdelsexistforead~trippurpose; tbestxu&m2remainsthesame, 

butthepammbrsdiffer slig-htlyacmss thetrip-. 

TheGravitvModel tAIM;RAv) 

lkeNcnxX;gravitymdel isanadaptationoftheAax?ss andll.arKlmelopment 

(AID) modeloriginallydevelopedbySchneider6. 

ThefonmlationoftheNCIWGgravitymdel isidenticaltothestardard 

7 I 

p 

r 
I 

r 
E 

r 
i 

gravitymdel: 

Tij = Pi 
F(tij )Aj 

I: F(tiz)s 
Z 

Tij =themmbroftripspmduced bymneia&attractxdtozonej 

pi =thetotalnumberoftrippxcx3mtions forzonei 

FO =thedecayfunction;rep- therateatMhichazor&s 
attractiveness declineswith increasingtraveldisutility 

l%j =thexllinbmzone-to-zonewveltime, indluaingterminalh 

Aj =thenumberofattractionsforzonej 

2 =~bYtalnumberofz~in~~ 

P 
P 
I1 

55 



~VdepartSfroaathetyPicalfonmilationinthatituses~~ 

functionasthedecayfunction. Theperformance of the Wssel function was 

cmparedagainstthemre conmnnly use3 negative exponential function. It was 

faundthattheBessel funcTtionwasbetterabletosirrmlateshorttrips. The 

Bessel function is defined as: 

4Btij 

where: 

52 = the 

t ij = the 

B- =thf2 

modifiedBessel functionofthesea3tiorder 

Illhimm zone-to-zone travel time 

=parameter 

distribution. Asecotiorder function, huwever, isused foralltripm 

inmAP. Figure8shawsthegeneralshapeandfo~ati~oftheBessel 

function. 

me for each trip -- calibrated using trip 

orientationdata frumthe1984 Hcuw IntemiewandWorkplaceSumeys: 

l?riD Punmse 
calibrated 

B 

0.001625 
0.001013 
0.000711 
0.000585 
0.004993 
0.001682 
0.002858 
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meseparametemareheldwnstantacmss any zone strum and for any 

forecastyear. Figures 9 and 10 show the shape of wific EHsel 

antes using the above calibrated parameters. 

For all trip puqoses, thegravitymdelisiteratedtoensure thatthe 

estimatednrnaberoftrips~ivedby~~zoneequalstheprojected~of 

tripattractions frcmthetripattractionmdel. Satisfactionofthis 

wnstraintisguaranteedfortripproductions,sinoethegravitylnodels~ly 

allocatesthetatalrnrmberofp~~~toa~~~inotherz~.~ 

isnoguarantee, hmever, thatthesumofalltripsreceivedbya zonewill 

equaltheexpecbdnmbekofattractions. Each iteration of the mdel 

therefore artificially bmeasestheattractiveness of zones inwhi&thetrips 

arelessthanthenumberoftripattmctionsanddecreases theattractiveness 

of zones inwhichtripsareoverstated. Iterationswntinueuntilthepkgram 

reaches the ma2chm numberofiterationspemnittedbytheuser. Thenumberof 

iterations for each trip pmpcse is shm in Table 21: 

TABLE 21 

NUMBEE OF IITEmTIoNsBYTRIPAJRposE 

NumkrofIterations 

10 
10 
7 

Hm4 7 
10 

7 
8 
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TRIP DISTRIBUTION BESSEL CURVE 
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FIGURE 10 
TRIP DISTRIBUTION BESSEL CURVE 
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~0~ertoreflectl3minal activities, texmhalti.uB orfixed-erdpenalties 

for the origin ad the. destination of each trip are added to the mininsrm 

in-e travel time. 1tisthistotalzone-~zonetraveltimethatis 

theni.qxttotheBesselfunctionforuseinthegravity~. 

. 
TksnmalW(F~EndEenalties~ 

AllestimatesofmadwaytraveltbesinclUdearep resentationoftheti 

l~~aparkingspace,payirrgfor~~,~walkingfranthecartoa 

destination. Estimates of these times were derived frcm the 1984 Workplace 

survey- ~Survey~inedspecificinformatica~each~l~~onthe 

irdividual ccanponentsofterknaltiTaeatthewor3rglace. Theteminaltime 

look-uptablestratifiestheaveragetennhaltimebytsip purposel-QP# 

and nature of the trip end. Table 22 summarizesthssevalues. 

TAEEE 22 

RoAJmYTElEummTlMEs(m~) 
FoRHBw,HNW,ANDNHB 

TRIPFuRKsEs 

I -Type Plmduction Attraction 
I 

I I 
1 2.0 9.0 
2 1.3 5.0 
3 1.2 2.4 
4 1.0 2.0 
5 1.0 1.0 
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produ&ionardattractionfix&-eMipenaltiesareassignedtotheextemal 

stations inordertorenectcxrt-of-~iontraveltimeandprohibitthe 

adjacentextemal-exkmal lmvements. This isdonebysettingtheteminal 

time for the smallest zone size category in Area Type 5 to 99.0 minutes. 

. 
!lemmaltimesare assumEdt.o~in- for all future forecast years. 

Intxazonalardinterzonaltripsarepmcessed separatelyi.ntheDistr~on 

Model. ~Moaelais~uleintrazonaltraveltimeestimateo$tainedfroan 

ulepaUHxlil~proaess andcakulatesamoreprecisevalue foreabzone. A 

zone isdividedinto13 comentric squa.ms,andtheaveragedi&ancefrcmthe 

centerofthezanetotheperimeterofeachsquareisdetermined.Ihe~ 

squareisequaltotheaxeaofthezone. Foreachdistamxthatisgreater 

thanaspecifieduserinputrninimmwalkdisbnce, acost-Fmilevalueis 

appliedtoconv&thedistanmtotravelti.me. Ebforetheapplicationofthe 

Bessel functian,theoriginanddestinationteminaltimesareaddedtcthese 

travel time values. !Iheresulti3qEksselfunctionvaluesforeachdistmce 

gnxker than the xninimm walk disbnce for a specific zone are summed up and 

usdasthe intrazonalweightforthatzone. The cost-per-mile values vary by 

time-of-dayandareatypeandrepresenttheimrerseoftheapproachlinkspeeds 

usedinthepeakandoff-peakpericdnetworks. lllesevaluesareshownin 

Table 23. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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r L 

!lAB.IE 23 

cosFFER+4lIEvAulEs 
(Mhutes * lOO/Mile) 

1 545 400 
2 462 261 
3 353 222 
4 286 182 
5 261 

. !krmmaltimeandcost-per-~evaluesmayvarybyareatypeaswellaszone 

size. !Khe following five zone size ranges are amxntlyavailableinthe 

MOdel: 

l- 0 to 0.25 sq. mi. 

2- 0.26 to 1.00 sq. mi. 

3- 1.01 to 4.00 sq. mi. 

4- 4.Olto 16.00 sq. mi.. 

5- 16.00 sq. xi. an3 greater 

However, in the 1984 calibration of ATDGRAV, it was not nemssaq to utilize 

the zanesizerangestoabtainanappropriate~~~oftrips. -Model 

hasbeenkstedwithfocusedsubareazoIm~ aswellandpwfomed 

acmptablywith~terminaltimsarrd~-pemnilevaluesheldmnstantfor 

dL1zanesizes,~asindicatedearlierforthe~trippupose. 

-_ 
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'IhetransitnetworkisorVanizedarrxndasystemofmodesandlines.lChemodes 

semethe functionofdistiq&hingamngv3,riausgualitiesortypesof 

service. TransitmodecodesusedtodefinespeedaMstopdensity factors, 

dwelltimes,aIX3 mode-specific parameters are as follows: 

1 -WalkAccessl&-lk 

2 -AutoAa!essLink 

3- WalkNetworkhCBDandParkinglotlinks 

4 -IccalFeed~BusinFortWorth 

5- IccalFeederEUsinDallas 

6- (-) 

7-lzxpBssBus 

8 -Rail 

Thetransit'nebrork is coded 

whichsharetheright-of-way 

addedformdesoperatingon 

avertheroadwaylinksforthose 

with autcanobiles (e.g., buses). 

an exclusive right-of-way (e.g., 

mdesaralines 

!3peciallinksm 

rail). me 

transitsupply-sidesinnilationpmgram (TNET) pmcesses eachtransitlinein 

ordertoappmxima tetheactualoperatiqcharacteristicsoneachlinkofthe 

line. 

Transit Swzd 

Thechoicebetweentheuseoffreespeedsortheest~~loadedspeeds(EIs) 

frranthebackrgraundroadlway~~rkismadedependinguponthe~Waytype~code 

ofthelinksegment. lhisisthenonstopspeedofthetransitsystemThese 

speedsarefurther reducedifstcpsaremadetoservepasserqers. Waytype 
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Way type = 1 (Mixed-Flow Traffic; use EXS) 

2(Reserved,contraflaw,orIIovLanes;usefreespeeds) 

3 (ExclusiveGuidmay;use freespeeds) 

St00 Delay 

Alineoperatirginthemixed-flowlanes isonlysubjecttothetraffic 

congestion delay. Therefore, a %losed~P transit line operatirq nonstop 

be~itsoriginanddestinationpoirrts~i~ noadditionaldelaydue 

bstaps* However, eveKy stop along the way kmeases the total in-vehicle 

traveltime. !Xopdelaytimerepresents thexmlnberofrn of delay' 

associatedwitheachstapchretodecelesatian,dwelltime,andacceleration. 

Thetataldelayisthenaddedtotheinitialtraveltimeunderthenonstop 

condition. AredUcediIl -servicespeedisthencalculatedusirqthefinal 

travel tzilE. 

Thus, linedelayiscalculatedas follows: 

Delay = (number of stops) * 

{ 

(dwelltimeperstop)+ ameleration/deceleration 
( -perstop )I 

?he~ofstapsperlinkisestimatedbythe~~cationofastap-density 

factortothelinkleqth. Stopdmsityfactors,definedasthenmberof 

stapspermile,andstratifiedby~f-day,areatype,andl~haul~ 

are summarized in Table 24. 
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TABLE 24 

STOPDENSITYFACIORS 
(W per Mile) 

peak Off-m 

-w 

1 
2 
3 
4 
5 

Ma3e 
4 5 7 8 

8 6 6 2 
5 4 21 
4 3 21 
3 211 
2 211 

-Type 

1 
2 
3 
4 
5 

4 5 7 8 

8 6 6 2 
5 4 21 
4 3 21 
3 2 11 
2 2 11 

Dwelltimesdefinedas passengerlcadirgandunloadiqtbearetabulatedby 

time-of-daY,~type,andlinehaul~asshawninTable25. 

TABIE 25 

mELLTIMEPERsmP(seamds) 

peak 

Mode 
4 5 7 8 

17 17 20 20 
I.2 I2 12 20 
10 10 I.2 20 
10 10 20 20 
10 10 20 20 

Off-Rzak ' 

4 5 7 8 

15 I.5 20 20 
10 10 I.2 20 

8 81220 
8 8 20 20 
8 8 20 20 

66 



‘J3BI.E 26 

-WV 
1 2 3 4 5 

ACC 250 250 310 330 300 

250 250 310 330 300 

where: 

lkcbnolcgy~e1=DieselEUs 

2 =GasolineBus 

3 =LightPailTransitE&ctrical 

4 =HeavyRailTransit-Electrical 

5 =HeavyRailTransit-Diesel 

- 

- 

- 

- 

- 

transit agencies, dixectlyonthespecial xaillinksthereforebypass~the 

caltiationofstopdelays forthismode. 

IavwerarrlHeadwavs 

Layavercanbeaodedasaperoentofthetraveltimeorasamininnrmtime. 

Additionallayaver~ybeassociatedwithpoorlymatchedheadwaysandtravel 

lilnes. The finallayoveristhetimz betweenthetripexx3timeardtherebIrn 

tripstarttim2forapartiaIlarvehicle. Iayoveparameterscanhecodedon 

thelinemcordsorbymode. AlOpercmtlayoverassm@ionisusedincodirq 

uW3m-waylocalan3Wcpressroutes((nrodes4,5,and7). Allone-way~ress 

linesareccdedwithalayoverofl~. 
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utilization or minimize layover. Ifthe-andmaximumme~is-, 

thelinewlveltim2plusthemini.lm layover isdividedbythemaximm 

headway. l%emmiberofvehiclesreq~&~3tosf3x~icetheline isthisdivision 

mmde&tothenexthighesthalfvehicle fortwo-waylinesorwfiolev&icle for 

one-wylines. Thecptimalheadwayiss*lythetraveltim2plusthe~ 

layoverdividedbythemmkerofvehicles. IftAxi.sheadwayislessthanthe 

minimmheadmy,thefinalheadwayisseteq&tothe- -Yr-=he 

appmpriatelayover isaddedtothetraveltime. 
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NCKCGhasd~e.bpedsOftwarethatautaoaaticdllyg~ teswalk-al-d 

auto-access links fortransitnebmrks. l3eaubnationofthispmcess is 

importantbecausetheModechoiceModelconsiderstransittobeanoption~tO 

vexylargemximmdihmcesfortransitaccess. Transitnetsmr~usernaximm 

access d&tames of 2.5 miles for walk links and 15.0 miles for auto-access 

linkstotransit.lhesedistances~thepointat~~thep~ility 

oftransituseappma&eszero. Moredisaxsiononthisissueisincludedin 

theModeChoicesectionofthisreport. l&selaryemaxim.mdistaxsl&to 

averylargenuherofaccess linksthatwould requireanunacceptablylarge 

effort to c&e manually. Ibvel~ofthE?programirlvolved~ 

iterationsinwhichprelimimry versionswereusedwithtestnetwork. 

Systematic deficiencies in the genera tedlinkswereidmtified,arrlthepmgmm 

was~~toincludeadditionalrulesard/or~~edparametersto 

betterreplicatemanual adjusbrmts. 

TlliSp- hasresultedinapmgmmthatconsidersawidevarietyof 

influences on the selection of access linksarr3thatreplicatesmnualcoding 

resultstoavexylargedegree. Applicationofthepmgramreducesthe 

necessary manual coding effort to the xmDvalofwal.k-access 1hksthatcross 

physical barriers (e.g., rivexs)andageneralxwiewofthermainhqlinks. 
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j~ofthecodingstaffardemergedonly~the~i~ofthelinks 

gme.rat&byearlyversionsoftheprogram. Thefinalcriteriaenhddedinthe 

prcgmmincludethe folhhngconsidexntions: 

a) Tbensure adequateconnectionof~~zonetoalltransit~,the 

programdoesentirelyseparateamlysesofwalk-access tolocalandeXpZESs 

servia2s. Theprqrmgeneratesforeachzoneonesetofwalk-accesslirh 

tonodessemedbylocalbus~aniasepara~settonodesservedby 

eXpl3SSsbusesand~illines. mus,theprogramcanreachbeyotinearby 

1Qca18~ nodes to connect the zone to mre distant %xpr~&~ ncdes or rail 

stationsthatarewithinthemaximumwalk-aa92ssdistam=e . 

b) Theprogramatteqtstopmvideawided.ispemionofaccess lilik!Sinternr; 

of direction frcxnthe zonecentmid. It avoids thegemra tionoflhiks 

co~tonodesthatarenearto~~ather,~~oneofthe~~is 

t%calt8 and the othfx is %cpre~.~~ 

c) !Ib avoid software revisions to other pv used for transit network 

processing and to avoid UnneoessarytinreandWStinp Imcessing~luous 

accesslinks,thepmgramgmeratesamaxinm offalnmlk-to-locallinks, 

fourwal.k-to-expressli.nks,andfcurdrive-accesslinks. 

d) A high priority for wnnection with a walk-access linkisanystopnodeat 

which transit lines in&me&. This priority arises because a single 

cormeeiontoanin~onnodemakeswalk accesspossibletomrethan 

~transitline,~~theneedfor~fersandg~lyiru=reasing 

thea ccessibilityofther&work. 

- 

- 

- 

- 
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e) Similarly, the pmgram gives priority to rail stations for come&ion with 

walk amess links. !Rxis priority reducesthechancesthattravelersfmna 

zanehavetouseanunredlisticallyshortbustripto~~therail 

~ti~,~asli~~ylorrgerwalk~dbring~directlytothe 

station. 

Togeulerwi~the uxr-qecifiedparamterqtheseconsiderationsmakepossible 

theautmaticgenerationofaccess linksthatcloeelyreflectthejudgumtof 

theuSer. 

SfBdlIMiC 

Foreachzoneintheregion,theprogramuses~~~~tO~~ 

(or pass) a- links for a transit network. !Ihe firstphaseidentifiesa set 

ofcandidatehodesthatqualify forcomectionwithaccess links.meseco& 

phasethenselectstheoptimnnsetofthesenodesandgmeratesthelinks. 

For each zone in the region, the program first identifies three sets of 

candidate nodes: walk-to-local,walk-~ress,anddriveaacess. Each set 

containsuptoeightnodes, one ineachofthe octantsofacoordinatesystem 

combu&d with origin at the zom centmid. 

Forwalkaccess, ~v3wm--= the4mtixelistoftransitmdesinthe 

network~evaluates~~stapnodeasapossiblecandidateforg~ti~of 

awalk-a-link. Ihepmgramccpaixrtesthe straight-linedhtancebetwem 

thezonecentroid&thenaIeanddeterminestheoctantin~~thenode 

lies. IfWledistameislessmanmuImxhmwalkdistance,theprogram 

. deterrmneswhetherthencdeisthebestcandidatefound~farin~octant 

usingthreeclasses of priorities: 
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- 
1) Rail stations have the highest priority. The program selects the nearest 

rail stationnode inanoctant,evenifotherstopnodesarenearerthe 

centmid, solongasthestationiswithinthemaximmthresholddi&ance 

for rail station priority. meprqramalwaystreatsrailstationsas ' - 

express nodes. 

2) I&ems&ion nodes have the next highest priority. Ihe program selects the 

nearestinterse&ionnode,evenifotherstopncdesarenearerthe 

centroid, solongasthebters&ionnodeiswithinthemaximum threshold 
. ~for~~o~andthereisnorailstationaMilableinthe 

octimt. lheprogrammaytrmthteme&ionnodesaseitherlomlor 

~~,dependingantheservicesa~ilableatthenode. 

3) Allothernodeshavethethhdpriority. Theprqramselectsthenearest 

stopnode, inthe absence of rail and inters&ion nodes. ?hese nodes lnay 

alsobeeitherlocal. orexpress, depe&ingontheserviceavailableatthe 

node. 

?heprogramfindsthemostdesirablecandidaterrodeineacfi~by 

evaluatingallstopncdes inthenebmrk. F'ordrivea-, it similarly 

evaluates allvaliddrive-a- ncdesinM32xqion,firstche&ingthatthe 

areatypeofthezonepennitsdrivea-. 

Inthe~~andfinal~,theprogramevaluatesthesetofcandidatenodes 

andselectsthesubsetofnodesthatpmvidesbesta- frmlthezone. 1tis 

ilnpomto recognizethatthis~~ti~oonsidersallofthenodesin~ 

settogether, mtjusteachnodebyitself. Therefore, anetworkrmisionthat 

- 

- 

- 

- 

- 

- 

- 

- 
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pruvidessemicetoanodemayrevisethemthesetofaccess links for the 

zorqratherthans~lygenerating asirqleadditiomlam3sslink. 

Forallthreesetsofcandidatenodes, the programusesthreestepstoselect 

the finalnodes forcomection. 

1) 
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2) 

Theprogramassignsascoretothellodeineachoctant~onits 

relativeproximi tytothezone-id~tothenodesinadjacent 

o&ants. Ifthenodeis neaxerthecentmidthanthenodesineithe.r 

adjacentoctant,theprogramassignsthenodeascoreof~. Ifthenode 

iscloserthanthenodeinoneadjacentoctant,~pr~gramassignsascore 

of one. Ifthenodeisnotcloserthantherwdeineitheradjacent~, 

theprogrmassignsazero. mepmgmlthentenbtivelyInarks all nodes 

withscores of zero fordeletionfmnthecandidatenodes. 

Thepmgramthenscansthe remabhgnodes, selectingthemostattractive 

ard (forwalka- only) tentativelymar~ fordeletionthenodes in 

its twoadjacentoctants. This selection again uses the three priority 

groups,choosingrail~ti~firstinOrderOfincreas~distance,then 

. 2nwSction~ino~ofincreasingdistance,andthenall~ 

nodesagaininorderofincreasirqdistame . Itamthlesthisscanuntil 

allnodeshaveeitherbeenselectedordeleted. Fbrdrivea-, the 

programdoesIlOtdel~Il!=deSiIl octantsadjaamttoselectednaJes, 

pruvidedthatthe selectednak liesbeyoM a specifiedthresholddktance 

fxumthezone. 7hisfeatun3permitsthegenerationofdrive-accesslinb 

in adjacent o&ants frmzonesoutsideoftheimu2diatetransitsenrice 

area. Acc42ssintheseperi@eralareasgenerallyliesinonedkection 
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generationofotherwise reasoMblelink3. 

3) Finally,theprogramthenmakesafinal scanofthetentativelydeleted 

nodest~identifyany~Qapd~ intheselectednodesthatcanbe in-filled. 

Agapoccurswfieretherearem (ormre) adjacentocbntswitiout 

selu nodes. Ifanodet3cistsinthecenteroctantinthisgap,the 

pmgramaddsthisnodetothesetofselfxtednodes. 

Theprogramcalculatesthelengthforwalka- linksasa straight-line 

. ~beWeenthezonece&roidandthetransitboaHhqnode. The 

straight-line calculation of walking di&ancs terds to better represent the 

rather~iveundergrrxlndpedestrianwalkwaysystemlocatedindrrwntcrwn 

DallaS. ?heorthogonaldistmceisusedforautoaaxss links. Autoa- 

linksTpf&sarethesameasthoseusedinthe~ynetwo~;theyvaryby 

areatypeandtime-of-dayasshawninTable27. AspeeIof3.0qhisassumd 

forwalka-links. 

TAE3IE 27 

DFUVEAmL;LNKSJ?EEDG(MpH) 
BYTIMEOFDAY 

-Type off-FQak 

1 11.0 15.0 

2 13.0 23.0 

3 17.0 27.0 

4 21.0 33.0 

5 23.0 39.0 

- 

- 

- 

- 

- 

- 

- 
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Thetransitpa~-~ldingprogram(~)~laysa~~~gori~to 

generate~tipletransitpathsforeachzane-to-zaneinterchange. Thepmgram 

is capable of g meratinguptosmznalternatepaths.'IheauTentpracticeat 

NCIWG istobuilda t&al of fourpaW forea& hkr&aqe-(by&of 

access and th of day). tchebestpathisthe~impedanoepathwhichis 

usedbytheModeChoiceModel. mecollectionof~faurpathsusedinthe 

transitassignmntproc&umguaranteessmothfx assignmmt~various 

lines. 

Thenhimmimpedam=epathisgenera tedina Ilmlnersimilartothateraployed 

thepmgramUPRTHintheUrbanTranspotitionPlanning~(urps). 

Tables28 and29presm ttheweightsplacedonthevarious coqm3ents of 

by 

transittraveltogenemtem3sonablepaths. Theseparameterswemvalidated 

by~;fora~leof~~,thepathsgeneratedbythepror~ram 

versus the paths reported by travelers 

Tmnsitpathsmbuiltintwosteps. 

in the 1984 On-Board Survey. 

two-waylinkfileintoa one-wayfileusedinpath-buildiqprwedmes. The 

creationof orwwaytransitlinksismre~licatedthanhighwaylinks 

becauseofthe 

fw=Y P-t 

prkvimslink. 

onthemdeof 

transferwnsiderationsusedintransitpati-buildiry. Inthe 

thechoiceofthenextlinkisvirtuallyindependerRofthe 

Inthetransitpath,the&oiceofthenwctlinkisdepekMt 

thepreviousleg. ThepurposeofTPRmistoaxlvertthe 



Value of Time (1) 

Value of Cc& (2) 

Value of Wait Time (1) 

Value of Transfers (3) 

Walk 'Drive CEQ Ftworth Dallas All 
ziooessAa!esswal.k Iocal Local Express Rail 

10.00 4.00 10.00 4.00 4.00 4.00 4.00 

0.00 0.00 0.00 1.30 1.30 1.30 1.30 

0.00 0.00 0.00 8.00 8.00 8.00 8.00 

0.00 0.00 0.00 0.33 0.33 0.33 0.33 

TABm 29 

Value of Time (1) Value of Time (1) 

Value of Cc& (2) Value of Cc& (2) 

ValueofWaitTim (1) ValueofWaitTim (1) 

value of Transfe.rs (3) value of Transfe.rs (3) 

Walk Drive CBD Ftworth Dallas All 
AcoessAccesswalJc Iocal lical Ebpess Rail 

10.00 4.00 10.00 4.00 4.00 4.00 4.00 

0.00 0.00 0.00 2.70 2.70 2.70 2.70 

0.00 0.00 0.00 8.00 8.00 8.00 8.00 

0.00 0.00 0.00 0.68 0.68 0.68 0.68 

units: l-w-I= 
z - $‘$ - $/Transf= 
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therefore -that 

atthefirstnodearrd 

usingalegwillxquire sagaetypeoftransferactivity 

the end node. 

?hefirst~inleg-lxlildingistodetermine~~stapnodesprwidethe 

potential foratransfer. Transfernodesmusthavethreelegs,theetr3ofa 

line,oranapproachlinkatta&edtothem. Afterthetxansferncdesaxe 

four& alllogical cambinationsoflinks betweentransfernodesofonelineare 

generated. melength,tmEltime,andfmquency ofservioeofeachlegis 

stored. TFWHalsodetemhesthefaredistrictof~chendof 

fileisthensortedbynodenmbers and xde in preparation for 

theleg. The 

!lSKlM. 

Thelinkpmcess ingin?sKIMmustfirst~ine- legsfrmvariouslhes 

intoasirx~lelink. Iheinterchaqeisambinedbymdeinoxdertoavoid 

transfer iqedameconfusionlaterinthepmcess. Thelevel ofsemi&arrJ 

frequencyofeachlinesemingtheinter&anyeissmmd. CCheaveragetxavel 

timearddistmceisusedtoappmximate~cmbinedal~tive. meresult 

isacoqosite iq foreachmdealtemativebetwem thet~~poirb.It&ould 

benotedthatthistechniquedoesnctrquire thattheiWi.viduallinesserv~ 

thein~eusethe-route. TheassmptianisUkatapermnwaitingto 

boardaparticularmodewillboardthefirstlinethatservesthatdestination 

inquestionrqaxdlessofthemuteittakes.Thistechnique,atbest, 
. 

appmxin&estheocgtqplexdecision-m&ug pmcessoftransitpatmns. 

F Tbeprqramthenfindsthreealternative 

t L 1 thatdefinethepossi33ledeviationsfrm 

pathswithasetofheurbticxules 

Ul!2btZStpath. Tofindthefirstand 

r 

I 

seam3altemativepaths(iftheyexist),theprqmn tracesbaclcflxmthe 

destimtion zonealoxqthebestpath, lookbqfora Weviationnode.81 A 
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deviation node occurs wfierethereisanalternativewaybacktotheoriginz~ 

thatisnotthebestpathandthathasnomorethantwolegs--onetransitleg 

andoneaccess leg (thecentroidconnector). !lBe fixstdeviationncde 

encountered (if any) beccmesthebasis forthefixstaltemativepath, andthe 

sea&deviationnode (again, ifaq) isthebasis forthesecondalternative 

pa- ~eserulesleadtofirstandsecondalternativepathsthatuse~same 

transitlinesasthebestpathform>stof~trip~departframthebest 

path in the specific access 1inksthattheyuse. Tofindthethirdalternative 

path,theprogramfirsteliffrcan~iderationthecentroid~rat 

thedest3nationzonethatwaspartofthebestpath. ItthenxanS thenodes 

linkedtothedestinationzol#!bytheremainingconnectorstof~thenode 

with the minimmhpedamekacktotheoriginzone. Theserulesforceapath 

thatdiffersframthebestpathatleastinternr;of~characteristics. 

Inapplication, thethkdalternativepathoftenusesentirelydifferent 

transitlinescompamAtothebestpathandthereforerepresents adifferent 

line-haulalternativeaswell. 

?he~~-~d~g~~zo~~z~~filesthatincludethe 

indivi~(~i~ted)~~~oftraveltime,distance,andcostforthe 

bestpathplusthe (weight&) total ix@ance forallfourpaths. Themfore, 

thecharacteristicsofthebestpathareaMilableforuseinthe~Choice 

Model;thetotalimpedancesareusedinapath&oicemodeltoallocate 

estimtedtransittripsacm6sthe fouravailabletransitpaths. 

- 

- 

- 

- 

- 

NCIWGbuildsonesetofwalJ~-access paths a&onesetofdrive-access paths in 

buththepmkandoff-peakperiods. Asaresult, uptoeighttransitpaths - 

represent~~it~~thatexistforeachz~~zane~ein 
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theregion. Apathchoicemodel,includedintheprogramthatappliestheMode 

ChoiceModel, allocatesthe foremsttransittrip6 (bya- mde)acmssthe 

availablepaths. 

Wait Time 

?hevalueofwaittimeiscalculatedfrmtheccanbined headway ofthelegksed 

onthezarrkxnarrivaltheoq. Rrevalueusedforthefirstwaittimeisthe 

n-dnhm of half the headway, ten minutes plus one-sixth of the headway, or 15 

. 

First Wait Time = M.h [l/2 hmdway, 10 min + l/6 headway, 15 min] 

Ihecapof15minutes forthefistwaittimeisbasedonthe~onthat 

tmnsitpatronsareawa.reofthebusarrivdL schedulearddonotarriveatthe 

1=RIsstop- than 15 Gnutes prior to the scheduledboardingtime.'Ihecap 

pmtectstheuseragainsttheassignmntofan mmasomble wait time for buses 

with low frequency of operation or the Yzrippers~~ by assumighalfoftheir 

headwaysastheriders8 waittime. No~lin&tisassm& for the transfer 

waittimesinceridershaveno contmlovertheir amivaltimeandtheheadway 

ofthebustowhicht%eyinteIx3totxmnsfer. Therefore: 

Tmnsfe?zwaitti.lne=1/2 hmdway 

79 

Timed-transfercentersmaybemdelledbyassignbqa xnaximmwaittinxsvalue 

at designated g$mlse" nodes. Tlxzcapisapplied~thetransfermittime 

only;firstboarders' waittberemains afumtionoftheheadwayoftheline 

haul Trade. 



Im32- 

Thevalueofcostpamneterisappliedasa functionofthe farestmcbre. 

TPATHdefinesthefaredistricts. TSKIMdefinesthefarestrucbzandthe 

fare. Various fare 

S-lY necessary 

fare policies. 

stmchm3techniquesareavailableinTSKIM. Itis 

tocumbineseveraltechniquesinordertisimlatemst 
- 

Azone-basedfarestructurewiththesamefare~~fordllnrodeswithina 

givendistrictisthesiq3lestandm6tccaranon stmcbreusedinsixnulation 

nms. Inthiscase,adii~-~ictfarematrixneedstobedefined 

withtheappropriatefaremlues. !t%epmgramassesses the fare for a 

partia;llarzone-tcrzonetransittrip~anthefaredistrictsoftheorigin 

andthefinaldest~ti~ofthattripregardlessof~intermediatestapsand 

transfers. Anatfarestructuremaybesirrollatedbydefiningtheentire 

semiceareaasonedistrictwiththe intradishict 

system's flat fare. 

faz72equi~enttothe 

~ferfares~ybe~~edusingthemode-to-mode~transferma~~~foreach 

district. Transfersareusuallyuniforinacmss allfaredistricts. 

Inmodelinganu3de-specificfarestructure,inadditiantotheuseofthe 

origin-destination fare mtrix, a %ur&mge@l should also be a@ied to the 

lnodesEquiringhic#erfaEs. Thesur&arge~dbec&edintheWlinkfare~ 

matrixandbeappliedtothefixstboaxdem (waUcordrivenudes) to the line 

haul rides (miles 4, 5, 7, an-3 8). 
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Xkematefarecollectionte&niquesincludeadistance-1#sedfareanda 

llhimumfareole~~fareischargedbasedonthedestination 

district,mde, aMilengthofeachlink. Thetotal fare is, therefore, thesum 

ofthelhkfams. nmninhmfareis~edbasedonthedestination 

district,mode, andcmulativefare. Ifthefarebebeen the origin and 

destinationislessthantheminimm, . . thefareandco~~ is 
. mcxmsedtotheminimm. Manydhtmce-basedfarepoliciesinclMeami.nimm 

charge forshorttrips. ?heambinationofthesetwote&niquesallcwsfor 

thispolicy. 

SearchIMiC 

Inamanneranalogmstothehighwaypa~-builder 

eachlegleavingthe minimmc=unrulativeimpeaance 

nextnode. Usiqthe "txlsh'methodwithtransitlegswillproctucealargeset 

ofpendingnodesmuchmorequicklythanhi~ylinks.?hetatalpathcanbe 

describedwithmlythreetofivetransitlegs. Eventhoughaparticular 

origin will examine rmbarms mEcesWylinkstom3sanmmde,smeofiAese 

linksmaybethebestlinkforadiffm2ntoriginandtiemfo3xcarmutbe 

eliminatedfrmthefile. 

EXIMisdesignedtopennitmltiplepathoptions. Theusercanspecifyupto 

sevenpathsmmtm&edfmnsecoMorthixdbestnodesequences.Tbepaths 

aresubsetsdefinedbyaccess al%ii~alternatiVes. mefiStpatiisi%2 

best path. The!Secondthmughfourthpathsare ooastructed franthe set of 

seocnlkStllOdI2S. Theorderofinclusicncanbedefinedas: 

P 
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3) Thefizstaltemateappxmhlinktothedestination 

Thefirsttwoaltematesapproxi.mteadistr~onofacCess links,andthe 

thidalternateiS~egressOpti~. paths five through seven use the same 

inclusionte&niquewiththethirdbestnodeseqence. 

Afteri3lebestandal~tepathsareco-,thepati~ filesand 

reports==g- ted. Thenodeandmodestrirrgrep~ingthebestpathis 

store3 for path-loading. ThesecotiaMthirdbestaltematebranchhgnodes 

are saved as needed. Fmnthesethreearrays,uptosevenpa~canbe 

reconstructed during pati-1ad.ing. me zone-to-zone !sumaxy filesarealso 

generated. Modesplitmquires,ataminimm,theiq@anceadaccesscodes 

foreachpathreqe&ed. A0zessccdesincludetheaaxss xnodeandlinkmmlber, 

the firsttransitmde, andthelasttmnsitmde. ModeSplitalsoneedsa 

skhofthe in-vehicletraveltime, didance, cost, m-of-vehicletraveltinq 

principle mde (i.e., thendewiththegreatestanmlativecontrihtionto 

. dl!hmce),andmmiberoftsansfers. !Ihi.sdata isavailableonlyforthebest 

paa. mey== assumedtransferabletoallutherpaths.Theiq&ance 

accounts forthevariations inthese parameters& is~foreslightlymre 

aaxrate forsuhmdesplits. It is also possible for the iqedame of an 

alternate~~tobelessthanthe"best"pathbecauseOfthetransfer 

- 

- 

- 
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considexationmentionedabove. Thexultiple-patitedmiquecan, therefore, 

helpminimizetransferbiasinpathselectian. 

Themmaiderofthis sectionwillatte~@todiagramsinpleexa@es of 

transitpath-kuildirq. Ead~stepinthepmcess willbepresented 

!Il-lisdia~~resents tcmtransitlinesandtwozcmes. Ihetransfernaks 

are A, B, C, E, and F. A,B,andEareincludedbecausetheyconne&with 

~&links.CandFarebranchingpoints. 

B 

Afterthe IImtmlsf~nodesareremoved, theSIEPlexa@eismnverkdirrto 

uniquelegsasshaminUxediagramabove. 

r 
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Ctheabovenetworkwillbeusedto dexmtratevariauscollaps~situations: 

1) 

2) 

3) 

If1ines1,2,and3a.reallofthesammde,leg~Ewouldhavethe 

cuxbinedfreqwqoflines1, 2,and3,andlegsE-GandDGwmldhave 

theaanbti fnqwmcyoflines2and3. Allotherlegswouldmmainthe 

If line3 isofadifferent 

E<,andIw;wuuldbekept. 

aanbinedfrequencyandmode 

1nodethanlines1and2,twolegsbe~D-E, 

Oneofthelegs betwemD-Ewouldbethe 

of lines 1 aml 2. !theuther&dbethe 

- 

- 

- 

- 

- 

- 

- 

fnxpmcyandmodeofline3. 

Ifline3didnot~~orstopatnodeE~alllineswerethe 

sammde,leg~Ewouldbethembinedfmqmcy oflines1and2,and 

1egDGwculdbethecmbined fnzqmcyoflines2and3. Allotherlegs 

wmldremainthesam. 
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STEP 4: BErmPAm-WImING 

r 

The tm approach links 21-A and 21-B wtmld be processed first. If Zl-A had the 

r 
1 processed. IftheiqedametoBwasstillthenextlmestcumulative 

. ~,thelinJ&fmnBtoG,E,andFwouldbemnsidered. SinceEandF 

between pavl Zl-A-E and Zl-B-E Md Zl-A-F and Zl-B-F. The best of each path 

wouldbepreserv edintheminirmrm amulative iqkbncearray. Becausethe 

wouldbesavedforaltexnatepath-tracirq. 

r I 
r 

C A . #3 l D 

B 
#4 

l E 

Intfaeabave~e,lines1and2arepoterrtidLpathstonodeC,andlines3 

and4alxpobkialpathsleaviJx3nodec.Supposeline1wastheminimm 

. lmpedancepathtOrodeC. whennodecismldytobeprm?ssed, thetransfer 
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leg- Thisplusthe cumulative hpedametoreachn&eCisthe iqedame - 

requiz&toreachmJeDorE, zspectively. Ifthgtransferiqedamxbetween 

themodesoflinelandline3isverylargewhilethetsansferimpedance 

~themodesofl~2andline3issmall,potentialpathbias~y 

oaar. Inotherwords,ifthediffenmce b&weentheaxmlative hpedame 

requiredto~~~CbywayofAorBislessthanthediff~inthe 

transfer im@anceofpath A-C-Dversus B-C-D,~bestpatitoDwillnotbe 

theab6olute minimum amulative inp&mce path. 

STEP 6: AWERWXPATFI~ON 

A C 

zl 

Zl-A-C-D-Z2. Thefirstalternatepathdivertsatthelastnodewithan 

aocessaltemativeanalysis. Thethirdpatiwauldbet&mlk~chlink 

(model) pathZl-A+-D-Z2 becausethis isthesecondtolastaltematepath 

- 

- 

- 

- 

- 

Mmselegorpmhxslegisanappmachlink. !mefourmpathistheecJmss 

c&ion Zl-&E-Z2. 
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TheModeChiceMakl. alFpliesthemltinmiallogitstrucktrewithamarket 

segmerrtationstrategythatportraysvariaustravelmar~insignificarrtly 

mxedetail than isusuallydone. Thisappmachdeparb frmusualpracticeh 

the explicit treabent of travelers with limited choice sets, in the size of 

the walk- and auto-access marketsammdthetransitsystm,aMiinthe 

assmpticnthatautoa~ Mnpeteswi~wdlk- within the walk-access 

ltEd&. 

Becauseoftheuniquefeaturesofthe~eChoice~,itisusefulto 

organizeitsdescription intemsofseven&aracteristics: Mcdel's 

mathemtim.lstructure,trippuposes and&oicesets,limitationsonchoice 

setsforirdivi~travelers,analysisoftransitaccess, treabWntofHov 

lanes, stratifimtionby inm~group,andanalysisofalternativetransit 

pa-* 

Themltinmiallcgit fomulation is, byawidemargin, them& calllmonly used 

modelfo~foraperationalmodednoicemodelsintheunitedstates. The 

rm,lltincaniallcgitmde.l isformlatedasshownbelaw: 

'g,i = 
-tug, i&j, i) 3 

; =P ["g,m(xg,m) 1 
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where: 

‘s,i 

%A 

istheprobability 

aretheattributes 

group 41 

z 

ofatravelerfrangroupgchcosirrgm3dei, - 
oftieithatdescribeitsattractivenessto 

indicates the summation of utilities over all available 

alternatives. 

Ug,m(%,m) is We utiliQ, or attractiveness, of nrode m for travelers 

i-ngrcrupg,=d 

- 

- 

Typically, the utility function for each alternative tabs the form 

Us,rn@g,rn) = am + %I?-% + cg,nF%,m + dm- 

isaconstantqecifictom&iemthatcaptu~~the~~eralleffect - 

ofanysignificantvariablesthataremissingfrt3mtheexpression 

(canfort, utility, safety, andso forth), - 

isavectorofcoefficientsdescribingtheimportanoeofea~ 
- 

I+ variable, 

isasetofvariablesdescribingthelevels-of -serviceprovidedby - 

mode m, 

is a vector of coefficients describirg the importance of each 

SECg,m characteristic of group g with respect to mode m, 
- 

isasetofvariablesdescribingthesoci~c~~~~ 

ofgroupgwithrespecttoxcde, - 
isavectorofcoefficientsdescribingthe~rtanoeofea~~ 

chara&&.sticwithrespecttomodem,and - 

isasetofvariablesdescribiq ckarahzisticsofthetrip 

(CBD-orientation, for vie). 
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PurmmesarrlchoiceSets 

Figure 11 presents the st.m&umoftheModeChoiceModel foreachofthethree 

trippslrpases. TheHEWmdelincludestheg3m&estdetailinthedepictionof 

thealternativemdes. Itconsidersdiscrebocaqanqlevelsasalternatives 

in ordertopennitanalysis ofalternativeocmpanqre&mmnb forHOV 

lanes. Italsoconsiderswalk-ardauto-aooess totransittobedhtinct 

alternativesinoxdertopruvideabetterrep3xsenta tion of the trade-offs 

betweenamessmodes,cleareranalysisof~ facilities at tmnsit 

stations, and recognition of capacity amshaints at stations. 

!Ihe inclusionofsweral altemativesthatmightbeconsidemd %uhdesll 

raised concerns ~~thecalibrationphaseonthe~idityofthestruckrre. 

Theseczomemswerethattheinlividual ocmpamylevelsandthetransit-access 

options might violate the %ndepeMence of irrelevant altemativesW (IIA) 

pmpertyofthemlti.nmiallogitmx3el. -Propertyas=== thateachof 

thealternatives inthechoicesetisequally~tivewiththeathers--that 

theirareno~ofalternativesthatshare~~~~. lhsts for 

these violations dur* mdel calibration identified no in&axes in which the 

calibrated coefficients in the models were affected by any violation of the IIA 

atssmption. 

r i 
P 
I 

r 

r 

?heHNWmodeliSSiXlil~tOtheHBw- hxtaggregatestherideshar~ 

options intoasinglealternative. Thi.ssi@ificationpmsums thatthe 

importarrt~~tforHcrvlanesisworktrwel~thatf~~~travelers 

will&ooseanomqancy levelbasedontbeprlweme OfanHuvlane. me 
. ~~ti~ofbath~it-aocessmodesreflectsarwiaJof~ 

. cm-BoardSumeydatathatiWicabdasubstant3al mmber of autoaccess transit 

trips forHNWtrips. 

r 

-- 
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SI!EUJC!IURES OF ElmmsE-s-c 
MlDEU-IOICE~DELS 

-BasEdwork 

Choice 

I 
Drive 
AlOIl’ 

I 

Ride 2 

I I 
Transit Tzansit 

walkaccess autoa- 

choice 

I 
Drive 
AlOll’ 

I 
Share 
Ride 2+ 

I I 
Transit Transit 

walkaccess autoaazess 

NonhaE-Based 

choice 

lkl 
Drive Transit 
Alone Ftide 2+ walk or 

autoaccess 
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Finally, the-model considersthesixqlestsetof~ alternatives, 

aggregatirg the ridesharing and transit-access OptiOnS. 2hi.s specification 

reflectsthelhnitednmberofNHE3transittri~ intheOn-EIoaxdSurvey forNHE3 

purposes- 

Limi~tiansmUmicx2SetsGfwtiti~~ 

While FigurelOidentifiesthemdal alternativesthataregenemllyavailable 

toatravelerfor~chtrip~, itsaysnothiqofthevariations inthe 

choice setthatmightocmr for individual travelers. Three types of 

limitations arepossible. Fixst,thei&ividualmaybemaki.ngatripforwhich 

transit~i~sinp?lydoesnatexist(si~ti~~~). Thiscase,bhich 

receivedintmsesczuthyinthe courseoftheanalysis,isthefocusof 
. dxm.assion in thf3 next section. Second, thetravelermaynothavethenwnsto 

useoneormxeofthemcdes;pemonswithoutamess toacarareunable4to 

drivealone (economiccaptives). Finally,variws -illtS~y*the 

travelertouseapartiahrsul2setofthemdes. mwhoneedacarat 

theirworkplace, formcaxple, likelywillnotusetransitandmaymtrideshare 

(functional captives). 

r To screen forsuchlimitations on&oice sets, thecalibrationworkontheMa3e 

r 
ChoiceWdel includedareviewoftahlatimsofmdeshares forawidevariety 

i 
ofzmbgmqsinthesurveyda~. lbt3grmpsenrergedfmanthisanalysiswith 

clearlimitations 

withoutcarsmake 

r second, travelers 

ontheirchoicesets. First,tmvelcxsfrcmhouseholds 

virtudLlyn,tripsbydriv~alolleordrivingto~it. 

inthe'managersandself-tmlployed"occupation~never 

r 

use either txansit mde. consequently, thecalibrationeffortexcluded 
d . travelersinbath~f~thecalibrationdataandusedonlythose 

r 
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- 
tmvelerswithfull choice sietstoestimatecoefficients. Thesubsequentmodel 

topredii=tchoices fortxavelerswithlimitedchoice sets. Thevalidationwrk 

demonstxated clearlythatthemdelsdeveloped for Wmcsers~~ adequately 

Inapplication, IAeMcdeChoiceModel firstestimatesthefractionofperson - 
trips for~~z~~zonepairthathavelimitedchoiaesets. TheModeluses 

loolcuptabl~derivedfn=anthesurveydata. Table30 summarizesthelwkup - 

tablesforthe~g~/self~l~~gnxlp,whileTable31presents the table 
- 

forzem-mrhmseholds. Forthesetwogm.qs,theModeChoiceBbdelestimates 

modesharesamxlgthealternativesaMilabletothegrcrup,ratherthan~ 

allofthe alternatives. 

!Ransit Aocess 

CalibrationoftheModeChoiceModelpross&d withacalibrationfilethat 

assumeda tripstohaveavailablebothwalkandautoaccess tothetransit 

sy-- Thisassu@ionrequhedthata- coding in the 1984 calibration 

networkpruvidewalk-andautm-a- linksfmnallzonestothetransit 

system,arenifthez~~30ornroremilesfranthe neamsttmnsitline. 

Thecalibrationworkusedthis~~~for~~. First,the 

~~ionsofa-distancesintheOn-Boardfluveyhaveveryl~ 

Yails ffwithtravelers8 bthwalJ&qanddrivirrgdisbmes I thataremlch 

longerthanthemandisbnce foreachmde. second, aldnrxe imporbntly, the 

HanreIntewiewsurVeyincludedveryfa~~i~thathadbathoriginand 

destination within a short walkirq distmce of transit. Atightdefinitionof 

walkingdistancewouldhaveeliminatedthetransitaltematives forthelarge 
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Hm+%sed+?ork 

AreaTypeat Workplace 

1. CentralBusinessDistrict 

2. OuterBusinessDistrict 

3. U&anFIesidential 

4. !%burbnResidential 

5. Rural 

InameQuartile 

1 2 3 4 

0 0 I.2 11 

3 9 14 I.2 

1 3.5' 12 20 

6 I.5 17 19 

9 19 20 33 

H-Based Nonwork 

Area-at Workplace IncmeQuartile 

1 2 3 4 

1. CentralBusinessDistrict 0 0 17 0 

2. OuteBusinessDistrict 0 19 7 8 

3. UrbanResidential 1 7 6 7 

4. Subu&anResidential. 3 6 6 6 

5. Ruxal 0 3 6 9 

c 
r 
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TABUE 31 

-mLD-m 
PERCENT TRIPS BY: TRIPFUFmSE,INaXEQuAHL?LE,ANDTRANSITA~ 

Hane-Basd Work 

-Quartile 
TransitAvailability 

1 2 3 4 

!Fransitservestripswithin 48 0 0 0 
0.3mileradiusmthe 
productionend 

Transit servestripswithin 
0.3 - 0.5 mile radius on the 
prafhctionend 

1 0 0 0 

TZransitservestrip6within 
0.5 - 2.5 miles radius on the 
prduction end 

7 0 0 0 

H-Based Nonwork 

IrwxrnreQmrtile 
TransitAvailability 

1 2 3 4 

Transitsemestripswithin 21 0 0 0 
0.3 mile radius on the 
prcductionend 

Transit semestripswithin 
0.3 - 0.5 mile radius on the 
productionerd 

1 0 0 0 

Transitsemestripswithin 5 0 0 0 
0.5 - 2.5milesradiuscmthe 
prcductionerd 
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majorityofobsemqtions fmantheHonreIntemiewSurvey. Thislosswouldhave 

result&inacalibrationfiledrawirqalmstall obsexvationswithtransit 

optionsfmntheOn-EbaxdTxansitSumey. Sincethecxlibationfilemuld 

haveincludedfaJautotravelerswfiohadatransitoptianwailable, itbecanre ' 

uncertain that such a file would pmvide sufficient data on xmdal trade-offs to 

sqpmtthecaltiratimwork. !mesecIbsermti~sugg~clearlythatthe 

maximumdistanaesyhauldbesetmuchl~~thantypicallyfaundintransit 

networks. 

In~licaticm, transitnetworksusemax.immaccessd&hnces of 2.51niles for 

walk links to aM frm tmnsit and 15.0 miles for auto-access tripsto 

transit. !thesedistances rqxesentthe@nt atwhi&theprobabilityof 

transituse,esthatedbytheMcdeChoiceMcdel,apprcacheszem. 

~~~y,whilethe~~~~forappli~ti~is~rerestricted 

(ardmucheasierto~l~t)thanthatusedincalibration,thepractical 

i.qlications of this restriction are negligible. 

TmnsitCbvemue: ~Smmmtaticmofzcxles 

Toavoidtheaggregation~rinherentintheuseofanonlinear~avera 

largewalk-to-transitareainea&izone,aprepmcesso rtotheMcdeCboia3 

pmgxamfh3tsegmmtseachzoneintmthreewalkmarkets. Thepreprmessor 

def~thesemarketsasaggregatiansofTSZsusedto~~pOFulati~, 

en@qmmt,ardtripmds. Thereare, onave.rage,eightTSZsineachofthe 

region's 800 

‘SthZOIEby 
frmtransit 

zones. Ihepreprocesscr 

group~theTszsinthe 

service. 

defirE?sthethree 

zone according to 

walk-within 

theirwaJkdi.same 
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TheM&eUmiceMcdelconsiderawaJJ~-a- marketthatmngesuptc2.5miles 

from transit. ~esurveydatausedincal~~ti~ofthelrodelsincludedthe 

specific lSZs of both the origin and destination of each trip. E&cause the 

triperdswere associatedwithspecificTSZsratherthanthel~~TAPzoneS, 

itwaspossibleincalibrationtoportraywalk-a- alxoalk~distance 

with~~precisionthanisusuallypossiblewithzane-level v . 

The 2.5~mile maxinmmwalJcdistamep-tsxnrediffimlties inapplication, 

hmever. Chiefamxqtheseisthecmcern thattheuseofzoIE-levelwalk 
. dEbnces will create aggregation errors in the forecasts. Aggregation erroLs 

m when nonlinear Tnodels are calibrated with disaggxegate data but then 

awlied infomxstirqwithaggregatedata. Sincx2theMcdeChoiceModeluses 

thenonlinearmultinmiallcgit formilation, itwuuldberiskytoapplythe 

Modelwithaggregatemlk-a- ~walk-egress marlets of up to 2.5 miles 

across. 

To avoid these risks, a prep rocessorprogmnisusedinconjunctionwiththe 

McdeChoiceModel topartitimthewalk-amess marketwithinm&TAPzoneina 

- 

- 

- 

way that minimizestheeffectsofaggregationermr. T%estrategyused 

pmgramistogroupthelSZswithineachzonei.ntoa maxinarm of three 

walk-a- partitionssothattheTsZswithineachpartitianhavewalk 

distancesthatareassimilaraspossible. TheIWdeChoiceMcdelthen 

evaluatessep3ratelythemdeshamsoftripspm3uced byandattracted 

of the walk-access partitions, usirg the walk tims specific to each of 

toeach 

parLitions. lhisstrategy ensumst.hattheModeClmiceMcdelisappliedto 

walk-a- and--ewe= marketsthatareashopmgene=lus as possible. The 
. Im=reasedhmqeneityofthemarkets,intutn, minimiZ~the~tOWhi& 

--. 
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the average walk-access timeforeachmarketm.ightbadlyoverstai32or 

understatetheactudlwalktimesfor~tripwithinthemarkets. 

cJ5~farAuqrwation0f!rszsinthewalk~ 

mebestlreasum 0fthehcmgeneityofTSZgmupiqs forthisapplicationis 

thesuqacmss 
. -within 

wfiere: 

Dt is the 
. 

DavgIsule 
N isthe 

allgmups,ofthevariancearuun3themeanwalk-access , 

Elch glmup. Ihevariancewithinagmupis,bydefinition: 
N 

walkdisbncefmntheTsZcentmidtothestqnode, 

averagezonalwalkdistmcetothestopnode, and. 

numbe.rofTSZsinthezone. 

IfalloftheTSZswithinthegrouphavenearlythesamewalkdi&ana2tothe 

transitstop,thenthevariamsforthegmupwillbsvexysmall. Ifasimilar 

degreeofhamogeneityexistsforallofthegrcs;lpswithinthezane,thenthe 

sumofthevariances acmssthezonewillalsobemall. 

Forexmcp?le,~possible~~~inazanewithtenTSZs~dbeto 

place the four 2SZs nearest thetransitstupnodeintothefirstpartition,the 

threenextclosest~zsintothesecandpartitian,~thelastthree(nrost 

distant)lSZsinti~thinL Thevarianceforthefimtpartitionwouldbe 

~withthe~~~abave,using~~franeachofthefaur~Z 

centmidstothetmnsit stopnode~theaverageofthesefourdkbmes. 

The variance for eati of theathertwopartitionswuuldbecqmtedsimi.larly. 

mesumofthevariances cmqutedforeachofthethreegmupswmldthen 
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representthedegreeof~~ityofthisparticulargmup~schemeforthe 

TAP zone. Toidentifythebestgmupiqpossible, it ismmssaryonlyto 

evaluatethet&alvariance forallpossiblegxwpixqs 0fthetenTSZs. The 

bestgmpingistheoneulathasthelawesttotalvar~ 

E35musethepmgramdescrhesthewalk-access ibilityoftripendstothe 

transit network, each alternative transit network FNr=-separate 

applications of the prcgmn-o ne for the trip ends associated with each trip 

purpose. Withineachapplication, thepmgramuses fourstepstocreateafile 

thatdescribesthewalka- ibility for E&I zone to transit. 

Ster,l. Foreachzme,theprogramfirstde~~thezonehas 

moretripproductionsorrrroretripattracti~. Thispemitsthe 

detenninationofgroupings WithineachZOIE~aWaythEk~ ‘Z&the 
primarychamcterofthezone. Thepmgramde~~ingsforzones 

thatareprimarilyresidentialareas onthebasisofthetrippmductions 

ineachCEZ,whileitdeteminesgrcorpingsin~l~andcoamnercial 

areasonthebasis oftripattractions. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

ske#u* Theprogramthenselectsthefirststmpncdetowhichthezoneis 

connectedwithawalkaccesslinkinthetransitne~rk. ForeachTSZ in 

thezone, itwmprtesthestraight-lhdishncebetweentheTSZcentrOid 
. andaestopnode. Depenbq onthisdistance, thepmgramthenclassifies 

theIsz intooneoflldistanmintervals . mefix?Sttenofthese - 
. intervals represent 0.25-d.le incmmmb in walk distame, ranging between 

ZerOandthemaximum 2.5~mile walk distmce. The eleventh intend - 

represents=== ofthezonethatarebsyo~walkingdistarEtothe 
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transitstopnode. Whenthisstepis~leted,~programhasalloca~ 

each!lsz inthezonetooneofthellintenmls . 

stex,- ~~-step,~P~ognpresses thellwaucintervals 

inbmefourpartitions--threerepewalk-amofming 
. dmtamesandthefourthrepresentingporti0nsofthezone~the 

maximum 2.5~mile walk-access dishnce . mampressMeten- 

WitiwdLkinjdistance, -program amstmckallpc6siblegmmupingsof 

thetenhtervalsandmqnxtesthevariameforeach. ItlllElnyZCIneS,this 

pxcblemisquitesin@e. IfallTSZs inthezonefallintothreeorfewer 
. mtemals,theneachintemal~awalk-access partition. As-the 

mrmberofintervalswithTSZsgKlws,hrrwwer,theproblezn~lcrnger 

to solve. The maximm size of this pmblem oaaxs wheneachwalk-access 
. mtemalhasatleastoneTsZ. Inthiscase,thereare36alkemative 

gmupimJsofthetenintmalsintothreepartitions.Itisusemto 

~eachgrarpingasathree-digitrarmber,with~digits~~~ 

thenum?mofhtervalsgKwpedintothefirst,~andthird 

partitions, respectively. 

811 
721 712 
631 622 613 
541 532 523 514 
451 442 433 424 415 
361 352 343 334 325 316 
271 262 253 244 235 226 217 
181 172 163 I.54 145 136 I27 118 

!RlepMl~requires fewermqutationsasthemmberofinbnmlswith 

~Zsbecolmessmaller. For~le,whensixinWJYalshaveTSZs,thereare 

cdytenpossiblegroupixqs. 
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411 
321 312 
231 222 213 
141 132 123 114 

zone is connected withawalk-a-link. 

hauseholds, employmnt, andtripendsacrcss thelSZs ineachwalk-a- 

partition. Itwritesanoutput filethatincludesonereaxdfor 

zone. Onea&record,thepmgramwrites: zonemmber,teminal 

parkingcost,areatype,and~itstopnodestowhichthezone 

-. 

each 

-1 

is 

For each stup node, it stores: average walk distance to each partition: 

average autos per household, for each partition; average autos per person, 

for mch partition; flag indicating high incidence of zero-car households; 

tripproductionsby incoane group, for each partition: and number of 

attractions, foreachpartition. 

Forzonesthatarenotwalk-connected tothetransitne~rk,thepmgram 

writeszonaltotalsintothefieldsnormallyusedtorepresentaooesstothe 

firststopnodeandflagsthezoneasnut+mlJc-cmm&ed. 

E&yoti+AegeneKalappealinulispx7x&ure' sabilitytoreducepmblemscaused 
. byaggregationbias,thepmceduxelargelyovemax~aloq-star&q problem 

with rep resentationofwalka- inzoneswithrailstations. me 

conv~onalapproa~tocodingwalka- involves manually-developed 
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estimatesoftheshareofeachz~'stripendsthatarewithinwalking 
* dmtance of transit. ~canventianhasdiffi~ti~inz~withrail 

stations,hcrwwer. Mostrailstationsaresexvedbysignific2mtInmbersof 

feederbuslines-palkiallarlymosestatiansinthel~~ 

-areas. Comequmtly,mstorallofthetriperds 
. summdmgzoneshavewalk-access toscmetransitsemice. 

zonesfoutdin . 

ends,howwer,thiswalkaccess istoafeederbus,notthe 

within the 

Formanytrip 

rail station 

itself. Thedifficultyarisesbecausetheminimnnnimpedancepatho~, 

peIbpsusually,usesthe~walkcannectiontothestatian.Iheresulting 

Paul =P- theserviceaMilablecnilyto~trip~withinwalking 
. ~ofthestationitselfarrdcrmi.tstheadditionaltinreardfare 

associatedwiththe feederbusaccess thabmstbeusedbymostofthetip 

er~%inthezone.Theacoess oodingandpati-buildirrgthereforemerstatethe 

werallquality 

imolvesdkect 

of transit sexviceavailable totripsto fromtheZOIE?. 

pImcedWelaryelysolvesthisprableIn. whenthebestpath 

walkaccess tothestation,thethmewalk-accessmarkets 

aroudthestationa ccurate.lyportraythedistrihtianofwalk-accessdkbnces 

to the station. TheModeChoiceModelcanthereforeevaluate 

hight~transit 

thedeclinein 

shareslik2ly 

transit sham 

inareasimediatelyadjacentto 

thatoccursasthewalkdistan=e 

accurately the 

the station, and 

beamslarger. 

highwaytraveltimsavailabletotravelers inthemimd-fluwtraffic,while 

the- 3xcognizes the rducedtraveltim2savailabletotravelerswith 
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ocaqnmiesthatqalifyfortheHOVlanes. TheMmAeUmiceModelassignsthe 

appropriatetraveltimetoeach ocapmcyalternativeand~modeshares 

thatrecognizetheimpactofHOVtimsavhqs. Fbrthex,theattributesofthe 

ocmpanqlevelsthatqualify fortheHUV lanesincluleavariablethat 

represerrtstheimprovedreliabilityoftraveltime~the~lane. !the 

coefficientonthisvariabletakesavaluethatis~ferred fmntheShirley 

HighwayErmdelsin~Washingtnn, D.C. Thereliabilityvariableplays 

animport;mtroleintheShirleyHi~ylllodelsin~lainingtheshareof~rk 

tripsthatusetheHOVlanes. Withmtthisvariable, itappears thatrmde 

choicemodelswillunderesthate significantlythelikelyvolmbesonHoVs on 

resemed facilities. 

The borrmed coefficient does not reflect D.C.-specific carpoolirq 

characteristicsandincentives(suchashi~parkingcosts,federalgw~ 

carpooVvanpool Programs, e*-), as these variables have their own coefficients 

in the Shirley Highway model. This coefficient nIE?amBonlythetraveltime 

savimgsandnothingelse;thus, itxnaysafelybehported. 

InxrmeStta~icatim 

Asdisc=ussedpreviausly,theTripD~~~~usesa~of 
. mwm-stmtified gravity mdels to estimate a separate work trip table for 

eachoffour incaxgroups. Thisapproad1prcvides&xtantiallym3re 

informationtothe~Choice~thanisno;rmdllyavailable. Theadvantage 

of-the wtified work-trip distrihtion is that it recognizes the 

linkages betweenhous&oldsandjcbsthatarefam3inthesameinaxaestrata. 

Thefurtheradvantageinthemodecfroioeanalysisisthat~stratifiedtrip 

tablesprc~~ideaspecificestimateofthetravelpatternsoflow-incm~ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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workers. sincevirtual1yal1zem-Wl.r hcuxholdsarp!f~inthelowest 

incoprre Stratum (at least in mst cities c&side of New York), this permits the 

ModeChoiceModeltopredictthe incidenceoftrips frmcarlesshouseholds 

withgreateraccuracy. 

Cal~~ti~ofaModeChoice~involvesthedenrel~ofestimatedvalues 

forthe coefficients orweights ofthfzutilityequations. calibrationrequires 

dataonasufficientmrmberoftravelersthatincl\desdescsiptionsofthe 

mcdal alternativesavailabletothetraveler,~~i~actwllymadebythe 

traveler, andrelevant~~~icsof~travelerandthe~v~~'s 

hous&old. FortheModeChoiceMalel,the1984 HcDneIntemiewar&On-Euaxd 

Transit Surveys together pruvided more than 9,000 valid, qlete &servations 

onautoandtransittripslMdeintheDdllas-Fortwortharea. Thehighwayand 

transitnetworksprovidedthe mcessaqdescriptionsofallautoandtransit 

alternatives fortravelbeWeentheoriginanddestim&ionofeachtrip. Since 

the rnmber of obsemations available exmeded the mmber needed for 

calibration, thecalibrationfile isarandcnnsampleoftripsdrawnwithina 

quota set for each alternative. Thesanpliqstrategywasto~l,atraMm, 

400 obsemationsoftravelersusingeachmde. Formdeswithfewerthan400 

trip in the Surveys (3+ occupant autos for work travel, for ewzlp?le), the 

calibration file includesali oftheavailableobsemations. 

Sincethecal.ibrationfilesrepresentnanrandoP san@es frmthepopulation, 

the resulting mode-specific am&antsambiasedestimates. Asixple 

adjusbent conrects forth&bias: 

r * , 
-. Sshar%, 
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where: 

G istheadjusted,unbiasedestimateoftheconstant, 

G isthebiasedestimatefroancalibrationwithnonrandcrmdata, 

P-share,istheshareoftripsonmdeminthepopUation,and 

S-sharp,istheshareoftripsonmodeminthenonrandcan~le. 

Gllaratim StLam 

ThecalibrationeffortusedthelMinframecarpxrterprogramQUAILtoestimate 

the mdel coefficients. QJAILisawidelyusedpmgramdevelopedby 

researchers at the University of California at Berkeley. It provides a variety 

of data-mni~ationfunctionsandmaluationstatistics. Italsoaccurately 

hardlescases forwhichonlyamstrictedchoiceset isavailabletothe 

traveler. 

The calibration effort hcluded the estimation of nearly 100 different model 

specifications. TChewe.rallstxategywastobeginwithsimplespecifications 

thatincludedrelatively fewvariables, andthmaddbothdetail a&additional 

variablesinwell-definedsteps. Severaltestsappliedtoeachadditional 

variablehelp&todeteminetheusefulness 0fthevariableintheModel. 

mesetestsincluded: 

0 Inspection of the sign of the variable's coefficient - Incorrect signs 

wemsufficientcause fordeletionofthevariable fmantheMode.l. 

l Tests on the significance of the coefficient estimate - OQnplted 

t-scores less than 2.0 led to deletion of the variable unless it played 

auniquemleintheMcdel. No variables witi coefficient t-scores of 

lessthanl.6 (9Opercentconfidmcelevel) appearintheModel;only 

two of the coefficients have t-scores less than 1.96 (95 percent 

confidence). 104 

- 
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l Likelihoodirrhxtests -TWS’2t4?St!SUSf3thestatistiC 

X2 = 2 www - =4a 3, 

wfiere: 

X2 isachi-squaxe distributed variable, 

LL(m) is the log-lwihood value at convergence for makl m, and 

a? isamdelthataddsoneormrevariablestothe 

specificationinmdelnil. 

~addedvariablesarestatisticdllyusefulin~~ifthe 

statistichasavaluethatisl;lrserthanthecritical~~~frran 

achi-squaredtable forthedesiredconfidencelevel,withthedegrees 

of freedom equal to the number of added coefficients in mdel m2 

CcanparedtomdelniL AllvariablesintheMfdelspassedthistzst. 

l Tests for IIA violations - Sincethesignificantin@icationsofIIA . 

violatims are biases in the coeffici&nt estimates in the Model, a 

directtestforIIApr&lemsisthedeletionofoneorm~ofthe 

EittSMtiV~ suqmted of IIA violations and mestimatim of the n&el 

coefficients. Where none of the coefficients -its a significant 

~e~the~Models,thereislikelytobenosignificarrt 

violation of the IIA assumption. NoneofthetestsforIIApmblems in 

theModels imli~tedaqviolation. 

Malel Chefficienb 

Tables 32 thrmgh 34 pmsent the coefficient estimates for each of the thme 

coqmentsoftheModeChoiceModel. The Model inzludes coefficients on four 

typesofvariables. !rhefimttypeinclude!5allWLriablestbatdesQcibeMe 

~tionsystemsuc!hastimesandcosts. !lllecoded~rtation 

~r~prolvidemostofthesevariablrx, with~~~ofhi~y 

r 
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TABLE 32 

Home-Based York Moda Choice Uodel 

Coefficients and Constants 
_-_________-_--_____--------- ,,,,,,,--,,,,,,,,,,,,,,,.,,,,.,,,---------------------------------------------------------- 

Variable 1 Drive Alone 1 Share Ride 2 1 Share Ride 3+ 1 Transit/ I Transit/ I 

Description 1 (Occ.=l) I wcc.=2) l(Avg. OCC.= 3.1)1 Ualk Access I Auto Access I 

I _____---_-_---_-____________ ___-__-_----_-_-________________________----- -------------------------------------,- 

iIn-Vehicle Time 

IT ermine1 Time I 
IAccess/Egress Time 

IFirst Uait Tims <=7 min. I 
[First Uait Time ~7 min. I 

[Transfer Wait Time I 
IHOV Time Savings per Mile I 

IAuto Access Deterrent 

I(Auto access time - I 
I Transit IVT for nonCBD I 

1 zones) 

I ‘I 
IFuel Cost/Occupancy 1 

IFare and Park-L-Ride Fee I 

IParking Cost/Occupancy 

!Dallar CBD 
I 

- Attraction1 

IFt. Worth CBD - Attraction! 

II ncome Puartile I 
IAutos/Person 

IAutos/Household . I 

I 
IMode-Specific Constants: 

-0.02967 

-0.05524 
s 

-0.02967 1 -0.02967 1 -0.02967 

I I 
-0.05524 1 -0.05524 1 - 

:I :I -0.05524 -0.05492 

-0.02873 

-0.05909 

-0.02967 1 

-I 
-0.05524 1 

-0.05492 1 

-0.02873 1 

-0.05909 1 

I ____-___-_-______-__------ I 
IChoosers 

Itero-Car Households 

IManagers/Self-Employed I 

-0.00465 
m 

-0.01162 

-0.00465 -0.00465 
- * 

-0.01162 -0.01162 

-0.25890 -0.36268 
0.49175 0.35434 

B -0.10000 I -0.10000 

-1.25600 -1.25600 -D.72180 I s 

I m -0.86600 1 -0.52970 

I 

I - . 
-0.69356 -1.70519 0.35815 I -3.36142 

-2.07312 1 -2.26187 1 3.11799 1 

-1.02428 1 -1.49155 I - I 

-0.66040 

- I * 
-0.00465 1 -0.00465 

- I - 
I 

3.51612 I 3.23425 

2.66916 1 1.87084 

I 

Note: Times are in minutes and costs are in cents (1984 Dollars) 
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HOME-BASED NONWORK MODE CHOICE MODEL 
COEFFICIENTS AND CONSTANTS 

Variable 1 Drive Alone 1 Share Ride 

Description 1 (Oct. = I) [(Avg. Dcc.=2.2) 
__________-___-_____--------------.------------------------ 

IIn-Vehicle Time 

IT erminal Time 

(Access/Egress Time I 
IFirst Uait Tima 

ITransfer Uait Time I 

I 
IFuel Cost/Occupancy I 
IFare and Park B Ride Fee I 

IParking Cost/Occupancy I 

[DelLas CBD - Attraction I 
IFt Uorth CBD - Attraction I 

IRural Attraction 

II 

I 
ncaae Quartile I 

IAutos/Person 

IAutos/Household I 
IHousehold Size 

I I 
Inode-Specific Constants: 1 
______-_--____----_------- 

;Ch oosers 1 
[Zero-C&r Households I 
IUanagers/Self-Employed I 

-0.00368 1 -0.00368 

I 
-0.00736 1 -0.00736 

- I 

: ; 
I 

-0.00230 1 
- I 

-0.00585 1 

-I 

:I 

-I 

:I 

- I 
I 

I 
0.00000 1 

- I 
I 

-0.00230 1 

- I 
-0.00585 1 

I 
-IA3840 1 
-1.02043 1 

0.65920 1 

-I 
-0.95360 1 

* I 
0.25420 1 

I 

I 
0.37545 1 

2.75683 1 

0.45923 1 

Transit/ I Transit/ I 

Ualk Access I Auto Access I 
_____---_____-c_________________ 

-0.00368 1 

-I 
-0.00736 1 

-0.01472 1 

-0.01472 1 

-I 
-0.00230 1 

- I 
I 

1.66726 I 

1.35411 [ 

- I 
I 

-0.88450 1 

-0.67800 1 

-0.26940 1 

0.41890 1 

I 

I 
-2.23464 1 

3.49634 1 

- I 

-0.00370 1 

- I 
-0.00736 

-0.01472 I 
-0.01472 

I 
- 

-0.00230 I 
- 

1 
0.95850 I 
0.42254 

- I 
I 

-0.88450 1 

- I 
-0.26940 1 

0.48250 1 

I 

I 
-4.88123 1 

- I 
- I 

Note: Times are in minutes and costs are in cents (1984 Dollars) 



TABLE 34 

NONHOME-BASED MODE CHOICE MODEL 
COEFFICIENTS AND CONSTANTS 

__________________-_____________________--------------------------------------- 

I 

Variable I Drive Alone I Share Ride I Transit/ I 

Description IKlccupancy = I) ICAvg. Oct.= 2.2>1 Ualk B Auto I 
~~~~~~~~--------- _________--------_______________________---------------------- 

[In-Vehicle Time 

IT erminal Time 

IAccess/Egress Time 

IFirst Uait Time 

ITransfer Uait Time 

I 
IFuel Cost/Occupancy 

IFare and Park 8 Ride Fee 

IParking Cost/Occupancy 

IDallas CBD - Production 

lDallas CBD - Attraction 

I -0.01216 I -0.01216 I -0.01216 I 

I I 

i -0.02432 - 1 I -0.02432 1 

: * ; I 

-0.02432 -I 1 

! : ; -0.08512 -0.08512 1 1 

I I I I 
I -0.00435 

I 

- 

-0.00702 

I 
w 

IFt Worth CBD - Production I 

IFt Uorth CBD - Attraction I 

I I 
IEnployment Density I 

I 
i&de-Specific Constants: I 

-0.00435 - 
- -0.00435 

-0.00702 - 

-0.97141 

-1.83518 

-0.54975 

-0.59156 

0.49193 

0.92062 

I ___________---__-__-______ I I I 
IA11 Groups 0.00000 1 -2.28567 1 -2.24233 1 
________-_____-_________________________--------------------------------------. 

- 

- 

- 

- 

- 

- 

- 

Note: Times are in minutes and costs are in cents (1984 Dollars) 
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. tx3nmaltimeandparkirrgcaststhatarecharacteristicsofzanesra.therthan 

ofthenetwcrks. The second type of variable is a location-specific 

indicator. Thesevariablescaptureotbmiseummsmableeffects oftravelto 

orfmncertaintypesofareas. TheDallaSCEDhaStheHk3Stimportant 

locati~~iceffectsoIIthemodechoicesantheattracti~oftrips, 

whiletheFortWorthCBDhaslessp xmouncd effects. The thixd type of 

variableincludessccioeaxmni ccharacteristicsofthetraveler'shazsehold. 

ALltos-pw in the hms&oldisgenerallythemstixportantsocioeccmnic 

variablethatinfluences mde choice. T¶Ielastclassofvariablespermits 

estimation of U3ree sets of x&-specific constants: one set each for 

travelerswithnorestrictions ontheirchoicesets, one forzero-car. 

hauseholds,andoneformanagers/self~l~~persorns. 

The rigomus validation phase of the mdel developnent effort included two very 

different kinds of tests andexaminedthe formastingabilityoftheMa%ls in 

three diffemnt years (1980, 1984, 1986) and four scurces of data: 

datafrmthel984HmeInbrviewaxxIOn-EoardSumeysindisa~te 

fomat-that is, p resemedinirdividualtripreaxdfornrat; 

triptablesdevelopedfmnthe1984 Surveys, stratifiedby trippupose 

andchoioesetlimitations; 

198OTRPPdata forthelhllas-F'ortWorthregion;and 

1986 highway and bansit count dab. 

T¶leimportant-on~~saurces istheirlevel of aggregation. 

mefirst sourceisentirelydisaggregated;itpresenres the individual trip 
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records frcantheSurveys forgrouping intoanystratificationoftriplengths, 

geographic orientation, orhouseholdcharacteristics. Themminingsources 

areaggregatedatathatpemittestbqoftheoverallperfo~ of the 

Models, a@iedinthesamemnner inwhichl%eypmduceforecasts of future 

travel corditions. 

!lk?stsofEstimated~~ 

mefirstdata -plXlILitteddisaggregatetests~the~O~ of the 

Models. Thesetestsstratifiedthedataintospecificclasses oftravelersand 

tsipsandtestedtheabilityofthe~stopredict~modechoicebehavior 

withineachgroup. mesetestsledtotheadditionofseveralvariablestothe 

~~--theproduction-end~indicatorsintheNHB~andtherural 

ama-typeindicatori.ntheHNWmodel. Thesevariablesobtainedstatistically 

insignificant coefficients in model estimation but clearly play an important 

role in forecastingmdeshares forcertaintrips. Withtheseminor 

adj~,the~~sperformedverywlellwithinallofthegeographicand 

- 

- 

- 

- 

- 

- 

- 

sccioeconmicsubgmq6 identified for the tests. 

Theremainingthreedatasources supported testing of the full inplem&ation 

oftheModeChoiceModeltoreplicateobserved, aggmzgatetravelbymde. The 

1984 datawasmstiqortantinthesetests, sinceitinclud&triptablesfor 

alltripplrposesandforallgrmpsoftravelers. Pmdictiontestswiththis 

data sourcepennittedtheadjustmntofthexde-qecific oanstantssothatthe 

ModeUmiceModela ===-lY represented 1984 travel crafiitions. These 

adjustmen& ampensate for the effects of saqliq error in the selection of 

thesubsaqles formodel CalibrationamIforany ~tionermrassociated 

withapplicationoftheMcdelswithzcnaldata (ratherthan hmsehold-specific 

datafmnelesllrveyreco~). 
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%bisvalidationstepadjustedtheax&antswithap~ similar to that 

=!Played in mrpmsatirq for the mnraMcm sample effects in calibration. It 

againmadeiterativeadjusbznts anprted with the following equation described 

on page 104. 

Aftervalidatianagainstthe1984 triptables,the198OUIPPpmvidedthebasis 

forfurthervalidationofestimtedzom-to-mnetransitshmes forHFWtrips. 

Together,~~idatiantestsin~~+l?year~praridedagoodtestof 

~of~dezllandrmdels,not~y~choice,sincethere~major~ 

intheregiancnrerthissix-yearperiodin 

ecmcqardthelmd.softransit senrice. 

prdictedoveralltransitvehiclemilesof 

bththestateoftheregian8s 

Inallumzeyears,theln0delset 

travelwithin2percentardtotal 

transitridershipwbin5percent,inasettirgwherebothbtalscharqedby 

lnorethan3om. 



lkearcelasticityis: 

log Q2 - log Ql 
Elasticity= 

log P2 -1qPl 

Whm: Q1 & 42 =derrrard (before&after) 

Pl&P2= semice(beforeandafter) 

Thetestsexaminedthe~elasticityoftransitwithrespectto~~in 

thmetransitsemicevariablesandthe <=rosselasticityoftransitwith 

respecttochanpsinthreehighwayservicevariables: 

SezviceVaria33le 

Transit 
Transit IW 
H-Y 

fishwaY 
-Highway IVT 
Ftlelcost 
cIBmarkingcost 

% 

-15% 
-15% 
-30% 

-30% 
+4!% 
+45% 

Itispossibletoccanperte~setsofaggregate-elasticiti~ frmtheMode 

ChoiceModel: one setforalltravele.rsandthectherfortravelerswhohavea 

full set ofxr&al options available. cmprisonof~twosetsof 

elasticities highlights the effects of the identification of the two gruups of 

travelerswithlhitedchoicesets: pecplefmnzero-car householdswhocatmot 

drive alone or drive to transit and pecple Unt are managers or are 

self~lcyedanddoncttahtransit. 
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Table 35 summarizestheccarp?uted aggregate elasticities frantheModels for 

bothalltravelersard"-" only. Table36showstheconsistencyinthe 

wexallelasticitieswithcmpiled averageelasticitiestaken framtwo 

references. 

‘r 
. 
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TABLE 35 

M3DECHOICEMODEL: DIREKTANDCRESELRSlTCITIESOFDEMAND 
lmRK4RIoussY~- 

Service Hm- HNW- Average 
Variable Choosess All clmosas All All 

Transit IVT -0.27 -0.24 -0.06 -0.05 -0.13 -0.20 

Headway (wait time) -0.13 -0.13 -0.18 -0.17 -0.72 -0.23 

.- -0.18 -0.16 -0.15 -0.13 -0.40 -0.20 

BOY JYr 0.26 0.23 0.04 0.03 0.11 0.18 

Ftlelcost 0.09 0.07 0.07 0.06 0.08 0.07 

cEDParkiIqmst 0.38 0.39 0.51 0.38 0.35 0.38 
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TABLE 36 

i- 

r 

F 
I. 

c 

I. 

‘C 
I I 

Variable NCZWG soura 1* source 2** 

I. cElDParkingcost 
- Average 
- WorkTripe 
- NonworkTrips 

0.38 N/A WA 
0.39 0.33 WA 
0.37 0.18 WA 

II. Transit Fare 
- Average 
I s &iz (G-T- 1 d-1 

-peak 
- Off-F+?ak 
- WorkTrips 

III. Transit In-Vehicle Tim 
- Average 
-wale 
- Off-E&& 

-0.20 -0.28 -0.28 
-0.20 -0.24 -0.17 -0.22 
WA WA 

-0.19 -0.17 WA 
-0.22 -0.40 WA 
-0.16 -0.10 WA 

-0.20 WA WA 
-0.21 -0.29 WA 
-0.18 WA WA 

Wait Time 
Average 

Off-Peak 

Roadway In-Vehicle The 
Average 
Work Trips 
NonworkTrips - 
Autol3x?lcost 
Average 
WorkTrip 
NonmrkTrips 

-0.23 
-0.22 
-0.25 

0.18 WA WA 
0.23 N/A WA 
0.07 WA WA 

0.07 WA WA 
0.07 0.21 WA 
0.06 0.32 WA 

N/A -0.22 
-0.20 WA 
WA N/A 

* Easmetrics,Inc., PatronageDpactsofUmqesinTransitFbresand 
Sexvices, US DYT/UMlX, September 1980. 

** Barton-m Associates,R.H.PrattadCmpany,TravelerRespometo 
Tmmporbtion System Charqe, US DUT, July 1981. 
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Thecapacity-mstrai.nedRoadwayAssignment~ (AssIm) usesanincmmental 

prccedmewithvariablelink~~criteria inassigniqtmfficontothe 

roadway network. Apati-buildjngtechniquesimilartotheoneusedinthe 

madwaypath-buildiqmdel(TREEXD)isincludedinthisp~ Amy 

linkfileusingtheoff-pedknumberoflanes isusedinthecaloulationof 
. mpedarEbasedontraveltime, distanoe, andcostparameters: 

In@hnce=(a*Time)+(b*m-@h)+(c*~ast) 

WheIW 

Time =traveltimeinhaurs 

Imgth=triplerqthinmiles 

c!ost=tol.l incents 

a=valueoftim($/hour) 

b= fuel cost ($/mile) 

C = consmzr price index convertirq cost data to 1984 con&ant dollars 

The values for a, b, and c vary by year ard are shown in Table 37. 

TABLEI 37 

RoAmAYAssIGNMENT zIlE%mNcE-- 

1980 6.00 0.10 

1984 6.00 0.07 

1986 6.00 0.04 

2000 6.00 0.05 

2010 -'6.00 0.06 

ValueofTh 
(Smw 

a 

- 

fl 
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nld.cost 
Cwyl 2% 

C 

1.30 

1.00 

0.95 

0.70 

0.50 



- 

~initial~forassignrmentisbasedon~oruncongestedspeeds. 

Itisthe commnpractice atNClWGto inmxSethespeedsonfreeways, 

frontage roads, &principal arterialsby1Opercent. This is inreccgnition 

ofte&enciesoftheaveragemtoristtoexceedthe maximmallcwablespeed. 

Astrafficisloadedontothelinks,thespe&is mducedauxrdbqtoa 

volumeiielayrelationship. Thelinkbpedmceisthenupdatedaccordingly. If 

thetriptableistobeloadedontopofaprevioUsassigmr2nt, the 

volume-delay equation is applied to the previous volumes, ard the initial 
. qmAanceiscalculatedtoincludethistraffic. TheMcdelcanperfonndaily 

aswellasbcthnmminganlaftermon peak-hourassignments. 

VolmY+wlav ECnEltim 

TWO volume-delay equations used for high- and 1ckJlapa city facilities are 

aefineaboulin~~yandthepeak-haur~yAssignment~s.The 
. . d3stm&ion ismadebasedonthe capacityofthelink. High-capacity 

facilities (usually freewa ys) are defined as those exceeding 3,400 vehicles per 

hour (one way). 

Thedelayhpdance assignedtoexhlinkiscalculatedfrmthe follm 

volume-delay equation: 

Delay= Min 
(mirnrtes/mie) 

I c 

I 

Dailyvol~areconvertedtohaurlyunitsusinga~~~~ian 

factor. F&tors of 0.10 and 0.12 are generally used for high- ti lm-capacity 

- 

- 

- 

- 
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facilities, respectively. Thecmnv~ionfactorsusedinthepeak-hour 

assignmentaresetto1.00sinae~entirepedk-haurtriptableistobe 

assigned. 

A,B, andCparametersvarybycapacitytypeand~f-day(~yvs.peak 

hour)andarecalibratedtoproltuoeabservedtraffic~l~urdervarious 

traffic conditions. Table 38 iists these parameters forhigh-andlw-capacity 

facilities. 

I I 
High-Capacity 

Facilities 
Im-Capacity 
Facilities 

I 
I 

A= 0.015 A = 0.05 
B = 5.30 B = 3.00 
C = 60.00 C = 10.00 

E?esidesusingadiffermtvolumxIel ay equation (see Table 39), the peak-hour 

assigmmtpmazssalsorequkes the use of a peak-hour trip table. Peak-hour 

distributianfactolrsbytime-of-day(~~vs.afternoan),trip~(HBW, 

HNw,NHB,~),andtsiporientatian(~~vs.a~~~end)are 

appliedto~ilytriptabl~before~applicaticrnoftheAssignment~. 

Distributian ofpdc-hourvehicletripsbygmpose is atbined fmnthe1984 

HomeIntemiewSurveyandis summarized in Table 40. 

r 
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TABLE 39 

PFAK-HmRvoLuME-mLAYP- 

High.Cqacity Ifw-Capacity 
Facilities Facilities 

A= 0.015 A= 0.05 
B = 7.00 B = 4.50 
C = 60.00 C = 10.00 

TABm 40 

ww WV w-w mm 
Hoane- Hame- 

Basd Nonh- 
Work Nonwork Based Other 
Trip6 Trips Trips Trips 

a.m. Peak-Hour 
Pmductions 18.00% 5.10% 0.74% 5.29% 
Attractions 0.23% 0.69% 0.74% 0.71% 

p.m. Peak-Haur 
Productions 
Attractions 

0.45% 3.90% 3.78% 3.74% 
13.49% 4.43% 3.78% 4.26% 

The volume-delay equation axves are showy in Figure 12 for daily ad peak-m 

assignmzntoptions. Thecmwesbeginwith zerodelayatluwvolume-to-capacity 

ratics. Tlbreislittledifferenoebetwleen thetwovolutws-de.laya~.~~es 

(fEeewayvs.nonfEew3 y) for vol~~city ratios of less than 0.7. The 

vtAgl parameter primarily influmces thelowerportianoftheaxme. 
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FIGURE 12 
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VOLUME DELAY CURVES 

for DAILY and PEAK-HOUR ASSIGNMENT MODELS 

DELAY IN MINUTES PER MILE 

0.s 0.76 1 12s 1.5 
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0 0.26 0.6 0.75 1 1.26 1.5 1.7s 2 
VOLUME TO CAPACITY RATIO 

- FREEMY CURVE - NON-FREEWAY CURVE 
L 
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However, asthevolum~~cityratiosexceedO.7, thedelayrises 

exponentially to the lIIiucimcrm allmable delay. The "B" pammeters detzemine the 

mqnitude0fthe~nential illmaseinthe~es. 1tisinthisareawheE 

thedifferences betweenthe facilitytypes becoanessignificant. Themaximum 

allowabledelayofthevol um-delay curves are govd by the V1' parameters. 

Tl-ieCpamm&erre.presen~theslo~estpossiblespeeds 0flnpJh for freeways 

and6mfornonfreeways. TheCparameterpreventsalinkspeedfroangoingto 

zeroa&blockiqpathsuMieraxqes'kdconditions. Anotherwaytoviewthe 

effects of corqestion are shown in Figure 13. The speed-congestion -es 

display the . decxeaseinlhkspeedW~ toinmzasirqcongestion. The 

initial speeds of 60 nph for freeway facilities ard 30 lqh for nonfreeway 

facilities were chosen only for display puqmses. 

AssicmmtPmcedm= 

Thepmgramreadsanoriginzone,k~ildsminirmrmh~dancepaths froxnthatzone 

toallatherz~,ardassi~aportianoftheinterchangetripstoeachlink 

along the path. Ashasbeennoted,thelinJciq@anceassociatedwith 

~~-~~inAssIcaJisdifferentthanthatofthepath-lxlilder. I4inhnm 

tinrepathsareusedintheDistritxltionModeltRriletheAssignment~ 

minimizes a llgeneralized cost" function of time, distmce, ard tolls in 

builditqitspaths. Asaresult,thepathsusedinAssigrmntarenotthesame 

asthoseusedinTripDistribution. 

Inordertoinqrovetheloadi.q,severalpammtem aEUS?dto~the 

prooess. ?hef~setofparametersw~lsthernrmberof~i~~~will 

beloadedfrmazoneatonetixaz. Theusercanspecifythe maxinarm Illmber of 

i~ti~andtherrumberoftripstobel~inagiveniteratian. Tk- 

- 

- 

- 

- 

- 

- 

- 
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FIGURE 13 

SPEED/CONGESTION CURVES 
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for DAILY and PEAK-HOUR ASSIGNMENT MODELS 
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0 02s 0.6 0.76 

VOLUME TO ~APACI~~~RATIO 
1.5 1.76 2 

- FREEMY CURVE + NON-FREEWY CURVE I 
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valuesare cmrently set at three iterations arxl'lO,OOO trips per iteration, 

lxspatively. 

iterati~,thetripsaredividedbythernmrberperiterationandrrxlndedtOthe 

nexthighestintegerlessthanorequaltothe maximumnumberofiterations. 

Thetsipsoneach~~earedividedintoequalpartsw~~tothe 

resul~rnrmberofiterations.Onepartisloaded,arrlthe~is 

storedforlateruse. Afterallzoneshave~partiallyloadedonce,the 

tripsstoredinthetexnporaqfileareprmessed intheodertheywere 

stored. ~etrips~iningafterthe~~passarestoredforathird 

pass- -Ihepmcesscontinuesuntilthe maximumnumberofiterationsisreached 

orallofthetrips areassigned. It should be noted that origins with mre 

tripsthanthe rnaximummrmberofiterationstimesthetripsperiterationwill 

beloadedingmupslargerthanthespecifiedtripsperiteration. Inother 

words, the nraxirmrmrnrmberofiteratianswillaverridethetsipsperiteration 

whenwnflictsarise. 

meeffectoftheabavetechniqueistoloadsnallerincrementsoflargertrip 

inter&angesinanatte@toavoidtheinpactsofloadhgalargeramrberof 

tripswithanall-or-nothingpath. Thf2techniquegivesallzonesan 

~~~toassign~tripsbeforecriticallir3rsarecnrerloaded. ?he 

onlywaythiswillhappenisiftlaelirikimpedanoesarealso~~ina 

timelyway. 

-. 
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beforeupdatingthelink~ . Tbtal.rnmberoftripsloadedbefore 

~~linkimpedanoesfor~~~unoangested~~r~arr!presently 

defined as 20,000 and 100,000 trips, respectively. The other paramhx is the 

criticalvolumz-b-capaci~ratiowhichdefines aqestion (setat0.8). The 

totaltripsloadedfmnea~zoneareamulated. Ifthenextzonetobeloaded 

wouldplshthetoMuverthe~bcmd,thelinkiqxhcesareupdated 

beforethatm isprocessed. Asthespeedsarebeingcalculated,the 

volume-to-capacityratiois~~thecritical~~~parameter. 

Ifthevalueisgreaterthanorequaltotheparameter, thecapacityofthat 

linkisaddedto~tatal.~tatal~cityin~~~tionsis 

dividedbythetotalcapacityofalllinks. Thisratioisthepmportionof 

Wecapacityincongestsdcmditions. Itisrmltipliedtimesthedifferencein 

the~~lckJier~togivethE!~oftrjpstheupperbaundwillbe 

xeducedbyforthenextsetofloadiqs. Inotherwoxds,asthenetwork 

becanesrmmaxqested,thetrip6assign&betweenea& successive link 

updating- franthe~bCXndtUWaEdthglUWWboUI& 

Whenallparametersarecons~,theincrclmentdLloadingineachiteration 

andthetotalnumberoftripsloadedbeWeen updatescanpmvideadequate 

controluverthe all-or-x-k&hbqpath-cuildirgI#ooesst0 a&ievetheopti.mal 

accuracyforanygivenapplication. %hetrade-offiscJ7viouslyinamputer 

~,beoause~~~~isthe~~i~~ti~inanynrodeling 

pmcess. Forr~~zcneofeachi~ti~,afullsetofpathsrnustbe~~ 

In~ti~,ifthe~~criteriaaresoti~thattheincreznerrtofa 

particularzoneisgreaterthan~upda~total,~ ~willbuildas 

manyfullsetsofpathscmupdabEd~ asisrEquhdto1oadthatone 

20rEin~lessthantheupdatingcribria. Itisfeasibleto 

r 124 



- 

w~afullsetofpathsfrrmnoneoriginseveraltinreswithineach 

iteratim. Therearesi~ti~wherethis~dbedesirable,~icularly 

whenalarsezol~estructureisloadedtoadetailed~~rk,3xrtthecostof 

pmcessiq a large number of zones at this level of detail may be prohibitive. 

abeusershcrulaUlinkof~eparametersasoantroll~themmrberofpathsto 

beassigned. Sincethenmberofapproachlinksdonotchaqe,areasoMble 

tsadeoffshaildbe~be~~actualrnrmberofzonesselectedforthe 

stUyaxxIthenu&erofpathsrequimdinassigmmxttoprcducethedesired 

3xsul.t. E%periencesuggeststhat~zone stmcbreshouldbedetailed~ 

toprwide~+passignment~~wfientwiceasIMnypathsaszanesare 

loaded. Thn3eiterationswithupperbmmAu@atirqcriteriaequalto 

appmxirnatelytentimesthetripsperincmmmtseemtoprottucead~~ 

Aftertheassignmmtstep,thepc6t-prmess irrsprogram NEmuMisnm. NEXSUM 

cmlvertsthe one-wayfileintoatm-wayfilearvlcalculatestheaveragefinal 

~us~asimilardelayequatiantothatusedin~AssignmentModel. The 

A, B, anfi C p==tt- varyslightlyinNEISUMaxnpamdtothc5eusedinthe 

volum+elayequationoftheFbadwayAssignmntWdel. ThoseusedinNEEUM 

(Table41)arebasedontraditiomlvol~speedcuxves, whi.letheassignm2nt 

~arenrodifiedtovaliQtetheestimatedtrafficvolumesagainst~ 

actual traffic camts. 
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High-Capacity Lw-Capacity 
Facilities Facilities 

A 
B 
C 

0.015 0.05 
4.0 4.0 
5.0 10.0 

NEISUMusesancbsemedthe-of4ayf2isbbdon forpeak period,off-peak 

period,~ni~~volumesby~~classandareatype.speedsfor 

ea&oftheseperiodsamcalmlabd. TheweightedaveragedailyspeeSor 

uptionally~peak-periodspeedand volmea1~po6tedoneachlink. 

Optianally,NE;TSUMcanalsomnrevehiclemilesoft;ravelframa~~~linksto 

mtworklinks.Theagpmachlinklengthsarerxduced bytwo-Sortothe 

mi.nhmspecifiedby#euser (ammtl y set at 0.4 miles), ticbever is 

greates. -length remvedtimsUxevolumf3isthevehiclemilesoftravelto 

beredistrikxtedosnthe~klinksinthezanesassociatedwitheitherend 

OftdIeapproachlink. V&iclemilesaredistributedammgthenetworklinks 
. ~to~cenrterlinemilesofcapacityanlinksinaparticularzone. 

Fmf3iqsadraqsaree3dudedfmnthecapacitycalaOation.Thepmces& 

will~alter~zqnescutwill~~vehiclemileswitharterialsin 

largezones. IhebeforeaIdafter --ofaveragespeed#-, 

andvolunle@urE?atypeandmnctionalclasswillshrrwhuwandwherethe 

volutwshavebetmmx3ified. melmdifiedvol~andspeedsarepostedonan 

additionaltwo-waylinkfilefarfurtherpmcessi.~~~. 
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mJvAssisweplt 

~~previcrusly,carpoolingdenrarrlis~~inthehclme-basedwork 

ModeChoiceMa3el. 2Wloughcarpoolsarefonnedev~intheabsenceofm 

facilities,theypruvide, as incentives,traveltimsavingstoproanote 

aM.itional mrpoolingactivities. 

Intheabsenceof IKJVlanes, allvehicletri~, regardless ofomupanq, are 

assignedcentOthemixed-~crwroacfwaynetwOrkus~theopacii~w~~t 

assignmentmdel. WithHYVlanesinplace,a~ assignmenttechniqueis 

eznplayed. 

- 

- 

- 

- 

- 

First,usingtheall-or-nothingassi~~~,tripslikelytOuseH(xI 
. facilitiesare1oadedontothenetwmk. Dqed3-q ontheww 

. mqummmt for W use of HOV facilities, 78 perCent of work trip6 with b?o or - 

mre~,or84percentofw~rktripswithan~ of three or more 

pemonsare~selectedforassigrmmttotheHOVnetwork. Thesefiguresa~ 
. ~franthe1984~~i~surVeyandrefl~thepedk-period 

distributionofworktrip6byoaxpanq. Nommrktrip6arenotloadedonbthe 

HOVnetworksirnetheyare, forthemostpart, off~trip6withshortertrip 

lengths* ~~i~arenotl~ytotakean~facility~~aperates 

~~~pedkperiod~yandhasana~rampspac~oftbreemiles. 

Feak-periodfinalspeedsareposted~themixred-nowportianoftheroactway 

networktorepresent theccuqestionexp5emedbyH3Vusers inxeachingthose 

facilities. Ihereafter,maxinmallmablespedsaxeusedonEDVlanes. 
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lanesareremv~fromthemtworkpriortothisexercise. Volumes are added 

to~preloadedvolumesfromthe)glVassigrmnentstepwfierea~~cable. 

2he pmcedure was validated to Dallas-Ebrt w0ti8s ahsewed 2+ ard 3+ 

caqoolirq data for 1986. Afinalreasombility&eckofthe~mcdelwas 

madebyaznpar~~resultstotheabserved vdm3softheK&yHOVfacility 

hHU.lSbl. 
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Lr#ding the transit trip table ant0 W transit xtmrk is a considerably 

diffelmlt processthanRoadwayAssignmerrt. Tobeginwith, nocapacity 
. axstmmtorpath-builwmodelsare involved. Transittripsan3loadedonto 

thefa;lrpathsdefinedbythetransitpath-krilderforsnoatherresults. 

l Nonwork 

l Nommrk 

-f-mv-Prooessar 

Af&rtransittripassignmnt,thetime-of4aypast -P--sing-que 

cqutestatdlpeak~off-peakvolumesmeachlinkbyreallocatingthe 

loadingsacco~,totheakserved n3#mhde~onoftransittripsby 

purposeandaccessxmde. Fbrpeakeips,thep?mmedm firstdle&swhether 

thetramitlinkexistsintheoff-peak. Ifitdoeqthepmcedure allocatesa 

portion of the HBV transit trip6 to the off-peak. Similarly, for mnwork 

e,- pmcedum&ecksforthelinkinthepeak~rkandallocatesa 

po&ionofthenmworkvolunmtothepeakifthelinke.xisW. Tbeallocation 

factors m summarized in Table 42. 

t I 

r 
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TABIE 42 

DmmOF'TRANsITTRIps By TIME-OF-DAY 
(=, w, =I 

71.75% 28.25% 
49.25% 50.75% 
54.44% 45.56% 

I I 

87.72% 12.28% 
60.66% 39.34% 
74.12% 25.88% 

OanbiXilXJ~HNWandNHBtI-ippuposes into one sirgle vbonwork11 category 

YiddS the follawing distrihltion applied to 24-hair assigned trips (Table 43): 

TYiBLE 43 

DIXRIKECON OFTRANSITTRIFSBYTIME-OF-DAY 
(Workvs. Nonwork) 

WiUCACOi?SS AutoAccess 
Off-Peak Off-Feak 

Work 71.75% 28.25% 87.72% 12.28% 
Nonwork 51.42% 48.58% 69.82% 30.18% 

Thesefacbz5assume a fie paak period (6:30 a.m. - 9 a.m. and 4 p.m. - 

6:30 p.m.). 

Theadn&ageofthispznaadDx isthatitensuizs thatalltransittrips are 

loaded onto the transit network. ~Analternativeapp~chwuuldbetosplit 

transittr@by~f-daybeforeassignment. ~,#atapproachmay 
. reallocatetripstoatimeperiodinbhichthew~ transitlinkdoes 

- 

- 

- 

- 
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nkexi.st. ~peak-periodworktrips, forexanple,useexp~busesthtdo 

notoperateintheoff-peak. Iheaboveprocellure avoids thisdifficultyby 

cbCkilqthealready-loadednetwo~todeterminethe possibilityof 

mallocaticmoflxips~ pe.riodsandreallocatingonlybhemitis 

possible. 
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MULTIMODAL TRANSPORTATION ANALYSIS PROCESS (MTAP) 

I UFRMTR I -J&XX. \ / , PJdXXX * I 
UFRMTR 

(TRIP LENOTH 
IwrH 

FREQUENCY 
DlSTRlbUTION~ 

1 I 20181 1 (SEE THE TRANIIT 
FLOWCHART FOR 

DETAILS) l- 
TJ3 

OP.LlO AJI)J(XX 

I 1 

NETSUM 
FL” I \ ‘jE 

MDDlF!ED LDO- b 

SCRNLlNE 1+-l 

COUNT8 - 

l PEAK & OFF-PEAK RUN8 REQUIRED: 
Uoo (ho moak notrork for HDW rrno and lho olt-wak notwork 
for HNW on4 NHB mna l . well l m tho aally mkamont. 



HDLTIUODAL TRANSPORTATION ANALYSIS PROCESS: 

T%E TNANSIT MODEL 
! ‘ 

r * 
P 
c 

PJ5lfllyx t 
NJ2 

WAULPK, W&LOP. OUVC.PK:. 0RIvL.W) 

rs.-ru -____- 

‘nLTl2 

I 

CL. .a* 

wALK.?Ko 

I 

PGTl2 

I 

tDRIVK.PKO 

I 

a?.s12 IW .-_-_ -_-_, 

wALK.PK.Y1 0A.?lLTJ1 ULK.D?.TJl 
I I 

DII.G:%i 1 

’ ‘+, ,- m3n1(#&-.~~20 7.0"1T" ~OPiE.T20 WW.WALK< WW.WU.K.T20 lIW.ORIUW.TZ2 HBU.DkIYL.TIO 
\ 

noZ:lWS PdT20 OP.-T20 OULi.T20 



MULTIMODAL TRANSPORTATION ANALYSIS PROCESS: 
THE HOV MODEL 

MTN CARDS 
(HOV NODES) MTL CARDS 

4 A STNAM 

t 
MTN 

t 
MTL 

I I 

NODEMOD 

NlO 

HOI 

r HOV.;K.LlO DELHOVlO 
I US: DEL HO” L RAYPs I 

HOV.PK.Lll 

+ 
. 

, 7 

HOV.P;<.HJI ) TREBLD 1 

1 HOVTMFIX FIXE$PK.HJS 
I I / 

f 
FiXED.HOV.PK.HJ3 

/ 

PJlHBWX 
(FOR MODE CHOICE USE ONLY) X.1 3.. 

,e 

PKPRSPD.MODiFIED.LPO- 

TABLE l*HOV 
TABLE P*MiXED 

BRKSPD.HOV.PKPR.Lll 

NOTE: The HOV modoi tr applied to the work trip8 only. 
Thur. ihr chart doer not rollact the flow 01 the nonwork 
trlpr. Furthermore, the Trip Dirtrlbutlon Model IO not 
affected by HOV travel time rkims. 


