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2YNOWH

H St8axtopnn Sty Sepevva xat amotipd 11 wetaBoin ot ye1Non pécwyv otabepnc
TEOYIAG WG ATOTEAEOPA SAMOTRY 0TY AettovEyiag toug. H Stepedvnomn avty napovotalet
onpovnd evdtagpépov oot o Xvotuata Metpo anotelovy tov 1o1d xabe petopoEnon
OLOTYUXTOG ACTIXWY CLYHOVWVIWY %ot xxbe Sloauomy a1 AettovEyio TOLG 1| OOl LTOEEL Var
TEOUOTITEL aTO OLAPOQOLG TUEAYOVTEG EVOEYETAL VX ETVQEXTEL GYHUAVIING EXATOUULOL
emfBateg addd nat ) Lwn oty mOAN. Tlapd 10 mEoyavég evdlagpepov otV anotipnem g
EMNTWONG TwY SLaxOT®Y AetTovEylag Twv dutbwv Metpd, 10 Oépa Sev éyet Stepevvnbel oy
dtebvn BiBAtoypayio enapnwg, mboavov Aoyw ™) duonoAlag 6T GLAAOYY OTOLYElWY XAl TV
ouvbetn povielomoinoy tov ovopevoy. Lo ™V avdAven Tov Yavouévou GLAAEY Oy
OTOUYELX TTOL APOPOLY GTOLG EVAAAAXTINOLG TOOTIOLG KETAKIVY|ONG YONOTWY XATX T7] SLXOHELX
dtaxonng oty Aettoveyla yu 3 natryopleg petontvodpevewy. Ot yonoteg ywolotnray oe 3
NUTNYOQLEC: &) YOTOTES TOL TXEEUEVAY GTO OinTtvo Metpd nata 171 Stanony, B) xeNoTeg oL
vtobétnoay evadlhontind péoo uxta TN OtdEUELX TNG OLAXOTNG %ol TEAOG Y) YOYNOTEG TOL
vtofETMooY UATOLO EVUARIUTIHO PECO UATE TV SLXOUELX TNG OLUUOTNG, XAAX GUVEYLOAY Aot
UETE TNV ATOUXTAOTACY, TNG AELTOvEYylag Tou Owtdov Metpo. Aepevvatar 1 enidpaoy
YAQOATYOLOTINWY  UETAUIVIONG, YAQAUTNOLOTIMOV  TaEOlOD Mol XOLVWVIXO-OLUOVOUINDY
YAQOATYOLOTIUWY GTY) GUUTEQLPOQE TWY HUETAAIVOLUEVOV UXTA TY] SLAOMELX LG OLXXOTHG
Aettovpyiag Metpo, YOVOLLOTOUWVTAG OTOXTYYIMEG XTOXUADTTOUEVNG UL OEONAWMUEVNQ
TEOTLIYNGYS YL TNV AVEALGY] TWV TEOTLUNCEWY TwV Yenotwy. H avdivorn twv otoryeiwy éytve
ne povtéda Multinomial Logit, Multinomial Probit, Heteroskedastic Extreme Value not
TEOEnLYAY Ol GYUAVTIXOTEQES UETABANTES ETLEEOYG oL emdpoLy Oetnd 7] apvnTnd oty
YOO EVOC HETXPOQMOL UECOL OE TEQITTWOELS OLXXOTWY OTY AELTOLEYIX TwY SMTLEV
Metpd, yroe nabe xatnyopin yonotwv xat yo xdbe uebodo oviioyng epwuatoloyiwy Tov
yonotponomnOnue. Avapeoa ot udot {nmmpotae mov avokbOnuay etvat 1 cuvSvaoTIY
XVIALCY] GTOLYELWY OEONAWUEVNC %Al XTOUXALTITOUEVNG TQEOTIUNONG HE TNV OVATTLEY
poviehwv  Nested Logit mpoxetpuévov va  evioyvboby ot 8do mnyéc  oToryeiwv.
[Tpoodropiotray ot ehaotinotieg yo nabe eminedo efunnEetong twv petaAntwy mov
TIEQLYQAPOLY T EVUAAUNTING UECK WUETAPOQAS OTO TElQAPX TNG OSONAWMUEVNG %aTd TN
Sepnetor pag Staxonng oe évo Sixtvo Metpo. ATO T ATOTEAEOPATH TNG EQELVOG
XTOSEWUVDETAL OTL TA YXQUUTYQLOTIUX TOL HUETAXIVODUEVOD QAIVETHL VX EYOLY UEYXALTEQ
EMEQOY] OTNV EMAOYY| WUECOL OTNV TEQITTWOY] SLUXOTWV AELTOLEYIXG, O GYECY| HE TX
yoreantmetotnd touv taédtod. Avtd vTodetnvdeL OTL 7] eMAOYY] HEcoL oe Extanteg auvinxeg
Aettovpylog oyetiletar TeELocOTEQO pe oTabeEEC THQAUETEOLG OTWG TA  XOLVWVLXO-
OLMOVORINGY YUQANTYQIOTING XX WE TV YEVIUOTEQY] WYEAElX TOL amodidel 1 yENor uaxbe
HETaOEMOL péoov. Avapeow otg petaAntés mou efetactnray not  Beebnuoav  va
ennedlovy TNV ETAOYYN KUECOL XATA TY] SLXOHUELX TETOLWY SLAUOTWY CLUTEQLAXUBAVOVTAL TO
nootog 1édov, o aptbuog twv petemBiBaocwy, 1 ovvnbewx, 7 Swbecipotnia IL.X., o
O%OTIOG TN UETAUIVNONG, 7 cveléla 0TO wEAELO epYaoiag naubwg xal 0 yEOVOS petaniviong
TV not 1ot 11 StdExeta g dtaxonng. TeAlog, o moplopata ¢ StatELRNG UTOEOLY Vo
Bonbnoovv toug appdStoug popeic Tomung Avtodioinnong xatl Toug AEUOBLOLE YOEELS oe
Ogpotar AettovEyiog AoTGY GLYXOVWILRY, KOTE VX EPAOUOCOLY TOMTIMES GTQATNYUNG
npowbovtag ™ yonon twv MMM, ¢ Suvapinng cuvodynong ot g TNAE-EQYXCIAG Kot
Vo LTOUATAGTNOOVY 00K TIC peTaopinég vrnEeoieg Tov MeTEd amod eniyeta péow, YWELS Vo
ennpealovv ™ Lwr TNV TOAY.



ABSTRACT

“Development of Methods for Estimating Demand Changes
in Utban Transport Systems due to Changes in Network Characteristics”

Anastasia M. Pnevmatikou
Supervisor: Matthew G. Karlaftis, Associate Professor

ABSTRACT

This dissertation explores the altered travel patterns as a result of disruptions in
operation of Metro (Subway) Systems. This analysis is of particular interest as Metro
Systems are the backbone of every urban network and every disruption in their operation
as a result of various factors may significantly affect millions of travellers as well as the
life in the city. Despite the obvious interest of analysing the impacts of the disruptions in
operation of Metro Systems, this phenomenon has not been investigated enough in
international bibliography, probably because of the difficulty in data collection and the
complicated modelling of this phenomenon. For this analysis travel data was collected
related to the various alternative ways of travel for three categories of travelers: a)
travelers who remain on the partly disrupted network during the disruption, b) travelers
who during closure shift to alternative modes, and return to the Metro system after the
line’s restoration, and c) travelers who adopt an alternative mode even after the line’s
restoration. For this analysis we use Revealed Preference (RP) and Stated Preference (SP)
techniques to explore the importance of trip and traveler characteristics and socio-
demographic characteristics on travel patterns during a Metro closure. The analysis of
this data was based on Multinomial Logit, Multinomial Probit and Heteroskedastic
Extreme Value and resulted in the most significant parameters that affect positively or
negatively the choice of mode in case of disruptions in Subway network, for each traveler
category and for each data collection method used. The main themes addressed include a
joint analysis of Revealed and Stated Preference data in the context of hierarchical
designs (Nested Logit) so as to strengthen both data sources. Elasticities of various level-
of-service variables associated to the travelling modes in the SP choice during a Metro
disruption were determined for each alternative mode. Elasticities for each level-of-
service variable and for each alternative mode during a hypothetical Subway closure were
developed in the Stated Preference experiment. Results indicated that characteristics of
the traveler who were making the choice in emergency situations tended to be more
significant predictors of travel mode choice than the characteristics of the trips
themselves. This indicates that people’s travel mode choices may be driven largely by
fixed attributes that revolve around demographics rather than the consideration of
benefits of the different modes of travel. Among the variables tested and found to
significantly affect choice of mode during Subway closures are travel cost, transfer
inconvenience, income, age, habit, car availability, working schedule flexibility, travel time
before and during the closure, are among the variables that influence travelers’ mode
choice decision during Metro disruptions. The results of this dissertation can be used to
assess transport planners and policy makers to adapt and implement integrated policies
promoting public transport, carpooling, walking, cycling, and teleworking and aasist them
in effectively planning future closures without disrupting the life in the city.
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EKTETAMENH EAAHNIKH ITEPIAHWH

EIZATQT'H

H paydaioe avantu€n twv cuyroveviaxmy STy oTig oLYYQEOVES UEYXAOLTOAELS EXUNVE
TAEOV GLUVWVLIY] TNV OPaAY] AELTOLEYIX TG TOANG HE TNV OUXAY] AELTOvEYld TOL SILTLOL
LTOSOPMY TVG KA TWV HETAPOOIXWY UECWY TOL XtvoLVTAL péoa oe auTo. 'Bva dintvo Metpd
anoterel oLVNOWS TOV XOPUO O EVoL UETAPOEIUO GUOTNUX XOTIUOV GLYXOWWVILY, Xabng
TEOGCWEEEL LYNAOL EMTMESOL PETXPOPIMEG LTYEECleG OTOLG EemPBATEG. X TEQLMTWOELS
SLOAELTOLEYIAG TWV CLOTNUATWY MeTEO, OTWG Yl TXEADELYPA GE TEQITTWOELS ATEQYLNG TOL
TEOCWTIXOY, EQYWY GLVTYENGYS TOL dTLOL 1] avaBabutong Tov dutbov oNPATOSOTNOYC 1)
oaxOpa uat S€XUTING OUEULWY MALOWUWY  PALVOUEVWV %ol SLUUOTIOV  MAEXTEOOOTNONG, 1
UETAPOQLUY] %Al GLYXOWVWYLAXT] OLXGOVOETY] TWY TEQLOYWY EXTOG UEVTOOL XL TOL UEVTQOL TNG
noang wobiotatoar dvoyepne. Ilpdopata mapadeiypata Stanomwyv AettovEylag TOv StLTLOL
Metpo yioo Adyoug ovvtienong touv dtbov amotehoby 1o Meted tov Aovdivov, g

Moadpitng xot g AByvacg.

Ot emntoosle pag TOA®EYNG 1 TOADUNYNG Staxomng Tou Sixtbov Metpd wbobv toug
emPatec oe cLEECY EVOXAAUMTINNG OlOQOUNG 7] HECOL, HE KUECEG OULVETEIEG TNV
nabuotepnpévn apén 6Tov TEOOEIOUO, TO ALENUEVO HOGTOG UETAUIVICEWY, TNV TAQATAOY)
TOL YEOVOL UETANIVYOG, TNV aVaBOAT ] AUOUY UL TNV AxbEWGY] SEACTNELOTNTWY, KAl G
ex TOLTOL, T1] ONULOLEYIN XVXCPAASLAG XL GYYOLC. e TEQINTWGY] MG EVOEYOUEVNC
SLnOTNG AELTOLEYING TUNUATOG TNG YOAUUYS Tov Metpo, optopévorl emPBateg avapeveTtot vo
Topapelvouy 6to cLotpa tov Metpo, mapd Tig evdeyoueves nxbuvotepnoelgc mov Oa
XVTLLETWTLOOLY, VG XAAOL EVOEYETAL VO XV THCOLY EVAAMIXTIHOLG TEOTOLG UETAKIVYONG
1ot 11 OtdExetr NG SLAXOTNG, VO AVOYXAGTOLY VO TQOTOTOLGOLY 1] VO AXLEWCOLY
TOOYQXUUUXTIOPEVES BOAOTNOLOTNTEG. XE TEQLTTWOELS UAUQOYQOVING OLUMOTNG AELTOLEYING
TOL GLOTNUXTOG, UTTOQEEL Vo TEXTNENOEL TTWOY TV SETWY AELTOVEYIAG TOL CGLOTHIATOS
Metpd ot g IAVOTOINGNG TWV XENOTWY Xt Uelwoy] ¢ emPBaTnng ®ivnong Tov ev AOyw

popea. O ulvdLVOG LTEPYOPTWGYG TOL LTOAOLTOL BKTLOV, oV Oev LTAEEEL AATUAANAOG

Im
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TOOYQUUUXTIOROG UXL GLUVTOVIOPOG nvoewy elvat vropntos. H avdAivon touv gavouévou
avtoL pmopetl va Bontnoer toug Opyaviopovs Tomnng Avtodoinnong xabog xat toug
apuOdtoug Yopeic oe Bepata Aettovpyiag AGTH®MY ZLYHOVWVLGY, VO EPROIOCOLY TUAOTINEG
otpanymes mpowbnong g yonone twv Méowv Malmne Metagpopds war  va
LTOXATAGTNOOLY 0p0& TIC UeTaoEIEg LTMEeoieg Tov péoov otabepre TEOYIAG ATO

ETLPUVELIAT PETX.

H pelét tov govopévou Staxonng Aettoveylag cvotnpatwy Metpd éyet amaoyoinoet
TOAAOULG EQELVNTEG T TEAELTALX YOOI, LOLXITEQX OE O,TL APOOX TIC CUVETELEG TTOL EYEL GTO
00wd SO ual TG TOMTIXES Olaryelplong extoaxtwy ouvnuev Aettovpyiag ot péow
otabepne tooytac. Hdn n ovlnmon éyet avoilel wg TEOG 11 ONUACLX TNG AVIADGNS TNG
CLUTIEQLPOQAG TWY UETAAIVOLUEVWY, OE TEQLTTWOELS SLGAELITOLEYING TWV CLOTNUATWY MeTEO

7 yevinotepa twv Méowv Xtabepne Tooytde.

Qo1600, 1 épevva oe avTd 1O Tedio Poloxetar oe e€eMén uon Sev eyet nataAniel oe AGPOAN
ovpmepaopata. Ot péyot TwEa avaADoELG OV EQIVEDOLY  T1 GLUTEQUPOQR TWY TOAT®OV
Oty awTOl UXAOLVTAL Vo aELOAOYNOOLY SLUPOPETIUES UATACTHUOELS OGOV PO EMAOYES
EVAALOXTIUOL TPOTIOL UETAXiVNONG AOYw Stanomng Aettovpylag. I'ia to Adyo avuto, npiveton
XMXEALTYTY] 7] SLEEELVYOY] TOL YULIVOHUEVOL ALTOL XAl TYG AVTIOEACNS TWY YENOTWY 1] OOl

enNEeRLEL GNUAVTING TNV OUOAY] AELTOLEYIX TWV GOYYQOVWY UEYAAOLTOAEWY.
Z1oyot not Avtixeipevo

To avireipevo g Stdantopnng StatElBNG apopd o1r SleEebvnon ¢ KETaBOANS TG
CLUTIEQLPOQAC TWY HETAXLVOLUEV®Y, AOYW OLMOTNG AelTovpylag evog pécov otabepnc

TROY1&G 0TOV 0oTwd yweo. E&etaloviar tpetg (3) natnyopleg yonotwy Metpo:

1. O ypnoteg ov onoloy, xatd 17 Sdpneto ¢ SLAKOTHG THEAUEVOLY GTO BIXTLO
Metpd nat yENOLLOTOOLY Tar ASLTOLEYOLVTA TUNUXTA TNG YOXKUNG, €V Yo TO

TUYUO TTOL €YEL SLAKOTEL, ETUAEYOLY UATIOLO EVOXAAXNTING UETAPOQIUO UETO.

2. Ov ypnoteg ot omolot, xnatd T OSdprela MG SLXOTNG, TEOTLHOLY Vo
Y0Y|OLLOTIOL|COLY UATIOLO EVUXAAAKTING HETXPOQEIXO HECO Yl OO TO Taidl TOLg,
XAAG PLETA TNV ATOXATAGTACY] TG AELTOVEYING TG YOAUUNG ETULGTOEPOLY GTO SIUTLO

T00 MeTQO.

3. Kat téhog, ot ypnoteg nov utobetodyv 10 evalAaxnTind heco UETUPOQAS TOVG KoL [ET

TNV TV ATOUXTAGTACY] TwV aLVONUEY AetTovEYlag ¢ yoappune Metpo.

I12
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[Tio ovyrenprpéva, dtepevvatal 7] ENIBENGY YAQAKTNOLOTIMOV LETANIVIOTG, YAQUNTY|OLOTINWY
To€LOLOD UAL XOWVWYIXOOLLOVOUILDY YAQAXTYOLOTINWY GTY] GUUTEQUPOOX TWV PLETAULVODEVWY
noate T Spueto plag Staxonng Aettovpying Metpod, YONOLLOTOLWVTAG OTEXTNYIMES
anoxaivntopevnc (Revealed Preference) xat dednhowpévne (Stated Preference) npotipnong,

VLot TNV ATOTLUYO] TWY TEOTUNOEWY TWY YOYOTOV.

Zuvonttiny] Avaoxonnor, Ymayovous 'Egevvag Zystung pe Awxonég Asttovgyieg
Zvotpdtwy Meteo

Ot épevveg mov éyouvv mpaypatonofel UeypL ONUEQN OYETUA e OLUMOTES AELTOLEYING
oLoTNUATWY MeTEo, aPoEOLY XLEIWG O LTOUATAGTAGY] TWV LTYEECLWY GLOTYUATWY
otafepn|c TEOYLAC 08 TMEQIMTWOELS TOOYQXUUATIOUEVNG 7] U] OLOUOTNG %ol GE YEVIXOTEQ
XVIALOY] TNG OLUTEQLPOPAS Twv emBatwy oe tétoleg meptntwoels. [lopd ™V mAnbwoea
epeuvey oe Depator PEAETNG CLUTIEQLPOEASC TWV UETAUIVOLUEVWY O TEQLNTWOELS OLUUOTYG
Aettovpyiag  (my. g amotéhecpo amepyiag Twv cpyalopévwy ota Méoox Maliung
Metapopds, aTuyUATOC 08 Lo UEYRAY] YEPLEX, ELTE WG XTOTEAEOUX EXTANTWY GLUBAVTWY
010 08wmo Sivtwo (Zhu et al, 2010; Zhu and Levinson, 2011), ot emntwoeg and 1
SLanOTY AELTOLEYIAG PEQOLG 7] OANG TNG YOXUMUNG TOL SIXTOOL AOYW EQYACLWY CLYTYOYONG
oto dintwo dev éyet pehetnlel oe Babog. Or Zhu et al. (2010) vrootpeilovy Ot TAEOTL OL
OLOTEG AELTOLEYING O OCLOTNUXTA AOTIXOV CLYXOLVWVIOV UTOQEEL Vo OYelAovial oe
SLPOEETINEG XITIEC ML VX TOOUXAOLY OLXPOQETIUEG ETUNTWOELS OTY HETXOEnY| {NTnom,
®WOTOCO TEOLGLALOLY UePIES OROLOTNTES. T ATOTEAECUATA TWV OYETIMOY EQELVRV Edetéay
UETHED GAAWY EMEUTACY] TWV WOV ALYMUNG, KELWOT] TG HEONG TaYLTNTAG HIVYONG OTLG OBIUES
xpoeleg, avénuévoug ypovoug petaxivrong (Sermpis et al., 2007), peiwor tov uécov 6EOL
Ty OTNTaC nivnong Twv 1.X. oe oplopéveg Teployeg, evw abénom oe dAAeg, avénpévy ELTIAVGY
not HATVaAwoy] xawotpwy. [Tapd v Omoeén epmelpmng yvwong uat TV avoyratoTyTo
XVIAVONG TETOLWY QALVOUEVWYV, 1] OYETINY] €QELVX OTY] UETABOAY] TG CLUTEQLPOQEAS TWV
UETOAULVOOUEVWY, AOY® SLaxOTNG AELTovEylag evog péocov otabepyg TEOYIAS GTOV XOTHO
YWEO elval TEELOELOUEVY] o PO oo  OMUOCLELUEVWY  EQYACLWY TOL  XLELWG
VAPEQOVTAL O ATEQYIES TOL TEQUOUEVOL atwve. Evdewmtind avopeépovior moupamndtw, o

' ! 1 Al \J
ONUAVTIHOTEQX EVETUATA OQLOPEVWY & XVTGV.

O Bjornskau (1999) elye peletyoet Ti¢ eMTTOCEIS ATO ULt XTEQYIN OTX AeWPOQELX GE TOAELG
¢ NopBnylag 1 onoia Stjounoe 26 npépec. Zoppwva pe tov Bjornskau, xate m Sidpxneta
¢ ameEylag mOANOL petoxtvoduevor emédelay elte Vo €QYXOTOLY ATO TO OTUTL, €lTe Vo

Inmoovv adetr amd TNV epyaoiox TOLg, aAAX 1 yevinn TActodnpla TV eQyalOpEvwY
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petanvnOnuay mEOg ™V epyaoiag Toug pe uamolo evallantind teono. Emiong, ot Coindet
not Lapiere, (1998) perétnoov v amepyia twv Méowv Malng Metagopag ot Todhio
TOL SLNEUNOE TEPLTOL €V NV, LOUPWYA UE TNV EQELVX AVTY] NATXYEAPNMAY XLENGY TWY

yeovwy Stadpouns natx 70% (amd 31 ewg 52 Aentd).

Eéioov onpoavtiny eivat now 1 ovvetopopd twv van Exel and Rietvield (2001) ot peiét
TOL PULVOPEVOL TWY SLXXOTIWY AELTOVEYING WG ATOTEAEOUA ATEQYLWY TOL TEOCWTIUOL TWV
MMM mov éhafBav ywpx ™V mepiodo peta€d 1966 xar 2000, oe Evponn st Apepuny).
Baownod ebpnpa g epyasiag Toug eivat OTL Ol YENOTEC TOL YEYGLULOTOLOLY cuyva T MMM
not Oev SabETovy evalonTind Petapopnd pEco elvat auTol Tov ennEealovial TEQLECOTEQO
OTIC ATEQYIEG, EVR Ol ETUMTWOELS TNG ATEQYLAG GTYV ULUAOPOPLX TOMIAAOLY OE OYEOY| UE TV
Beon mov uatéyouvv T MMM oe ndfe ouyrowwVIIKO GLOTNPA, EVOVTL TWY GAAWY UECWY.
[Tpooyata, ov dor cvyypayeic (van Exel and Rietvield, 2009), npayuxtomoinocay pmix
ueto-ovaluon (meta-analysis) otoetlopevor oe dedopéva mov elyay ovAAeyel ota TAaioto
€pevvag ToL éyve amo Toug OAMavSoLg 2id1EOSEOUOLE TEWY KAl PETR ATO Wid XTEQYL
otov ebvind o181p08p0U0, TEOKELUEVOL Vo GLYXEIVOLY UL VO XVXADGOLY TIG TEOCOONWULEVES
N TIG TOXYRATINEG OVTIOQROELS HATA TY] OLAEXELX TNG ATEQYLXG. 2TV €V AOYW €QELVL 1ot
TIQOXELUEVOL VO GLOYETICOLY T1] YENOY] EVOAAXXTIZOD WUETUPOOILOL UECOL WUE AOLVWVIXO-
OLXOVOPIMA nxl ONUOYQXPUR YXEAUTNELOTIME TOL TANBuopob yonoipuonoincay ) pebodo
g TTohvwvoping Aoyotiune Iakvdpounone (Multinomial Logistic Regression). Ano
TNV aVALGY TEOEXLYE OTL EVX CNUAVTIO TOCOCTO TWV EQWTOHUEVWY EYUATEAELYE T
uetaxivnon tov (44%), eve 10 56% Twy cOWTOUEVWY TEAYUXTOTOOE T1 UETAXIVIOY] TOL
ue LX. 7 pe ndmoto ahko péco. To (32%) twv CLLUETEYOVTWY GTNV €QELVX SNAWOAY OTL
aveBoaday TIg SEUOTNELOTNTES TOLG Yo dmota dAAY pépa. Ta amoteléopata eniong edetéoy
OTL 7 MAi®, O GXOTOC TNG KETAXIVYONG, O TOTOC TOL ELGLTYELOL 7] UAETAG, TO UNHOG TNG
netaxivnong, nabmg ot 1 ovyvoTta pe v omola mEaypatomoteitat uabe petanivion
XTOTEAOLY  ONUAVTIHOLG  Topayovieg oty  mbavotta  anbpwong 1 oavaBoAng g

UETAXIVNONG X TA T7] SLAEUELA TG ATEQYIAG.

H povadun épevva oyetnn pe Stanomy Aettovpyiag o obotua Metpd wg amotédeopa
EQYXOLWY GLVTYENONG, KPOEX OTLG SLaXOTES AEtTovEylag oto dixtvo tov Metpd TOUL
Aovdivov (London Assembly Transport Committee, 2009). Ot petoautvodpevor dniwooy
Sraitepa Suoapeotnpévol pe Tig xabluatepnoetg xut Toug aL€UVOUEVOLS YEOVOLE SLBPOUNG

nabog nar g vmoBdbuong Twv maEeyouevwy vanEectwvy Touv Srtbov MetEd, evw
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XVOYAAOTIHAY VX AAVOWCOLY OQLOPEVES ETAALVY|OELS TOVG, AL VO VA BXAAOLY TG KOLVWVIXES

TOLG LTTOYEEWOELG UXOWS UL Vo PETAHOEGOLY TNV WEX AVAYWEYGYG TOLG.

Ao perétn g Sebvoide Bifhioypaypiog, mEogxude OTL ot Staxoméc AsttovEyiag oe
CLOTNPATH XOTUWY CLYXOWWVLOY (08w Sintvo 1 dintvo MetEod) mapovotdlovy xowva
YAQOATYQLOTING OE OTL XPOQEG OTNY AVTIOEAGY] TWY YONOTWY, EVTOLTOLS 7] GUUTIEQUPOQR TWY
UETOUIYVOLUEVWY EEXQTATAL ATIO PLOL GELOX TAEAYOVTWY OL OTOLOL TOWIALOLY AVAAOYX e TNV
attioe mov mpoudAece T Otoxomy. I mopddetypa, OTIC MEQITTWOES TOL 7] SlaMOTY|
AELTOLEYIOG TOL GLOTNPATOC METEO OYEIAETaL GE TOOUOXQATINY] EVEQYELX, Ol ETUTTWOELS TNG
SLOTNG OTNY ETUAOYY| EVHAAAXTINOD UETAPOOIXOL HEGOL OV Vo EYEl TEQLGGOTEQO U]
avaoTeePtpno yapantroa eéuttiag Tov Yolouv xat g avaopaietag mov Ou eiye moorinbet
otoug yenotes. Avtibétwe, po olyower Staxomy) AetTovEyiag AOYw OTAOYG EQYXCING TGV
epyalopevwv ot MMM etvan mbovd var mponahéoet pio TEOGWELYVY| Kelwa?] 6TNV emtBorTiny
%ivnom ToL ev Aoyw popéa. TToAAES YoEES Opwe, ot cuyva emavakapBavopeveg OAMYOWEES 7]
OMYOYUEQES BLANOTIEG AELTOLEYING, EVOEYETAL Var EYOLY TO (5l0 amoTéAeopa 0Ty {NTNom pe
TOAMOUYVEG OLAXOTEG AELTOLEYING XL EVOEYETAL Vo 0O1yNOOLY panpoTEobecoua oe UOVLEG

uetaBoréc ot (o, eéoutiog ¢ SLOXEEOHELXRG TOL ETULBATIXOD XOWVOL GYETIUX HE TO

TPOGYEQOUEVO €QYO.
MEG®OAOAOTITA
X0AA0Y1 AEOOREVOV NECH EPEVVAV AEINAMUEVIIC KOL ATOKOAVTTONEVIG

Tt Tov mPOGBLOPLEPO TV TUEAUETEWY TOL ETYEEALOLY TNV EMMAOYY] TWV UETAAIVOLUEVWY
oe TEePINTwo?] SLaxomyg AstTovpylag evog péoov otabepng tpoylag yonotpuomombnuay dvo
uebodor: o) 1 pebodog g amoraAvmtopevng mEotipnong xot B) n wébodog g
SedNhwuevng TEOTIUN oS xat To cuyxexptpéva 1 pebodog tov Tetpdpatog emhoyng (choice

experiment).

Mo v epoppoyn twv pebodwv avtwy, oyedidotnay UXTIAANAL  SLUPOQPWULEVX
epwuatoloy xat emAéyfnue éva aviimpoownevTnd Selypo 1oL TANOLOoMOL, Eve
npaypxtonoOnuay Sdo épevves. Baod onpeto g Stdantopinng dtxtplng anotéieoce o
oYEOLOUOC TV EQWTNUATOAOYIWY Xol UVELWG TOL EQWTNUATOAOYIOL T1G OeSNAWUEVNC

TEOTLYOYG, TOOUELUEVODL Var aVTANBOLY *UTd TO SLVATOY TEQPLOCOTEQES TATPOYOPIEC.

H mpot ggevva mov mpaypatonomdnue ot mhaloto ¢ aVGALONG ALTHG KPOEL OTY

SleehV|O” TG OCLUTEQLPOPAS TWV HUETAXUIVODUEVDY XATX T Oldpxeld ¢ Sunvng
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TunpeTeng Staxomng Asttoveying g Ioappng 1 tov Met@d g Abnvag ano Paingo
gwg Tadgo. H épeuva aut) Taypatono0nue TOOAELIEVOL Vo XATAYQUPEL 7] GLULTEQLPOQES

TOV LETAXIVOVUEVWY OE 2 TEQIMTWOELG:
o) ®AT& T7] SLAUOTY] AELTOLEYLNG, Hat
B) petd ™V amo%ATAGTAGY] AELTOLEYING TOL SILTLOV.

Eéetaotuayv povo ot xp10Teg OL OTOLOL PETR TYV TANQ?] ATOXATAOTHCY] TG AELTOLEYLAG TG
yooppung enéotpeday 6to Sintvo Metpo. To epwTRATOAOYIO Ty YWELOUEVO Ge ODO HEQET,
UE TO TEWTO UEQOG VO AVAPEQETOL BTNV EMAOYY] EVAAAAXTINOD TOOTOL PETAKIVY|ONG UXTA T7]
Slapneta g SLMOTNG UL TO OEVTEQO VO XVAPEQETAL GTNV ETULAOYY| EVAAAAXTINOL TEOTOL

UETAUIVNONG, KETA TNV XTOXATAOTAGY] AELTOLEYLAG TOL SILTLOL.

To delypa mov cuAAéyOnne apopovoe pndvo yENoTES TOL YENGLUOTOLOLY cuyva T I'ooppun
1 tov Metpd nat nvplwg TOAMTEG TOL XATOMOLY 1AL UETAUIYOLVTXL €VTOG ToL NOopob
Atting. Ot petanivodpevol ol omolot SMAoay OTL avayxdoTXoY VO OUDEOCOLY TV
HeTOXIVNOY] TOLG naTa T7 StdExeta ™G Staxonng, eéatpébnuay and 10 Telnd Selypo. 217
ovveyeta, nmOnue amd TOLC EQWTWUEVOLG VO ATAVTNOOLY €AV XATH T7] OLXOUELL TNG
SLUUOTNG YOOLLOTIOLOUY Yot T UETAKIVGY] TOLG TO ev AettovEyla tunpa ¢ Iooppng 1
tou Metpo, mapa Tc Omoeg mbavéc onpavines xabvotepnoes. X1 cuvéyelr ot
OLULHETEYOVTEG OTNV eeuva ¥ANONUaY var SMAwoOLY TO BNUO TEOEAELONG XAl TEOOELGUOL
TOLG, TO GLVOLAOUO UECWV TIOL YEVOLLOTOOAY HATA TV SLXEUELX TNG OLUUOTNG, TNV WEX
VALY WENONG TOLG, TX XELTNELX Pe To OTolo EMEAEEAY TOV EVUARUUTIUO TOOTIO UETAXIVYON,
TO OLYVOMXO YQOVO TYG WUETAXIVNONG TOLC %ol TO €€Tpa XO0TOG TNG WETAXIVYONG TOLG

(ot&Buevon oe naEutvyxn, xOULGTEO Takl).

Ev ovveyela, 0to 8ed1e00 PéQOC TOL EQWTNPATOAOYIOL, {NNBnre anmd TOLE EPWTWUEVOLS Vo
neptyedouy v ISl PeTonivor] KETX TNV amoxatdotac?] Aettoveyiag ™g loapung 1. 2e
LT T0 6TASL0 GLAAEY MMy TANEOYOELEG OYETIMEG e TO UECO TEOGRAGTC %Al ATOYWEYONC
and toug otabpodg tov MetEd, 10 CLUVOAIXO YEOVO HETAXIVONG XL TO O%OTO TNG
petoaxivnone. To eQWTNUATOAOYIO 7Tay CGUVTIORO XAl AVOVLUO ETOL WOTE VO UTOQEL Vo
ovunAnowdel péox oe 1-2 Aentd péow TEOCWTINWY GLYEVTELEEWY TOL TEAYUXTOTOONHUXY
ot amofdbpeg 5 otabuwy ¢ I'ooppne 1 tov Metpd nat ovyxexptpéva otov Ietpad, oto
Mooyato, oy Koaddbéa, oto Dainpo xar oto Movaotneaxnt, tov lodvio touv 2010.
ZoAkexOnuay 1593 éynvpa not TANEWE GLUTANEWMEVY epwWTNRaTOAOY. Me Baon Tig

TEWTEG EUTELOMEG avaADOELS, TEoExLYe OTL 10 70% Twv epwtnpevey (1117) dnhwoay 6Tt 7
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Stouomy Aettovpylag ennpeaace ) petaxnivnor toug. Ot ouvevtevlelg mpaypatonomOnuay pe
oyt Serypatodndla, eve mEoceyyloTMay dTopo amd OAeg TG NAmtoxeg opadeg (>18

ETOV).

e ETOUEVO OTASLO, OLEQELVATAL 1] CLUTEQUPOEG OAWY TWY YENOTWY TOL OLTLOL TOL
ennpealovial 6TV TEPINTWOY oG OStanomng tov ovotnpatog Metpd. Kabot dev elvar
eDXOAO Vo eVTOTLOTOLY Ol YEYoTeq MeTpO, Ol OTOlOL PeTd TNV TANQEY] ATOUXTACTACY] TNG
yooppune Metpd Sev emotepouy mdvto 6T0 oLOTNP, TEAYRaToTOmOKE BeLTEQY EQELVY
HEOW HATIAANAA OYESIHOUEVOL EQWTNPATOAOYIOL Xt pe TN peBodo TG dednrmwpévng
TEOTIPNONG. XTO0Y0C TNc OebTepne épevvag Mty vo amotunwblel 1 mEobeon Twv
uetamvobpevwy va yonotpornomoouy LX) 1okl 7 hewpopeio oe pa vrobetiny Swuxon ™g
Aettovpyiog tTwv Méowv Xtabepng Tooytds. H épevva auty) Stepevva twv yenotev TOL
MeTpd Vo TEAYUATOTOOOLY LK TEOYQUUUXTIOUEYY] LETAKIVY|OY] TOLG, GE GLVOLACUO HE
TUEAUETOOLS OTWG O YEOVOC UETAIVIGNG EVIOC XL EUTOC OYYHUATOC, TO XOGTOG XL O
opfpoc twv  petemPiBaoewv. H o extiunon mg mpodbeong avtig eivar  amoxpaitny
npobmoblecn mpouetpévou vo oyedloTel €var GUOTNPA LTOXATACTRGYG AELTOLEYIAG TOL

dtbov MeTpo o8 MEQINTOGELS SLAUOTNG AELTOLEYIAG.

H épevva g dedniwpévng TpoTipnong meaypatonominmne ato yeovino dlaotnue Uetakd
27 NoepBpiov 2011 xar 27 Iavovapiov 2012. Xt0o Stdommpo oavtd  UxXTAYOUPYHOY
emavadopBavopeveg Stanomeg Asttovpylag otx Méox Malung Metapopdc, wg anotéreopa
amepyiog Twv epyalopévwy otg ovyrotvwviec. To epwtmuatoloyo avepbnre oto

SLadinTLO eV ATTOTEAELTO AT TECCEQX LEQEN):

I. 2Xt0 TEWTO WEQPOG Ol UETAAIVOLUEVOL MXAOLVTAY VO OTAVTYOOLY OE EQWTNOELG

OYETMEG e TNV TILO GLYVY] XL TUO OYUOVTIXY| LETAIVYCT] TOUG.

2. 210 8eLTeEo PEQEOGC XAAOLVTAV VO TOVTIOOLY OF EQWTHOELS OYETEC HE TNV
epmetpla Toug and Stanomég Aettovpyiag ot MET éwg now 10 npépeg motv ™V

NUEQX TG EQELVAG XL Vo TEQLYEAPOLY TNV AVTISEXGT] TOLG OTYV EXAOTOTE SLAUOTY).

3. X210 10110 pépog {nminre and Toug EPWTWUEVOLS Vo ETMAEEOLY TO PETAPOEO LECO
exeivo mov Oa eméleyav o evOeyYOpEVY] OLOUOTY] AELTOLEYING AL TO OTOLO
XVTITQOCWTELEL NAADTEQN TIG TEOCWTIEG TOLG TEOTIUNOELG, Me TNV vnobeon Ot
OQLOPEVA OO TH YUQOUTNOLOTIXG TNG HUETAMIVIGNG TOLG TEOMELTAL VO LTOGTOLY

OQLOpEVEG peTaBONEC.
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4. 'Téhog 01O TETHETO PEEOG TOL EQWTNUATOMOYIOL XUTAYEAPNUAY (TQOXLQETING) Ta
NOWVOVIXO-OIXOVOUING %Al ONUOYQUPIUR  YAQANTYOLOTINK TWY EOWTOUEVWY TOL

OLLUETELY ALY BTV EQELVAL.
ITeprypnepy netpapatog AsONAwpevng

Aedopévou 0Tt 1 eTAOYY] YENOYS EVOS PETAPOEWMOL eToL eivar éva ayald urn epmoevotyo,
TEoxelpéVoL va btohoytobel 1 aioe Tov Sivouy Ot HETANIYODUEVOL GTO YEOVO SLSPOUNG, GTO
1O0TOG UETAUIVIGYG, OTNY XOPAAELL TOL TEOGYEEeL uabe petapopd peco, avamnthyOnmray
uebodor wote 0 LTOAOYIGUOG Vo YiVEL e TOOTO EUIECO, GE TEQITTWOY] TOL OEV UTOQEEL Vo
vTohoytotel dpeoa. Avto emtuyyavetar pe ) pebodo g Aedniwpévng, omov 1 adla wabe
UECOL TEOXLTITEL EUPUEC, ATO TO TOGO TOL Ol (3Ll Ol HETAUIVOLPEVOL elvat Otatebetévor va

TIAY|OWGOLY, TEOXELUEVOL VL TO YOY|OLULOTOLY|GOLY.

H pébodog g Sednhwupévne mpotipnong eivar evpéwe Otadedopeévy] 010 YWEO TOL
URXOUETIVYH ML TWV UETAPOQWV, YEYOVOG TOL ATOOEMYLETXL EUTOEUXTX ATO TO HUEYHAO
minbog dnpooteboewy oe peyaka emotnpoving neplodind. Me ™) pébodo avty cuAAéyovTat
dedopeva, T Omolo UETE ATO MATIAANAY otatiotiny emeéepyacta, dLVATAL Voo 081y |cOLY
oty ovantuéy evog pabnpotinod poviéhov g avbpomvne ovpmeprpopas (Kroes and

Sheldon, 1980).

H yvwon g Stadwaciog Stapoppwong pio ETAOYNG, GAAG xaL 1 YVeor auTwy xxb’ avtov
TWV ETAOYWY UXL TOOTLUTCEWY TOL XOLVOL EIVUL TOWTXOYIMNG ONUACLUG OTO OYESIUOUO TV
UETAPOOWY, OIXITEQU O TEQLNTMOELS SLOAELTOLEYING TWV cLOTRATWY Metpo. To nbdoto
YAEAXTNELOTINO aLTWY Twy HebOSwv elvat OTL emTEENEL GTOV €EELYNTY] Vo DLEQEVLVY|GEL TNV
uetaBoln mov mbava vo emipepet atn INTNOY EVOC LETXPOELLOD UECOUL, Lo UETABOAY GTa
YAQANTNOLOTING AELTOLEYIXG TOL HETXPOEWMOL GLOTNUATOG. To Baocnd petovéntpa awNg
™e uebodov eivar Ot Baoiletar oe vmobetna oevaprx ut emopevwg o vrobetindg
YAQOATNQUG TG UTOEEL Vor SLPEQEL ATO T GLUUTEQLPOQA TOL [BLOL UETANLVOVILEVOL GE UL

TEOYUXTINY] ETUAOYY].

Brpata oyediuopod melpapatos Sednimwpsvng meotipnong - XoQoutnoioTHe TeV

ETAOYRV

Xy mopoLoo Epeuva nol TEOXELUEVOL va céxopaloblel OTL oL peTABANTOTNTES TwV
YAQAXTNOLOTIXDY YL THV TEQLYQXPY] TWV EVXALXATINWY ETUAOYWY elvat ave€dQTyTeg %ol Vo

amopevylel 7] CLUYYQUAUUIMOTNTA TWV YXQOXTYOOTIMWY EQuopooTine 7 pébodog tou
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opboywviov oyediaopold (orthogonal design). Meta€d twv meplooo1ep0 Stadedouevny
teyvineov Aedniwuévng Ipotipnong eivan 1 teyviuny e pebddov tov metpapatog StaxpLtyg
emhoy”e (Choice experiment method). Xe avtiv ™ uebodo, o epwtmpevog dSniwver uabe

(POEA T1V TEOTIUNGY] TOL GE [iot EVAAAXNTINT] LECK ATO UL OPADA TTAUETWY ETUAOYWV.

[Moe v wotaAANAY) eTAOYY] EXEIVOV TWV YOXQUUTYOLOTIXWY TOL TEQLYQRPOLY TLG EVOANXUTINES
emAOYES PeTanivnong Twv emBatwyv ot TERIMTWoY SLAxOTNG ActTovpylag, mEonyninxe
oavaoxdonnon ot Oebvy Bifloyoaypia. Ta yapontnotonxd xabog not to eninedo
SLUUDUAVENG TWV TLUOV TV YOXQUUTNELOTMWY hetaxivnorng xaboplotuay amd tov egeuvnt
ne t€tolo 10O, wote va elva ainBopavy xot vor avtiratonTEi{ovy TIC LTAEYOLOES TLUES

XY0QAS

To yopoxtnotoxd mov meEANYONray o1 SPOEPWoT] TV EVOANOATINGY TOUUETWV

emAoyYg elva T g€

= 2uvolndg yeovog Taétdtod eviog ToL OYNUKTOS (08 AETTA TNG W)

= Kootog petanivnong 10 onolo apoed GTO XVTITIO TOL ELGLTYELOL TOL AEWPOQEELOU,
070 AELTOLEYO nooToC petaxivnorng pe L.X xat oto nopotpo touv takl

= 2uvoAndg xeovog TaldLob EXTOG TOL OYNUATOS (08 ASTTA TNG WEAC) TOL XVIPEQETAL
0TO YPOVO OVAPOVYG OTY OTAOY TWV AEWPOQEiwv, GTOV YEOvo ebpeons Beong
otbpevong yo 1o LX., now ot0 ypovo mpocBaong (meln petanivron) oto
UETOPOOUO HETO.

= Yuvolndg aptbpog petentBiBacewy

To eminedo TLUOY TWV YAQAKTNOLOTIUMY TWV HETanVHoewy tapovotdloviat otov TTivoseo 1.

ITivaxag 1 Eminedo Stonbpavons twv TLUGOY TOV YUQOATNOOTHGY HETHED TWV EVUARATINGY
UETOUPOOIUWY PECWV OTNY TePInTwoY 24weng Stanomyg Asttovpyiag Tov Metpod

Merafintég Meraxivion pe Meraxivion pe I.X.  Metaxivion pe toki
Aewgopseio
Xpovog evtog oynuatog (Aentd) 25 15 10
40 30 25
50 40 35
Kootog petaniviong 1.20 3.00 3.00
(svow) 1.40 5.00 7.00
2.00 8.00 12.00
Xpovog extdg oy patog (Aemtd) 10 8 3
13 15 5
18 20 7
AptBpoc petemPiBdoewy 0 0 0
1 0 0
2 0 0
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Kaboptomuav tpolo Stapopeting emimedo Stoandpavong twv Ttpwy xdbe yoxpoautnototinod
ONULOLEYOVTAG HE QLTO TOV TEOTO OLUPOPETIMOLS GLVOLXGUOLE EVAAAANTIMGY UECWY
emAoYYC oe MePlnTwor Stanong Aettovpylag Tov Metpo. Enetdn o aptbpog twv vrtobetinwmy
oevaplwy Tov TEOoExLYAY amd TOV TANEWS Tapayovtonotuévo oyedtauopd (Full Factorial
Design) #tav moAbd  peydAog,  yonowpomowbnxe  n pébodog  tov  pepng
TLEAYOVTOTIOLYUEVOL OYESLXOUOL Pe TNy omolo mpoenvday 27 evadlloxtna vrobetind
oevadpto. X1 oLVEYEL, Tot 27 eVaANXTING TeEvaQLa YwEloTHay ot TRl Opddes/LTOGUVOAY
(blocks), mpoxetpévon var petwbel o aptBuog twv cevapliwy mov Bu xadovvtay vo amavTroet
nabe epwtopevog oe 9. O mivanag 2 mephapuPBaver 10 odvoko Twv oevapiwy (27)
EVOARUTIUWY  TOOTIWV  UETAXIVYONG OXV ATOTEAEOUA TOL GULVOAOL TWY  OLUPOQETIHWY
CLYOLUOPOY TV EMTESWY SLUXLUAVOYNG TWV TGV TWV YUQUUTNOLOTIMOY UeTalh Twv
emAOY®V, Storywplopévwy oe Teetg opades v ewéa (9) (Blocks 1,2,3).

ITivaxtag 2 Opddeg osvopiwv 6oy GTOTEAECUA TWYV OLUPOQETIHGY OLVOLACUMY TV ETUTEDWY
SLONLUAVONG TWY YAQAUTYNOLOTIUMY YL THY AVETUOAGTACY] TWV EVRAAINTINGY UECKV UETAXIVYONG

Aeswwopeio 1.X. Tuobi

INVIT FARE OVT TRA INVT COST OVT TIME FARE OVT

1 25 1.2 10 0 15 3 8 10 3 3

2 40 1.4 13 1 30 5 15 25 3 3

3 50 2 18 2 45 8 20 35 3 3
z 4 50 2 18 1 30 5 8 10 7 5
g 5 25 1.2 10 2 45 8 15 25 7 5
B 6 40 1.4 13 0 15 3 20 35 7 5
7 40 1.4 13 2 45 8 8 10 12 7

8 50 2 18 0 15 3 15 25 12 7

9 25 1.2 10 1 30 5 20 35 12 7
10 50 1.4 10 2 30 3 20 10 12 5
11 25 2 13 0 45 5 8 25 12 5
12 40 1.2 18 1 15 8 15 35 12 5
: 13 40 1.2 18 0 45 5 20 10 3 7
g 14 50 1.4 10 1 15 8 8 25 3 7
n 15 25 2 13 2 30 3 15 35 3 7
16 25 2 13 1 15 8 20 10 7 3
17 40 1.2 18 2 30 3 8 25 7 3
18 50 1.4 10 0 45 5 15 35 7 3
19 40 2 10 1 45 3 15 10 7 7
20 50 1.2 13 2 15 5 20 25 7 7
21 25 1.4 18 0 30 8 8 35 7 7
2 22 25 1.4 18 2 15 5 15 10 12 3
g 23 40 2 10 0 30 8 20 25 12 3
m 24 50 1.2 13 1 45 3 8 35 12 3
25 50 1.2 13 0 30 8 15 10 3 5
26 25 1.4 18 1 45 3 20 25 3 5
27 40 2 10 2 15 5 8 35 3 5
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H nopovoiaoy 1wy vnobetinwv oevoplwy ot TAIoI TOL TELRAUATOS EYLVE te T1v Topdbeon
NUTEAANAL SLALOQPWUEVDY HAOTWY, ®oTd T7] Stdpxetx ¢ epevvac. Aapfavoviag vrddn Ot
dwbeopomra IX., emnpealet 10 odvoro twv Srabéotpwv evalhoaxtinwy emAoywv oe
TeELNTWOY SLanomyg Asttovpylag, mopatebdnuay dvo Sapopetnol TOTOL TAXLGLWY, EVOG TOL
B apopd tovg petantvoduevoug mov Swbétovy LX. m evog mov Ba apopr Toug
L} ] ' U
petoxtvobpevoug mov Sev Stabétovy IX. Xty TepinTtwor TwV HETAXIVOLUEVWY TOL
drabetovy L.X. ot ouppetéyovieg noaAoLvtay vo emAE€ouy TNV TEOTLUYNGY] TOLG AVAUECH GE
toetg evadhantineg emhoyeg (I.X., taéi, Aewpopelo), evw o1y mepintwor mov dev Stébetav
nohovvTay Voo emAG€ouy TNV TEOTIUNGOY TOLG avapeoa oe dbo evalhantinég emhoyés (1.X,,

Tol).

Xuvodilovtag, mapovotdotinay ewwéa (9) vmobetna ocevapla oe xdbe epwtwuevo oTOV
aplpud  OTOLG EQWTOMUEVOLS HECW EEELVAG TOL avoETOnxe o100 SdinTLO  Uéow
IGTOGTEMB®OV UOYVWIIUYG SIUTOWOTG %L IGTOCEMOWY OYETIUWY E EVYIEQWTT] TOL EMBATINOD

novob ¢ AbYvag oyetnd pe ™ Aettovpyio twv MMM.

Axolovbug napovotdletar pio and TG ®AETEC TOL YENOLLOTONONUAY Yo TNV THEOVLGLAGY)
TWV EVUAAATIUOV ETUAOYRY OTWG o S00N“E GTOLS EQWTMUEVOLS Lot YOTOTEC TOL EYOLY

ot Otabeor toug I.X. (Ewova 1) nat yio yonoteg mov de drabétovy ILX. (Ewmova 2).

Zevdpo 1
Xpovog evtog oXraTog

Kdotog

Ap1Buog petemiBifacewv

Xpovog nepmoTipoTog,
CVOILLOVI|G OE OTGoT), EUPECNG
BEong otabuevong

Mowa evalAakTikn Bo emiAéyarte

YO TNV TUTTIKT COIG RETaKIVRoN
oE mepimTwon Swakomrg?

Ewova 1 TTapddetypo #3tag yloo v nopovotao?] evog vroletinol
evaAAUTIHOL GEVEELOL OE MEPITTWoY Stanomyg Aettovpying tov Metpd
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Ievapol

Xpovocg evtoc oyroTog

Kootocg

ApLBpog petempfifdosuwwv

Xpovog mEPTLOT|OTOS,
VOOV O OTAOT), EVPECNG
B&ong otabpevong

Mowa evaAhaktikn Bo emiAéyore
YLOL THV TUTILKI OO LETaKIVIoN
oe nepintwon Siakomng?

Euwtova 2 TTapddetypo #a0Tag yio Ty no@ouotost] evog umobetinol
evaAATIOL GEVIELOL OE MEPLTTWOY StanoTyg Aettovpyiag tov Metpd

ANAAYXZH ATAKPITQN EIIIAOTI'QN
Meg0B0o0royko vtofadpo avdrvong Tpofinportog

2e autd 10 onpelo TEETEL vor anpetwbel OTL 1 emAoYY eVOC EVAARAUTIHOD UEGOL ATO TOVLG
UETAAIYODPLEVOLG 08 TEPITTWOoY] Slanonng Aettovpyiag tov Metpd ya v mpaypatonoinoy
TOV UETANVYOE®Y TOLG elvat évar TEORBANu Staxpttwy emAoyov. To poviéda Stoxottwmy
EMAOY®OV EIVXL LOVTEAX TIOL YOY|OLLOTIOLOLYTAL GTA TAXIGLL CLYHOLYWILAXOD GYESLAGUOL, Lo
TNV EQUTVEL TNG CLUTIEQLPOEAS TwV petantvoLpevwy xat ouvnbug Baoiloviat otov navova
UEYLOTOTON GG TG WPEAELNG, COUPWVX LE TOV OTOLO O %dfe peTantvodpevog emAeyet exeivo
TO METXPOEIMO Uéco mov Ou peytotonomost v wgéretn Tov. O xovVOVAG PEYIGTOTOMGYG
¢ wgeletag (Maximum Likelihood Ratio) éyet yonotponombet evpéwg neplocdtepo oty
avantu€n povtélwv meoBiedne e avbpwmivng cuumeppods xabng T anoteAéopatd TOL
TEOULTITOLY e avTy] 1 pebodo eivan enelepyaotpa pe ™ yonon wobnuatnwy pebddwy uat

otattoTnwy epappoywv (Ben-Akiva and Lerman, 1985).

[Tooxetpévon va yonorpomombovy to poviéha SlanEIT®wY EMAOYOV TEETEL VA TAYQOLYTAL

tpetg Baoweég npobnobéoetc:

1. 7n emhoyn wog evadhontinng Oa mEénel voo amoxhelet v emhoyn onolodNnote

GAAYG EVOIAOXTINTG,
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2. 10 obvoko Twv evadhoxtixwmv mEémet vo mepthapBhver dheg g Swbiorpeg

EVUANUTIUEG ETUAOYES, ML
3. 10 6UVORO TWV EVAANOXTIHMY TEETEL VO ElVal TETEQUOUEVO.

Xy mopovoa epyxcta yonotpuonotovvial céatopxevpeva povteda (disaggregate models)
ovpmepupopdc. 'Eotw évag HeTamvoOUevOg 77 ETUAEYEL TNV EVOUAAXXTINY] 7 YL TNV
TEXYUXTOTON G TG petanivnong tov. H wpéletar mov Aaufdver o petontvodpevog # amo

TNV EVUANIUTINT] 7 AVATIXQLOTATAL ATO:

" 11 OLVIOTWO TYG CLOTNRATIUNG (7] LETOOLPEVYC WYEAELXg) wyelelag [

n>

7 omnola
elval GLVAETYO7] TWV YAEANTYOLOTIMMY TOL PETAALIVOLPEVOL OTWG EYoLY petEn el and

TOV OVAADTY], UL

" 11 OTOYXOTNY 7] TLYAIX GLVIOTWOX &, 7] OTOIX AVATAELOTX TG LOLOCLYXQUGIEG KL
tOLUITEQEG TROTLUYOELG TOL PETANLVODPEVOL, xabwg ETONG HaL TO GPaAp KETENONG

1oL TXEATYOYONG TOL XVXALTY).

H mbovotnta o petoantvodpevog # var emhe€el v eVaAaUTng 7 0 TePLNTWOY] SLUnOTNG

Aettovpylag oto 6intvo Tov MeTEo Sivetar and ™ oyéon:
Pin = P(Vin + Ein > an + Sjn) :P(Sjn — &in < Vin — an), Vl,] € Cn, and i -'pt]

To povteda otoyootune wyéretag PBaoiloviar oty opyn ™c Avelaptnoiag not
TovtooNUoG TWY XATAVOUKY TWY CPUARATOY Twy cLVaETHoewy wyéhetng (Ben-Akiva,

Lerman, 1985), nto:

" oV oY ™S avefapTNolag TWY XATAVOUMY TWY GPUARATWV TWV CLVXQTHCEWY

wypéretag (Independence of Irrelevant Alternatives) xout

" 0TV TaEaSOYY] OTL Ol NATAVOUES TWV CYUAUXTWY TWV CLVXQTYCEWY WPEAELNG TTOL
oyetilovtar pe uabe emhoyn eivar ideg (SnAady éyovy ™V Sl HEGN TLUY UXL TNV
ot petaBAntomra) (Independent and Indentically Distributed)

AvdAoyo pe v ToeeadoyY| TOL UAVEL O XVAALTHG OYETIUX WE TYV XATAVOWY] TOL TLYXLOL
oQAApATOC, eivart duvatoy va Tpoudpouvy Stapopetna mbavoxpating povtéhe. Edv yiver n
ToEadoyY OTL TO TLYalo oYaApa anoAiovlel pia natavoprn TOHToL axpaiwy Ttnwy (Extreme

Value type I TOmov Gumbel), 1ot 0 napamdve oyéon umoget va vmoloylotel amd éva
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novtého tonov logit. Edv yiver n moxpadoyn Ot 7 xatovou] Tou Tuyaiov oYIARATOS eivat

novovin] T0Te 1] e€lowor] PTOQEL VoL UTOAOYLOTEL ATTO VOl LOVTEAO probit.
Etoaywyn oto IToAvwvounod povtéro Logit

Baotopévo ot Bewpla ¢ PeyloTOTOMONG TG OTOYAOTIUNG WPERELXG, TO TOALWVLULLO
novtédo Logit vmoféter o1t 0 xdbe petanvodpevog emhéyer ) Stabéotpn evalhontiny mov
UEYLOTOTIOLEL TNV WPERELX TO, 7] OOl ATOTEAEITAL ATO Wid GLVAQETYCY] 7] OTIOLAL TIEQLEYEL TLG
TEUUETOOLS TWV EVUARXUTIUWY AL T YAQAUTYOLOTINA TOL peTanvobpevov. Onwg oe Ola
T OTOYXUOTIXG WOVTEAX OLOUQLTNG EMAOYNG, 7] OLVAQTNOY] WPEAEIAG OTO TOALWVLUILO

AoyaptOpind povtéro opiletot wg eéng:

H otoyaotnn 1 yaio cuviotwon g, eivar 1o dbpotopa twv Aabwy mov npogpyovtar and
TOAAEG TNYEG, OTWG TO CYIAUX HUETENONG MUl TAEATNENONG TOL avaALTY), AovOacpevn
TANQOYOENOY ol TEOCOLOQIOUOC NG eklowong YENOIROTNTAC Mol  AVUTXOLOTA  TLG
18100LYHEAGLES Kot IBLITEQES TROTLUYOELS TOL UETAULVOLPEVOD. AVEAOYX e LG TaadoyEs
OYETIM PE TYV HATAVOWUY] TOL TUYXAIOL OQOL CYAAUXTOS TOOUDTITOVY SLAUPOPETINES EUPOATELS
¢ mbavottag. To molvwvopind povieho Pooiletar oty apy? ™¢ Avebaptnotag not
ToTOGNING TWY XATAVOU®MY TOV CYAALRTWY TWY CLYAETHOEWY weAstag. Me Bdon avtég Tig
TEBOYES 1] HOEYT| TOL TOAWYLIKOL povtéhou Logit Oa eivar yroo v evalhontiny 1 no
TOV LETAMIVOLUEVO N

eﬂvin
Pn(i)=m, j=1,....,i,...,1€CnVi¢j

J=1

Omnov oty mpakn N p Bewpeitar ion mpog ] povdda, aod Se pmoEel Vo LTOAOYLOTEL
EeywELoTd amd TG TAQAUETOOLS B TNG CLOTNUATINYG CUVAQTYONG WPERELXG. 2TO UOVTENO
™G AOYLOTIUNG TaAMVOQOUYGYG Ol GULVTEAEGTEG axOAOLOOLY [tot UAVOVINY] HATAVOUY], OTOY
LTREYEL Evag enaEun xEtBuog dedopévwy 610 Selypa, eV 7] TOOGAEOYT| TOL LOVIEAOL GTX
dedopéva yivetor pe 1 pebodo g peyiotng mbavogdvelag, n omola peyiotomotel To
Moyaptbpo g ovvapmong mbavoydvetag tov  Seiypxtog, pndeviloviag TV TEWTY

ToEAYwYo ¢ ouvapong Thavopavetas. H ouvapton mbavoypdverag tov Seiypatog etvot:

LL = g:l(Z{:l 6in [Vln —In ZVI exp (Vln)])

Onwe oe OMat 1ot YEVIXELUEVE VYOXUMUIUE ROVTELX, ETOL XaL GTO POVTELO g AoytoTnng
[TohvSpopnong, XOMOLUOTOLOOVTAL To UQLTNEWL EMAOYNG UATIAANAOL WOVIEAOL XL O

ouvieheoThg TEoGStoplapon R,
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2V mepintwon evog Svadeod poviéiou logit, n mbavotta emhoyng pag evolAanTiung

EVOVTL LG GAATG o€ eva Suadind poviedo logit, vrokoyiletot and ™) oyéon

_ exp (V1)
exp(Vy) + exp (V)

1

Etoaywyn 610 molwvopxo poviédo Probit

To povtéda Probit mapoio mov Sev vmdxewvtal o8 TOAOLE ATO TOLG TEQLOPLOUOLS TWVY
novtedwy Logit etvar Suoxolotepo va emhvbody, t8iwg Otay 0 aEtOpodc Twy evaloxTinwy
elvar peydroc. H Baown napadoy?n twv poviédwv tomov probit elvat 0Tt ot TLUEG TOL
CPAIMLATOG TNG OLVAETYNONG WPEAELaG axoAlovbodY [l TOALSIAOTATY] UAVOVINY] UXTAVOUY
(multivariate normal N[0, X]). Xtnv mepintworn evog povtédov Probit, o mbavotnteg
EMAOYNG MG EVXARUUTINNG UTOQEL VO LTOAOYIGTOLY PE 1 YENoY abpoloTinmy 1avovinmy

mvaxwy. H (nrodpevn mbavotta vroroyiletar and ) oyéon :

P =P(Vp + €& > Ian + &nj Vji# )| =

f I(an’+8ni >an+8nj <V]

&n

# Do(en)dy

Omnov  @(&,) elvor 1 ovvdpmon nLvdTTEG TOVOTNTAG ULKG TUTMNG  HAVOVIUT|G
NATOVOPNG TIEQLYQRPETAL ATIO T GYEON:

1

= Iy-1
exp 7€n XnEn

1
p(en) = WA

Eioaywyn oto Heteroskedastic Extreme Value povtého

[Tooxetpévon va Angbel vnddn 1 etepoouedactpoTTr UeTa€d TWY EVUAAANTIMGY €V VEO
novtého mpoteivetar amd tovg Bhat (1995) noar Hensher (1996), 1o omoio ovopdletot
Heteroskedastic Extreme Value not amotedet pio amhonompévy popyen twv ITolvwvupixnmy
Movtélwv Probit. Ta poviéha avtod tov T0OTOL, Sev LIOMEWVTAL GTOV TEQLOPIOUO TG
ave€aTNolag UUL TAVTOGNUING TWY UXTAVORMY TWV CQXALXTWY Twy poviéhwv logit,

eTTEETOLY peyaALTeE evehia and T Nested poviéla ot POEYH TS GTALEOELSOLS
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eEAAOTINOTNTAG UL VL TILO ATTAX GTO LTOAOYIOTXO PEPOG Ao T movtéha thmov Probit. H

ovvapom ¢ abpototinyg natavour) eivar Gumbel xou Stveton anod:

—::0;: , , , \ , 1 12
F(Eij) = exp{—e U J}, OTIOL TO TLYXLO GPAAUN EYEL SLUUDUAVEY] PYYE
J

Avapeoa ot Tol POVTEAX TOL TEELYEAPNMaY, TO povielo tomov Logit eivar to MO
5 AL oo ST el Ok % - reloTh T 2 v
NUOPIAES aE YN, DLOTL elvat EDXOAO VoL LTOLOYIOTEL, EYEL UAELOTO TOTO LTOAOYLOUOD, EVR

odnyel 6T dnpLovEYio A€LOTIGTWY LOVIEAWY PE XAVOTIOTIXOLS OEIUTEG TOOCXQIOYYG.

AvaAvor TV OTOUYEIWY XAl EXTIUNOY] LOVIEAWY GLUPTIEQUPOQLS OE TIEQITTWGY] SLAXOTING

Aettovpyiag MET

2NV eV AOYw evOTNTX TAEOLOLALOVTOL HXL XVAADOVTAL EVOEIXTING TX CYUAVTIUOTEQN LOVTENX
TOL TEOEXLYAY ATTO TNV AVIALGY] TWV SLAKOLTWY ETIAOYWY TWY EQWTWUEVKV OTIG OVO EQELVEG
nov mpaypatonominuay. Onwg avapépbnre TEONYOLUEVWS, CLAAEYOVTOL HoL AVUADOVTOL
OTOUYElO OYETIUX WE TQUAYUATIUEG AVTIOQUOELS UETAUVOLUEVWY XUECWS HETX TNV Spnvy
Stoxony g oappune 1 tov Metpod g Abnvag, nabwg eniong not otoryela oyetua pe ™
OLUTIEQLPOEE TWV HETANVOLUEVWY O piar btobetny] Stanony] Tov Metd. Aol avakbovta
YWELOTA O 2 PELVEG, avamtuocovTal pobinpatina vrodetypata pe ™ Bewpio Twv StoaxELtov
emdoywyv (Logit, probit, HEV, Nested Logit) xot pe ) puébodo g ouvdvaotinyg yonone
Sedopévay  amonaluntopevnc/Sednlwuévne. Avarmtdocovianr  pobnpotind meodTLT oL
ovoyetilovy ™V avbpWwTLVY] CUUTEQLPOER UL TYV ETUAOYY] EVAAAUXLTINOD LECOL UETANIVYONG
oe oLVONMEG ENTANTNG ASLTOLEYING UE YAQAATYOLOTING OTWS O YEOVOS StadEouNG nat TO
100TOG petanivnong, o aetbuog petemBifacewy natd ) Stdpxeta g Stanomyg, 1 NAxia, TO
PLAO, TO elEOdN P, 1 ouyvoTTa Yenone MXET 7 L.X., o oxonog g petaniviong, 1 eveAtéio
TOL WEAELOL gpyaaiag, 0 oLV ONG YEOVOG dladpoung LTO navovinég ouvbyxeg AettovEyiog
00 Swtbov. Ot cuvtedeotég extpninuay pe ™ yonon me pebodov Meyiotonoinong g
[TiOavopavetlag péoo and v epapuoyy) Tov Aoytopinod NLOGIT.
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Movtého emhOYNG XONONG TOL AstTOLEYOLVTOG TNPaTog ™G I'oappng 1 Tov Meto
%ot TNV Spnvy Stexomy| Aettovgyiug

2V evOTTa aLTH TTEOLOLALETaL TO TEAMO LTOSelypa Tov avantLyBnxe pe yonomn tov
Avadwov  AoyoptBuwod  Movtédov, yloo v eQuNVElX  TNG  CULUTEQLPOEES  TWV
UETANIVODUEVWY XaTd Tnv Sunvn Otaxony, Aettovpylag ™¢ Looppng 1 tov Metpo,
TEOXELPEVOL Vo eTitevybel 0 Eheyyog TG OTATIOTIUNG oNuovTOTTag u&be ovviedeot.
2tov mivara 3 Toeovotdlovial Ol OQLAHKES ETLOQATELS TWV SLXPOOWY YXQAATYOLOTIXWY GTNV
ThoavOT™NTH EMAOYNG T1G YO1ONS TOL ev Asttovpyla Tpunpatog ™ Looppng 1 tov Meto,
pali pe ™y avtiotoryn mbavotnta ogdipatog (p-value), g omolag 7 TLT EAEYYETAL OV
Eemepva 10 1%, 5% 7 10%, omote 1 vrdbeon OTL 7] enidEAGY TOL YAEANTNEIOTINOL Elvart 1)
Sty 6ooug yonotponoinoav ™ Loauun 1 nor doovg avalninoay evadhoanting peoa Sev

anoppintetat oe eninedo onpavtnotrag 1% (5% 7 10%) .

ITivosag 3 Avadind AoyuOuxo ITeotomo: Ogrunss emidodosts

MeTotvoOPEevol O ETNEERCTNHAY ATTO T SLaxoTN

Binary Logit
Ave€aptnmn Metafinty  Koatnyopio Ogroxég p-value T
(Yevbopetafintn)  Emdodoeig b/st.er
Zwvning yodvog 20-39 kemta -0.114 .044 -2.015
Suadeoprs 40-59 Aemr -0.161 007 -2.714
>60 Aentd -0.261 .000 -3.539
ApOude 1 0.504 .000 16.516
petemPrBdoewy 2 0.588 .000 25.689
notd T Bacony >=3 0.405 000 16.159
Ynondg petaxivnomg Exnaidevon .0876 .050 1.960
Sovnone yonone IL.X. -0.047 531n/s -0.627
'Eynvpeg napatnonoetg 1117
Log-likelihood -454.976
McFadden Pseudo R? 0.402

n/s M7 otatiotud onpovtind oto 10% eninedo onpavinodmrag

ATo tov mapamdve mivaxa moxdmtet Ot v mbavommTo va emAélel o ypNoTng v
uetovnBet pe ™ Doopun 1 tov Metpd uxta ) Sapneta ¢ Stanonyg, enreealetal amo
10 ouviOn YEOVOo petaxivnong touv emtBaty, ano tov aetuo Twv petemPBiBdoewy notd ™
SLapuetor g SLAKOTNG, %Al OQLAXA XTO TOV EXTAULSELTIHO YXEAXTHEX NG peTanivione. H
ovvnbeta yonong L.X. dev gaivetar va emnpealet v mbavotta yonong g loappne 1
note 1] Stanomy). Me tov 100m0  avtd StepeuvdTal TO xaT& TOGO Baones HETABANTES, OTWG
«n ovvnng yonon 1.Xw», «o oxondg g petanivnonoy, «o YEOVoS StadEOUNG LTLO AAVOVINES

owvbnreg Aettovpyiagy 71 oaxopo ot o aEtdpodg petemPBilacewy xatd 11 StaEMElX NG
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Stonomng, ennEedlovv TNV EMAOYY evOg WECOL peTaxivnong Lo ouvinxeg eéxtamtng

AelTovEylag.

Toa anotehéopata &detav OTL Ol PETAMIVODPEVOL TOL UAYOLV TEQLOCOTEQES AmO 2
\J ! \J J | ! ' '
netemPrBaoetg nauta ) Stepuetx g Staxonng, eivat mo mbavo vo naEapeivovy 6To SinTuo
00 Metp06 o oyéor pe avtoLg ToL Sev %AvoLy rapio. Axoun ot gortnTég, 1 podnteg eivor
TeELocOTEPO THAVO Vo TXEAUEIVOLY GTO SIUTLO GE OYECY| e TOLG EQYXALOUEVOLG, 1] *VTOLG
TOL MUETAULVOLVTAL OTX TAXIOLX TNG EQYxolag TOug 7y Aoyoug ovaduyne. Télog, ot
petanvobpevol mov ouvnbwg Stxvbovy peydieg amootdoetg (>60"), eivar mbavotepo v
emAEEOLY EVUARUUTIUOLE TEOTIOLG PETANIVYONG HATA T1] SLUUOTY] GE GYEGY e OGoLE oYM Bwg

TOUY LA TOTIOLODY GLVTOOTEQEG UETANLVOELC.

Movtého smloyng péoov petaxiviong Y v 24wy Stuxomy) AOyw ameQying TOL

TQOOMTINOV

2NV EVOTNTA AUTY] TAEOLOLALETAL EVOEIXTING EVX XTIO T AOYLOTING LOVTEAX TUALYOQOUY NG
mou avarmtuyOnuay pe ™ yonon twv pwoviedwv MNL, MNP xou HEV, mpoxetuévouv va
ovoyettolel 1 emAOYY| EVAAAAXTINOD HETAPOQIXOL UECOL GE TEQIMTWOY] SLUUOTNG HE TA

YAEANTNELOTINE TOL TaELSLOD oL TOL YENOTY).

H extipnon twv ovvtedeotwv éyve AapPavovtag vmodn 7749 mapatnenoes yur toug
yonotec Metpo, ot onotot diebetav 1.X. Xtov mivaua 4 napovotaloviar T GLYXEVIOWTIUA
anoteAéopata mov mpoexvday Yo x&be povtelo avaivong ywotote (MNL, MNP, HEV),
evw otov mivarx 5 mapovotdloviat To avTioTOLY o LTOSELYUATA YLt TOLG YONOTEC TOL Bev
debetay 1.X. Avdpeoa otig Baowmeg petafintég mov e€etaotyuay eivat: 0 YEOVOS EVTOg
OYMHATOG, O YEOVOG EXTOG OYNUATOG, O aEtbpog petemBiBaocwy, 10 ®xOGTOG HETONVYONG,
T ONUOYQUPIUK HAL UOLVWVIXO-OLMOVOUIUR Y XQUUTNELOTIXG TOL YE1oT] uxbwg nor 7
ouyvOTNTX YENoNe Metpo, 71 SLVATOTNTX ELEAILTOL WEAELOL EEYAGING, OXOTOG TNG

petaxivnong nabwg nat o cuvning yeovog petaxiviong.
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IMivaxog 4 [Tipeg Moviého MNL, MNP and HEV (ypnoteg pe 1.X)

Movtédlo Logit? Probit? HEV?
Avefaptnm Metafinty coefficient  t-stat  coefficient t-stat  coefficient  t-stat
Aewyopeio

2tafepd Aewyopeiov 0.959 3.47 0.66 3.62 1.011 3.47
Hludo:18-35 n/s n/s -0.419 -1.685
Hhuio:35-45 n/s n/s -0.566 -2.20
Ewoodnpa: Ygnio -0.289 -2.79 -0.207 -2.92 -0.347 -2.30
Eio68npoXapunho n/s n/s 0.249 2.06
Zovnng yeovog o€ :46-60 0.276 2.57 0.205 2.74 0.348 2.87
>oviOng yeodvog taé:>=60 0.766 5.89 0.527 5.80 0.885 6.09

Xomnon ueteo >1 popd ) BSopdda

X

Yrabepa LX. 1.419 5.00 0.947 4.45 1.327 3.77
Diro: avdpog 0.216 2.88 0.172 3.15 0.269 2.99
Huio:18-35 0.713 2.74 0.665 3.48 0.978 3.03
Hhnio:35-45 0.573 2.16 0.566 2.90 0.789 241
Hhuxdo:45-55 n/s 0.496 2.43 n/s

2nomog 1aéidod: Epyaota -0.239 -2.12 -0.194 -2.40 -0.263 -1.99
Xonon peteod >1 gopd ) Bdopada -0.497 -5.62 -0.423 -6.39 -0.696 -6.08
Evélixto wpdpto spyaotog n/s -0.116 -2.02 n/s

XEOVog eVTOg OYNUATOS -0.041 -25.34 -0.032 -19.94 -0.052 -14.84
Koaotog petanivnong -0.220 -25.55 -0.158 -23.38 -0.257 -20.14
XEOVOG EXTOC OYNUATOG -0.041 -9.44 -0.034 -9.52 -0.055 -8.36
ApOpog petemBipocewy -0.255 -8.08 -0.199 -7.62 -0.315 -0.91
Eﬁﬁﬁof ;z»iuocmq me HEV -0.343 -6.679
Agifpoe nogatnenoewy 7749 7749 7749

Null Log-Likelihood -7829.10 -7829.10 -7829.10

Final log-likelihood -6537.45 -6531.71 -6526.57
Likelthood ratio test -2583.31 -2594.78 -2605.06
Rho-square (¢2) 0.165 0.233 0.233

n/s M ototiotiud onpaviind oto 10% eninedo onpavindmog

aN=861 epwtwuevor; ndbe yoNnomg anavta oe 9 oevapta; xptbpog napatneoewy 7749.
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ITivaxag 5 ITApeg Movtého MNL, MNP and HEV (yoemnoteg ywoic 1.X.)

Mov1télo Logit? Probit? HEV?
Avelaptnm Metafinty coefficient  t-stat coefficient  t-stat coefficient  t-stat
Aswypopeio
2tafepd Aewyopeiov 0.787 2.52 0.559 2.62 0.816 3.33
Doro: dvdpag 0.391 7.57 0.323 7.48 0.335 7.09
Hhudo: 18-35 -0.693 -2.34 -0.504 -2.40 -0.611 -2.60
Hudo: 35-45 -0.711 -2.34 -0.493 -2.24 -0.640 -2.64
Hhurio: 45-55 -0.878 -2.55 -0.638 -2.50 -0.777 -2.84
Ewoodnpa: Ynio -0.460 -3.36 -0.383 -3.58 -0.372 -3.48
Erooonpa: Xapnho 0.526 8.20 0.453 8.60 0.421 7.27
Yovhing yeovog taé: 46-60 0.149 2.16 0.122 2.08 0.131 2.18
2uvning yodvog tak:>=60 0.194 2.48 0.150 2.32 0.182 2.71
Qbvog evios oxprtos -0.039 -20.99 -0.032 -20.88 -0.034 -17.30
Kootog petanivnong

-0.299 -37.90 -0.245 -41.46 -0.271 -23.62
gouos xwos oxiikatos 0039 536 0032 539 0032 508
Aeiuos perempiosey -0.193 -6.29 -0.161 -6.31 -0.154 -5.501
ApOpoc TMapatnonoewy 9747 9747 9747
Null Log-likelihood -6097.18 -6097.18 -6097.18
Log-likelihood -4891.29 -4894.78 -4886.75
Likelihood ratio test -2411.79 -2404.8 -2420.86
Rho-square (p?) 0.198 0.276 0.277

Kabog 1o amoteléopata TV HOVIEAWY AOYIOTMNG ToMVOQORNoNG Oev elvat eduola

CLYXELOLUL, EEULTIOG AL TWY OLPOPETIHAOV UATAVOUMY TOL axOAOLOEL TO GTOYATTIHO UEPO
bl

™g e€lowong TG oLVAETNOYNG WYEAElaS, LTOAOYILovTal oL oplaxeg emdpacelg ndbe

ove€dp g puetaBANTNG o1y e€xpTNUevy), oL oToleg epypavilovtat oTov mivana 6.

ITivaxog 6 Edaotindtneg Zimong

Xonortsg pe LX. Xonorteg yweig I.X.

MNL | MNP | HEV | Logit | Probi | HEV
ED,AEWPOPELOL WG TPOG TO YEOVO evtog oyNpatog | -0.929 | -0.953 | -1.010 | -0.502 | -0.496 | -0.546
ep,L.X. wg TEOG TO YEOVO EVTOS OYNUATOS -0.709 | -0.671 | -0.670 | N/A | N/A N/A
ep,Te€l WG MEOG TO YEOVO EVTOG OYYUATOS -0.787 | -1.117 | -1.180 | -0.630 | -0.697 | -0.600
EDAEWPOPELOL WG TOOG TNV TLUT| ELGLTNELOV -0.199 | -0.182 | -0.200 | -0.145 | -0.139 | -0.164
ep L. X. w¢ mEog 0 AettovEyind ®66T0g -0.690 | -0.596 | -0.590 | N/A | N/A N/A
ep ,Tél WG TEOG TO XOGTOG UETANIVYONG -1.380 | -1.900 | -1.950 | -1.661 | -1.830 | -1.637
ep, AewPoPEioL wg mEOg 10 YEOvo Padicpatog xar | -0.330 | -0.362 | -0.38 | -0.168 | -0.161 | -0.175
YOOVO aVULUOVNG
ep L. X. wg mog to ypovo ebpeog Béong -0.321 | -0.326 | -0.320 | N/A | N/A N/A
ep,Tél wg mEog 10 Yeodvo Padicpatog nat yedvo | -0.169 | -0.257 | -0.260 | -0.131 | -0.138 | -0.124
eDAEWPOPEIOL WG TEOG TOV xEBUO -0.157 | -0.165 | -0.170 | -0.063 | -0.063 | -0.064
uetemBiBdoswy

H odyxpton twv npotbdnwy od1ynoe ota e€Ng CLUTEQACHATA:
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" M mbavn adénon tov avititipov Tov eotTEiov Tou Aewgopeiov xata 10%

XVOUEVETOL VL ETILPEQPEL Uelwa?] TN {NTNoN Yo Aewpopela LinpoTeET] Touv 2%.

= M mbovy ab€non tov Asttovpywod xdctovg e petaxiviong pe LX. nata 10%

ovaLpLEVETAL Vo ETILPEQEL pelwon oty petonuvioelg pe 1.X. nepinov xatd 6-7%.

= H Onmon ye Aewypopein epgpaviletar aveluotny] wg mEog tov  aptbuo

netemPBooewy

= H hmon y kewypopeio eppaviletar TeQIGOOTEQO AVEAXTTINY] G TEOG TOV YQOVO
EVTOC OYMMUATOC O OYECY PE TN {NTNON Yl AEWPOEELX WS TEOG TO YEOVO EXTOQ

OYMATOG.

ZYNAYAXTIKO MONTEAO AEAHAQMENHZXZ-ATTOKAAYITTOMENHX

Ot épevveg amonaAvTTOpEVYC Oev evdeluvutar yix T OnMpovEyia TEOTHTWY TEOBAEYN,
nabog advvatoby vo LTOAOYICOLY TNV AeYOpEVY] «xEla UN-XONON, AOYW NG YAUNANG
HETUPBANTOTNTAC  TWV  TUEATYQODHUEVWY  XOQOXTNOLOTM®Y.  AvTioTolyo, Ol  EQELVES
dednhwuevne mpotiunong Bétovy mololg meploptopoLs ot xeNnoy xabwg epmeptéyouy
CQIARATE UETONONG AOYWw nOTwong not mboavig pepondiag Twv epwTOHUEVLY 1ot AOYw®

LOYLEOL GLOYETIOUOL UeTalD TwV EMEENYNUATIUOY KETXBANTMY.

[Toonetpévon v mapaxaupbodv avtol ot meploptopol nat va Bertiwboby ot extipwpevol
OLVTEAEOTEG TWY TEOTLTIWY TTOL TEOEULYAY ATO T YWELOTY] AVEALOY] TwV BLO GET SeSOUEVWY
(épeuvar AMONAAVTITOPEVYG, EQELVA BESNAWMEVNS) nat var TopanappboLy ot meptoptopol Tov
fétovy oL épevveg OedNAWPEVNC AUl ATOUXALTTWUEVNG, ETUYELOELTAL 7] OVAALGY] TNG
OLUTIEQLPOQAC  TWV  HETHMVODHEVWY pe 0 Hébodo 1g  ouvdvaoTNG  AVAALOYG
Aednhwpevne-Anoraivntopevne. H avadvon éywve pe 1 yonon touv ITolvwvopinod
novtehov Aoyotinng IaAvdpodunong ot tov Evgwitaouévou ITpotdmov (Nested Logit).
To tehnod Seiypa mepthapBaver 1038 anavinoelg anoxodvntopevne xot 1944 anavinoerg
dednhwpévne. Apyma dnuiovpyeitar &va eVQOMAOUEVO TEOTLTO Yot TO TELQUUA TNG
OeONAWUEVNG HXL OTY] CLVEYELX VAL YL TO TEIQUUA TVG ATOUXALTTOUEVNG, T OTOLX 0T
ovveéyeta ovvdvalovtat. 'Etol mpoudmtovy 9 cuvdvacuol evoaloautiuwv péowv, 4 oamd v
EOELVX TNG ATOUXALTITOUEVNG %ot 5 amd ¢ OedNAWUEVNG, OTWG AUTEC TEQLYQXPOVTAL

oynpating oty Ewova 3.

To evpwMaopevo povieho npoudntet and 17 Dewplo PeyloTonoinomng ¢ wpelelag, OTWS 1ot

TO TOAMETAPBANTO AOYIOTIMO HOVTEAO, XAAX EXEIVO TOL OlUPEQEL ElvaL O WUNYAVIGUOGC
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emAoyne. To ouvdvaoTind TEOTLTIO TEEIEYEL UEQUOLG KOLYOLG GUVTEAEGTES, ULEIWG YL TIG

NOLVEG TTULOAUETEOLG UeTaED T7G EQELVAG BEONAWMUEVYS UL ATONXAVTTOUEVT|C.

ui [

SPCO SPCO ‘ ’SPNCO |5PNCO

SPCO
Metpd ‘ m [!\Ewdmpei.u Takl | ‘.Mmmlnl ‘ Takl

Ewova 3 H Sopn/popyy 1ov Evpolaopévou Tepapyxod Iootbmov

Axohovlet o Tivarag 7 pe 1o anoTEAEoPATO OTWG VT TEOEXLYAY YL TO GLVOLO TOL

delypatoc.

ITivaxog 7 Zovdvaotind Ilpodtuno Aednhlwpsvng-Anoxadontopevns pe Nested Logit

Joint RP-SP Joint RP-SP NL

MerafInrteg MNL RU1 FORM

Parameters t-stat. Parameters t-stat.
Zralepég
1L.X. (RP,SP) 1.095 16.153 1.602 4.808
Aewyopeio (SP,RP) (CO, NCO) 0.841 12.712 1.403 10.812
Tofi(RP) 0.169 1.290 1.834 3.581
Metpd (matnyoplo Baong) - - - -
Xaguntnglotixg emmédon egonnEETang
Xpdvog Sdpourg (mopta-nopt)) (RP) 0.013 4.830 0.001 0.4350/s
Xpovog evtog oynpatog (SP) -0.040 -34.533 -0.098 -5.907
Xpovog extog oynpatog (SP) -0.039 -10.628 -0.104 -5.781
Apbuog petemBidoewy (RP,SP) -0.247 11.832 -0.381 -6.923
Koéotog petanivnong (RP,SP) -0.254 -45.671 -0.668 -5.944
Kowvwvixo-owovopunés petafintés
Xapnho etoodnpa (<800) (SP)
Aewypogeio (CO) 0.193 3.324 0.737 3.672
Aewypopsio (NCO) 0.115 2.123 0.983 4.006
Yo sto6dnpa (>1500)
1X. (SP) 0.349 5.015 0.646 2.940
HMxioe 35-45 (SP)
Aewpopeio —CO -0.231 -3.140 -0.189 -1.092
Aewpopeio -NCO -0.067 -0.719 0.022  0.105"/s
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Xxomog tafidlol: egyuoio

Aewyopeio- CO (RP,SP) 0.012 0.196 -0.195 -1.231
1.X. (RP,SP) -0.102 -1.465 -0.512 -2.743
Aewyopeio- NCO (SP) -0.371 -6.573 -276 -2.022
Metp6 (RP,SP) -1.174 -0.782 -1.118 -4.625

Diro: dvdog
IX. (SP) 0.446 8.443 0.737 3.924

E)aotitd w&gto sgynociog

1.X. (SP) -0.102 -1.465 -0.302 -1.774

ITagapetot shipoxag (IV)

RP 1000 Xrabey
SPBS 0426 5198
SPCR 0309 6314
SPTX 0445 53890
SPNBS 0477 5481
SPNTX 0423 6.081

Tomuen anoxion

RP 1.283  Ztabeon
SPBS 3.010 5.198
SPCR 4.151 6.314
SPNBS 2.685 5.481
SPNTX 3.029 6.081
ApOpog magatneoswy 18534
LOGL -12789.55 -12591.14
LOGL(c) -14897.30
Rho-square (0?) 0.637

/s M otototiud onpaviind oto 10% eninedo onpavindmog

Ot ovvteheoteg Yoo TIG HETABANTEG «YQEOVOG EVIOC OYNUATOD), «YQEOVOG EXTOG OYYUXTOD,
«ptpog petemBiBacewvy, «1OOTO, eivat aEVNTXol %ot oTaToTind onpavitwol. O mo
ONPAVTINOG TEAYOVTAG ETLEEOYNG OTNY EMAOYY] heoov oe ouvinueg Stanomng AelTovpylag
patvetat v etvat T0 #00t0g (-0,668). O cuvtekeotyg Tov «aptbpod petemtBiBacewwy eivar 4
(POEEG UEYXADTEQOG ATO TO GLVIEAEGTY] TOL «)EOVOL evtog oyxNpatoe ( -0.098) ot tov
«entog oynpatoy (-0.104), 1o omolo onuaivet OTL oL petonvodpevol etvat mo mhouvo vo
TEOTLIYOOLY €V EVIANOUTINO PECO PETAXIVIONG UE UEYXADTEQO YQOVO SLASQOUNG ATO TO
var #avouy plo e€Tpo Petanivior] oe SlapoETIXO PECO MATA TY] OLXEMELL WLXG OLXXOTNG

UETEO.

1123



EKTETAMENH EAAHNIKH ITEPIAHYH

XYMITEPAXMATA

[Mopd 10 yevinoTepo evdlayépov mov vmaEyet oo Oepata AelTovEYING TwY XLOTNUATWY
Metpd, 10 QavOpeVO TwV Olaxomwy AettovEyiag Sev éyet peietnfel apuetd, an’ 6co
yvoptlovpe ot Sebvn Biloyoaypioa. Meéyot oNpepa 1 CLALOYY] GTOLYEIWY CYETUOV UE T
CLTIEQLPOQT ETANLVOLPEV®Y XaTd TN OLdExeta Stanomwy elvar neptoptopevy]. H napovoa
epyaoio amoteAel pla mpoondbeta vo extipnBody ot evaddaxtinol TpOTOL peTaxiviong oe

TETOLEG MEQITTWOELG.

2o miaiota ™G Sdantopwg dtatEtPng nat pe Baor ta amoteréopata ¢ BrBAtoypupinng
AVUOUOTNONG UATAEYAS 0pYvwONuay ot épevveg GLAAOYNG oTOLYElwY PECL UXTAAANAX
OYeSLOUEVWY  eQWTNUXTONOYIWY pe  Tic WebOdouvg TNC  ATOAALTTOMEVNG UL  TNG
dedniwpeévng mpotipnone xabwg xat pe 1 pebodo tov cvvdvaopov avtev. H avalvon

Tpaypxtononnue oe 3 otdda.

ZUAREYTNUOY Hot avaAOOn oy oTOLyEl OYETMG e TEAYUXTINES AVTIOQAOELS LETANLVODEVWY
apowg petd ™V Spnvn Staxony g Noappng 1 tov Metpd g ABnvag, nabwg eniong xot
OTOLYEl OYETMG YE TV CUUTIEQLPOOE TWV UETANLVOLUEVWY ot pio bobetinn Stauomy OAwv

v Méowy 2tabeprg Tooytac Aoyw 24wpng anepylag TOL TEOGWTHOD.

Anohodbnoe 1 avddvon g peTABOANG EVAAAAXTINOD UETAPOEIMOL HECOL GE TEQLMTWOY)
SLoanomNg AettovEylag, ohupwve pe tor dedopéva mov cLAAEYOuay and Tig 2 Epeuveg pe ™
yonon pabnuotinev mpotdnwy mov Baciloviar o ¢ bewpla Twv Stoaxpltwv emAoywv
(MNL, MNP, HEV). Ta HEV, MNP, eivat Suvatov va yahapovouy Tov TepLopopd oTov
omoio vmoxewtar o MNL. Avapeoo otg petafineg mov  peretnOnmnav  eivor
NOLVWYIMOOMOVORINES, YoeauTNELoTind Taéidtod nat petantvobpevon. Kot ta tola povtéha
avedetéay 11 ONUOVTIOTNTX TG NAIXKG, TOL YOAOL XAl TOL ELCOSTUATOC GTNV ETUAOYY|
uéoou xata ) Stdpuetn Stoanomng Aettoveyiag 1ov Metpd. Ta anotedéopata édetéayv OTL oL
UETAULVOLILEVOL TIOL YEYOLUOTIOLOLY GLYVOTEPX Metpo, eivar Myotepo mbovo vo emhé€ouy
LX. yu ) petaxivion toug xatd ™ Stdpreta g Stanonng. Anopa, ot VexpOTeENS NAuing
uetautvodpevol (<35 etwv) elvar meptocotepo mbavo v yernotponooovy L.X. xatd 1
dwxpnetor g Otamomne. H péon ehaoundmra (qmong oyetnd pe 10V YEOVO EVTOQ
OYNUXTOG Ytor peTontvobpevoug mov daxbetovy 1.X. not yonopwonoincay nata ™ Staxony
Aewpopeto vrokoyiotnre mepimov -0,9, eve yix doovg de dwbetovy 1.X. extipunbnue nepinov

-0,5.
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H ¢pevva avedetée emiong 17 onpaocio g SLVXTOTNTAG €QYAOLAG PE ESLEMMTY] HOQYT
(hepyaoia, SuvatoOTTa  UBLOTEENUEVNC TEOCEAELGYG), OF TEQITTWOELS  OLAXOTMV

Aettovpylag, wote va meptoptotel 1 yonon L.X.

Ev ovveyela, pe ™ pebodo tov evgwhoaouévov mpotdmov (Nested Logit) ot ™)
ovvduaotinn pébodo amoxaluTTopevnc/Sednlwpévng gpeuvag avantiooeTor LodnUaTiNG
TEOTUTO TOL GLOYETI(EL T7] CLUTEQLPOPA TWY HETANLVOLUEVWY Ot CuVOMES EnTanTyg

AELTOLEYIOG E YUQANTNOLOTING THELBLOD 1ol UETANIVYONG.

Avdpeon ot BaomoTepU ELOTOLTOL ™Q oLYSLAOTINNG AVIALGTG

amOAALTTOpEVYG/ Sednhwiévng elvar to eéng:

=  H Swdwmaoio Mg andpuong enthoyns RECOL oe TEPLNTWGY] SLAXOTYG AELTOLEYING
umopet va mpotumonowmbet Bacet g Bewplag otoyatowmng yonotmomras. H yonon
™G oLVBLAOTIUNG oVdALOYG BedNhopévne/ anoralontopevns Oewpeltoat 6Tt 0dnyel oe
TEELOCOTEQO GELOTULOTH ATOTEAEOPATA UXOWC THQAAAUTTEL TOLG TEQLOPLOUOLS TOL
Bétouy ot Sbo pebodor épeuvag ywototd. Ta poviéha tomov Nested Logit
TEOTILWVTAL ~ OE  TEQIMTWOELS  LTXEENG  ONUOVTIXYG — ETEQOYEVELNG UL
eTEOONEOAOLUOTNTOG MUETAED TWV EVAAAAXTIMGOV %ol TWV ETAOY®V, ONWG GTNV

TEQIMTWOY] TWY EQELYLY SESNAWUEVYC TOOTIUNONG.

= H petaBoly] c CLUTEQLPOPES TWV UETAAIVOLUEVWY GE TEQLTTWOELS SLAXOTNG elvart

«AVAYHAOTIN Nl OV LEYLOTOTIOLEL ATAQAITYTA TNV WPEAELX TOL PETAULVOLUEVOL.

= H yonon Aew@oelan®wyv YOXUU®Y YEPLOWGCYS HUXL TEOVOULAUNG TLLOAOYLUMNG
TOALTINYG xaT& T7) Staomy] Aettovpylag Sev emapuetl Yl v 007 nat anoteAeopatiny

LTOXATAGTAGY] TOL SUTVOL ATO ETUYELX UECK UETAPOQAGC.

®=  Boaowol mnopayovieg mov emneealovv TNV EMAOYY] EVUAAAMTIMOL [ECOL GE
nepmtwoelg Otaxomng elvat: o aptbpog twv petemPifdocwy nat 0 uOCTOG NG
uetaxivnong, ouyvotnta yenons Metpo, dwxbeoipdomra 1.X., Suvatdtta evédnton

WOXOLOVL, UOLVWVIUO-OLLOVO LUK, OTLOYOXPIKA.
bl b

= O apbpoc twv petemPBifdocwy xat 10 %xOGTOG NG KETAXIVIONG ATOTEAOLY TOLG
ONPAVTIMOTEQOVG TUEAYOVIEG TOL EMNEEXALOLY TNV ETAOYY] UECOL OE TEQIMTWOY)

SLoanonwy o171 AeltovEyia cLoTNUATWY MeTEO.
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" Ymdoyet eopalpévy) mpodidbecr Tov HETAXIVOLUEVOL GTNV emAoyY pécov Paoet

TQOYOOUEVNC EUTELQLAG, TTOL TEETEL VoL EAEYYETAL.

= Ot yovaireg eivar Atyotepo mbavo va yornortpomnowoovv 1.X. xatd 11 Sxpreto

SLNOTNG AELTOLEYLOG .

= Ot petosvodpevol Yapuniod etcodnpatog eivar mavotepo v emdé€ovy Aewpopeto

VLo TY) ETAXIVYOY) TOLG UXTA T7) SLEUELL TOL HAELGLUXTOC

= O ehaotndmreg (Nmong uabwg uot ot exttuopeves a€leg YEOVOL TOL TEOUDTITOLY
amo Ttg pebodoug dedniwuévng mpotiunong eivat vAoTEEES e oyEon pe T Stebvn
BiBhoypapio not xwtod mbavd var ogethetar otV vobeTnyn Pdom ™G peuvag xxbwg
1oL GTYV AOLVAPLI TWY YENOTWY Var EXTIUNOOLY 0p0& TO TEAYUATIUG Y XQONTNOLOTIXG
NG METAiVNONG TOLG (MOGTOG, YQEOVOG), MOL UTOQEEL VO OYEIAETAL O OlAPOQOLG
TEAYOVTEG (T.). OTNY EARELYY] CUOTNUATWY TNAEUXTINNG OTIC OTAOELG TOOXELUEVOL VOl

extpnbet opba o ypovog avapovng).

[Moontina, 1o amoteAéopata Setyvouy OTL 1 petaAntotta (variability) pue v omola ot
UETANLVODUEVOL ETUAEYOLY TO EVUAAAXTING UECO UATX TY] OLAUOUELX TWY SLAUOTWV Oev elval
otabep? yie Olovg Toug petantvobpevous. AvTO 10 amoTéAecpa mEOExvde amd T

ovvdvaoTnn xENo1 Twv uedddwv amoraluntdpevnc/ dedniwpévng Tpotiunong.
KPITIKH AEIOAOTHZXH - ITPOTAZEIX I'TA TIEPAITEPQ EPEYNA

2ty napovoa ddantopwnt] dtatetPy yonotponomdnray téocepa Baoud YaQAATYOLOTING
VLot TNV TEQLYQAPT] TWV EVXANXATIXWY ETAOYWY TOL TELQXAUATOS T1G OEONAWUEVNS, XWEIS Va
ApBavetar vTody N EMEEOY AAAWY YXEUXTNELOTMWY Tov Thavwg vo emneealovy TNV
eMAOYY] hECOL GE TMEPIMTWGY] SLanonNG (OTWS Yot TUEADELYPO 7] «AVECT Kot 7] «aELOTILOTIoN
TOL UETAPOEIMOL WUECOVL). X1 Oedouevy) épewva, amoxielotnay ot  Aemoypapinég
XTXVTNOELS OTIC OTOIEG Ol EOWTWHUEVOL ATAVTOLOXY EMAEYOVIAG TAVTA T EAULOTIXOTEQN
eminedo TIUWY EVOG OLYUEXQLEEVOL péoov mavta, xxbwg, pe Paon mavta 17 Sebvy
BiBhoyoaypia, 1 TrpoLGl ASEMOYOAPIMOY ATAVTNOEWY VoL SLVXTOV Vo OBNYNOEL G
AovOoopevn) LTEEEXTIUNOY TG EMMEQEONG XATOLWY TEaReTEWY. Me oty Opwe ) pebodo,
eEolQOLPE TOLG UETAUVOLPEVOLG TIOL EYOLY «IOYVEY] TEOTLUYON» TEOG VA GLYUEUQLUEVO
evadloxTno péco. Ou Ntay evilapepov Aomoy va auyxEtdody T aTOTEAECATA, AV ElYXUE

oL meEtAdBel TIG AEUOYQXPIUES ATIUVTNOELG.
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BEva andun petoventuo g pevvag, anotelel 1 eAAew)r 11g SuVaTOTNTAC TEOCAEUOYNG
TOV EMTESWY TLUOV TV YXQUUTNOLOTIMOV TIOL THEOLOLGLOVINL OTOLG EQWTWUEVOLS
omEtlOpevol o8 TEAYUATIHG ETUTESH AVAPOOAS TwY EQWTMUEVWY. Xe avtd Bu Bonbodoe 7

xonon eetduevpévev teyvoloynay epyakelwy/hoyopxol, Onwg to WinMint.

H yonon ¢ teyvoroylag péow ovoxevwy bluetooth, GPS Oa propovoe va cupfdiiet ot
OLAAOYT] OTOUYEIWY OO  TEQLOOOTEQO QVTITEOCWTELTIMG  Oelypa TANOvopod xot  pe
ueyohvtepn oampiferx  (my. oo wEa  avaywENoNG, ONpElD  TEOEAELONG, axELPBN

NATOUYQUPY| MUEQY|OLWY UETANLVIOEWY XAT)

Teéhog yonopa cvpnepacuxta o umogovoav va e€aybodv, av Ntay duvatod va emavakngbet
7 WeleTn Yoo dAkeg autieg Stanomyg Asttovpyiag Twv Méowv Xtabepnc Tooytag, Omwe yro
noEadelypa, AOyw emavalapBavopevey  amepytwv ot MMM,  éxtoaxtwv  rotpemv
PULVOPEVWY, ATTOXAELOUOD UELOVOUEVWY OTAOU®MY OTY] SLAEHUELX EXTAUTWY GUUPBAVTOV Kot Vo
pueretnfel 1 mEobeon Twv petontvoduevwy Vo aveBUAAOLY Y] VO OULEOCOLY LK

TOOYQXUUUXTIGUEVY] OQAGTYOLOTYT YL UATOLX AAAY] YQOVINY] GTLYWUY].

Ta anoteléopota ¢ StxtErg xabwg ot ot e€lowoelg YONOIUOTNTAG TOL TEOEXLYAY
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CHAPTER ONE INTRODUCTION

1. Introduction

1.1  Disruptions in Metro Systems Operations: An Overview
In 2010, more than half of all people lived in an urban area, and by 2050, this proportion

will increase to 7 out of 10 people'. Currently, around half of all urban dwellers live in
cities with population between 100.000 — 500.000, and fewer than 10% of urban dwellers
live in megacities (defined by UN-HABITAT as a city with a population of more than 10
million) (WHO, 2013).

Along with population growth, metropolitan cities have experienced unprecedented
growth in car usage in the last 20 years. To deal with this increase, Transit Authorities
around the world are planning Metro (Subway) extensions to provide a framework for
the overall future expansion. As we live in an era of globalised recession, the need for
expanding Metro systems is vital and the need for these systems to serve the larger
communities is ever increasing. The subway (Metro) system is considered as one of the
critical lifelines of large metropolitan cities. Along with the road transport system, its
ability to connect spatially different locations is vital for the accessibility and welfare of
people and the economic efficiency of businesses (Jenelius and Mattsson, 2012). These
systems are considered to be the most reliable public transportation modes as a result of
their dedicated corridor and advanced technologies of operation. These systems also
provide high-capacity performance and high frequency of service which is totally
independent from other traffic, road or pedestrians. Due to their high capacity, Metros

play a key role in reducing congestion in rapidly growing cities.

By 2010 worldwide there were over 160 systems in 49 countries and over 35 under
construction (Urbanrail, 2012). It is not uncommon though for such systems to suffer
from occasional disruptions. As Metro systems are usually integrated with and feeding
into other modes of public transport, a sudden or unexpected or even programmed
disruption of the system can significantly affect the entire network. Unlike buses, a
disruption in a Metro line segment, a train malfunction or even a temporary loss of
power will practically halt, prohibit, or restrain movement of trains along the line(s), since
in most cases Metro lines cannot be detoured and locations of crossovers for turn-backs
are limited and therefore, will adversely affect a large part of the Metro systems
(Kepaptsoglou, 2009). Commuters disrupted by significant improvements of the subway

network (e.g. new signal system, replacement track works) experience disturbances that

Uhttp:/ /www.who.int/gho/urban_health/situation_trends/urban_population_growth_text/en/
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force them to alter routes or modes, to avoid disruptions. Transit strikes may reroute
traffic, resulting in missed medical appointments, lost jobs, or curtailing of social
activities (Urban Transportation Showcase Program 2012). These situations are of
particular interest to transport operators as they need to plan ahead for such
contingencies to avoid patronage loss in the long-term. Recent examples of subway
closures in the London Underground (London Assembly Transport Committee 2011;
2012), the Metro de Madrid (Annual Report Metro de Madrid 2010), and the Athens
Metro are cases where closures lasted from several days to few months. Following a
major disruption, it is generally difficult to determine how long it takes for network
operations to fully recover; travelers may either adjust their travel decisions or experience

significant delays.

Subway network closures caused by events such as unforeseen technical breakdowns,
strikes, or planned infrastructure upgrades are not frequent, but when they occur they
disrupt public transport operations significantly. Kepaptsoglou and Karlaftis (2010)
discussed how critical the protection against these failures is, and explained that any
service disruption can result in the degradation of a subway’s capacity, leading to
unsatisfied demand and trip delays since commuters expect to arrive at the published

time.

The protection of critical infrastructure against failures has been widely recognized by all
European Member States in national and international activities (the legislative
instrument for the European Program for Critical Infrastructure Protection is the
Council Directive 2008/114/EC). These failures though, may be a result of both
technical (maintenance and reliability) and anthropogenic causes such as personnel

strikes and power outages.

When transit networks are disrupted - by transit strikes, major renovation track works
and power outages — the routine travel behavior of millions of travelers can be affected
particularly within congested metropolitan areas. Transportation disruptions may prompt
drivers to begin using other types of transportation such as carpooling or even start
telework, habits that may continue once the disruption is over. In that context,
Transportation Demand Management (TDM) can help minimize such interruptions and
is also a unique opportunity to implement new transportation initiatives (Urban

Showcase Program, 2012).
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Disruptions are unique opportunities for municipalities, employers and transport
operators to implement new TDM measures such as guaranteed ride home programs,
discounted transit passes, telework or flexible work hours and marketing an online

information system for alternative transportation.

1.2 Demand Changes from Metro Line Closures

As discussed, establishing alternative means of transportation for Metro passengers in
wake of a service disruption, is a key responsibility of urban transit authorities (Boyd et

al, 1998).
During a Metro closure passengers may consider the following alternatives:
= Cancel the trip,
* Postpone the trip,
® Reschedule the departure time of the trip,
®  Use alternative modes, walk, ride a bike, use existing or replacement bus services,
= Use carsharing or carpooling,
* Move to a friend’s/relative’s house to be closer to workplace, and
= Telework/Work from home.

The response of travelers to a Metro closure depends on the nature of the disruption that
drives the above mechanisms. Disruptions vary from those which last a few hours to a
few days or even a few months. It is also important to know whether the disruption
refers to a full closure of the network or to a partial closure of the Metro network. The
choice of mode also depends on the available information the passenger has on
alternative transportation. The diversion of passengers to alternative modes depends also

on socioeconomic criteria, car availability, flexibility of working hours etc.

Demand changes and potential changes in mode choice from Metro line closures play
themselves out over long time horizons following a Metro closure and it is generally
unknown whether they will have a permanent character. For example, a long-term
closure of a Metro network may lead travelers to explore alternative routes which may be

more attractive, force some to relocate or shift to car use.
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1.3  Research Scope and Obijectives

Despite their practical importance and the frequency of these disruptions, there are no
available studies that examine the effects of a long-term disruption on traveler choice of
mode during the closure. Planned closures may force passengers to adopt their
temporary habit of altering route. In order to discourage commuters from shifting to
their car and mitigate the impact of the closure on the road network, it is important to
understand the reasons behind this choice and explore alternative ways to persuade
commuters to stay on the public transport network post-disruption era. In this context,
this research focuses on altered travel patterns related to Metro service disruptions.
These include analysis of travel patterns during a Metro closure and the comparison with
normal travel patterns. The study aims to explore altered travel patterns during Metro

closures by exploring the reaction of three categories of travelers:

1. Travelers who remain on the partly disrupted network during the disruption and
use the operating parts of the line and any alternative means —if any- provided by

the operator for the non-operating parts of the line,

2. Travelers who during closure shift to alternative modes, and return to the Metro

system after the line’s restoration, and
3. Travelers who adopt an alternative mode even after the line’s restoration.

For this analysis we use Revealed Preference (RP) and Stated Preference (SP) techniques
to explore the importance of trip and traveler characteristics (i.e. travel time, cost, and
previous experience of travel) on travel patterns during a Metro closure. The analysis
uses econometric models and appropriate elasticities based on discrete choice theory to

capture user preferences during a Metro closure. Key research questions are:

1. How does a Metro closure affect travelers? What are their reactions to such

disruptions with regard to the choice of mode?
2. Which alternative mode do they use during the disruption?

3. How sensitive are Metro users to increased travel times duting distuptions of

Metro operations?

4. Which parameters play a significant role in choice of mode during a Metro

closure?
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We note that longer-term changes in passenger behavior (such as the relocation of

homes or offices) were outside the scope of this work.

1.4  Research Approach

Figure 1-1 highlights major steps completing the research activities of the dissertation.

The light blue boxes refer to the topics of the chapters.
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Detailed description of chapters

To give an overview of the structure of the dissertation, we will now look briefly at the

contents of the chapters:

Chapter One: This chapter presents the purpose and outline of this dissertation. This
includes an outline of key research questions of this dissertation, followed by an outline

of the dissertation content.

Chapter Two: This chapter provides a state-of-the-art review which includes a review of
studies on urban network disruptions (Metro and road) and travel behavior, along with a
review on SP and RP preference travel surveys. This chapter also presents a review of
existing work in the area of public transportation and emergency response and the use of
questionnaires to assess user perceptions. The concept of Metro network disruptions is
introduced and relations between various trip and traveler characteristics and mode
choice are described. Chapter 2 also looks at the Stated Preference and Revealed
Preference survey methods to capture user’s preferences on mode choice. This is
followed by a description of the orthogonal design method and the efficient design and a
discussion on the reasons why orthogonal design was chosen. After a review of existing
work on this area, the chapter discusses the development and design of the orthogonal
survey, the fractional factorial design, and the design coding. This last section in chapter
2 aims to provide the reader with the essential concepts that have to be understood in

order to avoid systematic bias and error related to SP design.

Chapter Three: A review on analytical tools and mathematical models used to analyze
questionnaires that were collected for this research is presented in this chapter. This
chapter presents the framework within which revealed and stated choices are modeled. It
describes the methodological approach to a mode choice related problem. To assess the
importance of the selected parameters related to trip and traveler characteristics after
presenting the random utility theory and the theory of utility maximization we devote
time in presenting one of the most basic discrete-choice models, the Logit model. We
also discuss behavioral and econometric properties of the Multinomial Logit model
(MNL), as well as direct and cross elasticities, probability predictions and marginal rates
of substitution. We then present the key model structure of Multinomial Probit model
(MNP), trying to relax the strong assumptions of MNL. The chapter looks at the use of

alternatives to Independence from Irrelevant Alternative (IIA) models and specifically at
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the Heteroskedastic Extreme Value models (HEV). This is followed by a brief in
introduction of the Nested Logit model which, like the multinomial probit model, allows

relaxion of the IIA assumption by splitting the alternatives into groups (nests).

Chapter Four: The case study area is presented in this Chapter. We provide a detailed
description of the Athens Urban Transport System. The discussion of existing travel
options within the Athens Urban Network will provide information about length of

network of the Athens Metro System and daily patronage.

Chapter Five: This chapter presents the design of a RP questionnaire to study the
impact of a 5-month Metro line closure. Chapter 5 acts as the introduction to the applied
part of the dissertation. In this chapter we examine the impact of a real Metro line
closure on the choice of alternative modes during the closure period. This is followed by
an analysis of the impacts of the closure on commuters during and after the line
restoration. The analysis uses Binary Logit models to explain the relation between

various attributes and choice of mode during the 5-month Metro Line closure.

Chapter Six: This chapter provides a detailed description of the design of a SP survey to
capture users’ preferences on choice of mode during a hypothetical Metro closure with
regard to trip and traveler characteristics. Chapter 6 discusses the findings of an internet-
based SP survey conducted to capture users’ preference during a 24hr scheduled Metro
strike making use of a MNL, MNP and HEV Model. The survey also collects data on
travelers’ responses with regard to their choice of mode during a recent Metro disruption
(if experienced). The responses to the survey and the results obtained from the
questionnaires and the SP experiment are provided in this chapter. A discussion of the

methodology and the results obtained is described at the end of this chapter.

Chapter Seven: This chapter discusses the advantages of combining multiple data
sources to estimate the unknown parameters in the utility functions of both RP and SP
models. The theoretical framework for the incorporation of different types of surveys in
econometric choice models is also presented in this chapter. The analysis uses Nested
Logit model to synthesize the datasets of RP and SP surveys. This is followed by a
discussion of the methodology used, the use of a scale parameter to equalize the scale of

the coefficients of the two models and the results obtained.
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Chapter Eight: This chapter provides a summary of the work discussed in this
dissertation, presents the conclusions derived from the entire research project, followed

by specific research contributions and future recommendations.
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2. Literature Review
The review presented in this chapter looks at existing work on public transportation and

emergency response and the effects of such disruptions on travel patterns. We then
discuss the two methods used to collect the appropriate data and then we discuss briefly

the design and analysis of RP and SP techniques to assess user perceptions.

The discussion in this chapter is structured as follows: after a brief review of the different
types of Metro disruptions in section 2.1, we look at various studies that have addressed
the effects of public transport disruptions on travel patterns in Section 2.2. This is
followed in Section 2.3 by a discussion of the impact of urban highway network closures,
transit strikes, engineering works, human-caused disasters and terrorist attacks on traveler
responses. We then look at various factors that affect the travel patterns of the affected
population. In section 2.4 Transportation Demand Management measures are briefly

presented.

In Section 2.5 we review studies that relate choice of mode and scheduling choice, while
on Section 2.6 and 2.7 we review studies related to psychological factors affecting choice
of mode, and factors affecting loyalty of currents users of transit, respectively. In section
2.8 we briefly present various methods of travel surveys while in Section 2.9 we present
the SP method and its best-known techniques such as Orthogonal and Efficient design.
We present a brief review of the main concepts of the methods and a detailed discussion
of existing work on these methods. In Section 2.10 we present the RP technique and
provide a brief review of existing work on this method. The chapter closes with a
comparison of the two methods in 2.11, a description of the process of pooling RP and

SP data in 2.12, and a summary in 2.13.

2.1  Types of Disruptions

Unlike disruptions in general, a transportation disruption can occur as a result of a subset
of the drivers identified by Chopra and Sodhi (2004), which include natural disasters,
labor disputes, terrorist activities and infrastructure failures/upgrade. A transportation
disruption can fall in the category of supply-chain problem, as any disruption in the
transportation network can seriously disrupt or delay people, material, and cause capacity
issues in the entire transportation network. The response and the effectiveness of the
measures taken by the transport operators, municipalities and authorities depend on the

organization’s level of preparedness and the type of disruption.
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Valdés-Diaz et al. (2005) reviewed the ineffective system operations of transit systems.
The authors report that disruptions are caused by several factors such as brake system
failure, door failure, train control failure and incidents inside the vehicle. Among the first
four causes of disruption on the Metro line of a total of 1156 incidents that the authors
reviewed during the operation throughout a year are: disruptions associated with the
brake system, automatic train control and station overrun (Valdez-Diaz et al., 2005).
They also report that the disruptions that caused the longest delays are jump incidents
(when an unauthorized person jumps on the tracks), fire and smoke, signal failure, track
failure and propulsion and power failure. Other reasons may concern public related
issues, or other miscellaneous events. Results indicated that the delay/headway ratio
analysis could be a good indicator for heavy rail (Metro) systems. The authors also
highlight the importance of an updated and accurate database of the disruptions

occurring in the system.

Service disruptions may be either planned or unplanned. Planned service disruptions can

be broadly categorized in the two following broad categories:
* Planned engineering track works

* Planned metro station closures for security reasons (e.g. major riots/protests in

the city centre)

Pender et al. (2012) categorizes the causes of unplanned metro/train service disruptions:

Intrusions/Medical Emergencies-includes suicides, track intrusions, railway

crossing/incidents and sick passengers;

*  Weather/Natural Disasters-includes extremes of weather (typhoon Sandy) such as

snow and heat waves and natural disasters such as earthquakes and cyclones;

® Track-includes all track-related issues including problems resulting to power

failures, signaling and crossovers;

= Other trains-includes disruptions caused by other passenger trains or freight trains

that share the network; and

* Rolling stock-includes all rolling stock issues ranging from door obstructions to

train failures

11
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Personnel Strike

Depending on the nature of the cause of the disruption, various types of responses to a

Metro closure may be observed.

These may include:

Some trips will be cancelled.

Some trips will be delayed.

Some trips will be postponed to later start or finish time.
Travelers will shift to alternative modes.

Travelers will adopt the alternative modes if satisfied.
There will be a loss in patronage and dissatisfied travelers.

Longer travel times: this may occur either because travelers are forced to take
circuitous routes from origin to destination to avoid impassable links, or as a
result of traffic congestion that is caused by the diversion of traffic away from

impassable links.

Increased travel cost: this may occur either because travelers are forced to travel
by car to destinations where parking is not provided free for them, or pay an extra

fare to travel by taxi, or even share the cost of traveling by car with someone else.

Increased travel inconvenience and general dissatisfaction due to longer travel
times, increased travel cost and uncertainty in arrival times. As a result of the
traffic congestion, Public Transport Modes are expected to offer unreliable
services (more crowding, longer travel times unless running on dedicated bus

routes).

The size of the disruptions is affected by various factors. These include (TRB Special

Report, 2008):

Advance notice/no notice: an important factor because it allows time for travelers
to make decisions in advance of their route and consider all alternative routes and

modes. In case of no notice, Metro users are required to act immediately.

12
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Type (natural/human caused)
Time period of day/week (peak, off-peak, weekday/weekend)

Duration (hours, day, months): the time of the day is a significant factor as safety
issues may arise during night and travelers may consider safer ways of travel. It is
also important if considered in relation to the purpose of the trip. Most trips
during weekdays are done for commuting purposes and cannot be cancelled or
postponed on a frequent basis, while trips during weekends are related to social

activities and may be easily cancelled or postponed.

Regarding the transit system the factors that affect the size of the disruption can be

summarized below:

Size of the network

Characteristics of the urban area/population
Population of the urban area affected (size, density)
Socioeconomic characteristics

Population age

Income

Immigrants-cultural: cultural ethics are also important as some people are heavy

users of transit

Communication and information systems are also important as these systems may
prove very useful and helpful in a programmed or even unexpected event. The
need for transit operators to provide information of the incident and inform the
public of replacement services if they exist or alternative routes is vital. This

notice has to be translated in multiple languages.

Travelers’ previous experience with a closure: this factor is considered very
significant as travelers’ (public) previous experience with closures of the Metro
system and good knowledge of the transportation system can affect their travel

route chosen during the incident.

13
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2.2 A Review of Metro Service Disruption Studies

Although major incidents such as network disruptions, train accidents, fires, floods, and
terrorist attacks occur from time to time and have been an issue for transit agencies and
transit management since the development of modern public transportation (Boyd et al.,
1998), previous research on the effects of transit service disruption is limited (Balog et
al., 2003; Zhu et al, 2008). Existing studies showed the important role of experience in
travel decisions, which has been frequently expressed in theoretical studies (Zhu S. et al,
2008). Early work has focused on emergency management and general analysis of travel

behavior during Metro closures.

As reported earlier in Section 2.1 many trips that occur despite a Metro closure will take
much longer. As a result there will be lost days or even days. Lost sales, lost production,
and longer commuting travel times, due to circuitous travel or traffic congestion. Crisis
situations (i.e. transit system disruptions, fuel shortages) are unique opportunities to
implement actions that under normal circumstances would not be adopted or would
require a long project approval process (Meyer and Belobaba, 1982). Table 2-1
summarizes briefly the findings of related studies to transit strikes as reported by Zhu

and Levinson (2011).

Table 2-1 Related studies to transit strikes (Source: Zhu and Levinson, 2011)

Traffic Peak Leave Cancel ;I‘ransit 'tTra'nsit Change Longterm
Year Duration increase hours earlier trips coa ool di}i(\lre route losses in
(%) (%) (%) (%) o /or)P oo (%) ridership
New York ohto
City 1967 13 days 4h 10(50%) 16,7 50 2,1-2,6
ngb“fgh’ 1976 5days  20(40¥)  Spread 65 2837+ 10 18
Knoxville,
TN 1977 6 weeks 7-16
Orange 1981 21 days 15-20
Country, ’
CA 1986 15 days
Netherlands 1995 4 weeks 10 30 0,3-2,0
Amsterdam, 1999 1 day 10(18**%) 10 15
Netherlands
Los 0,
Angeles,CA 2003 35 days 200%

* On the first day of strike
** Dropped off by a non-commuter, presumably the spouse
*#* Percentage for departure later

Though strikes in public transport occur frequently, studies of strikes are rare (Van Exel

and Rietveld, 2009). Van Exel and Rietvield (2001) reviewed 13 studies of strikes in
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public transportation systems between 1966 and 2000 - in Europe and in the United
States - to determine their effects on travel patterns. Results indicated that captive users
are the ones affected the most, particularly commuters without alternative modes of
travel. They concluded that between 10% and 20% of travelers - mainly commuters -
cancelled their trips altogether. This percentage was much higher for trips by the elderly
and the disabled, as well as for leisure trips. Most travelers switched to private cars while
others used bicycles, alternative modes of public transport, or shared rides with friends
and colleagues. As this study refers to a previous century and may be considered out-of-
date in year 2013, the need to update the findings of this study and enrich with new data

from actual Metro closures in the city of Athens is more critical than ever.

In recent years, London’s Metro (tube) has experienced some of its most severe winter
weather resulting in extensive disruption to transport networks and travel problems to
millions (DfT, 2011). Except for closures due to extreme weather conditions, London’s
Tube weekend maintenance closures raised concerns to transport authorities as for losses
in ridership. As reported from the Transport Committee of London Assembly, traveler
“key irritations” during Metro upgrade works are longer journey times, “broken
journeys” and paying for a substandard service. The Committee’s report shows that
passengers are forced to adjust their lives to accommodate Metro closures, often by
cancelling journeys or, in the case of evening closures, by changing social arrangements
in order to travel home earlier. Passengers are particularly sensitive to multiple line
closures affecting a particular area and closures which coincide with big events such as

sporting events (London Assembly Transport Committee, 2009).

Bjornskau (1999) describes the effects of a 26-day bus strike in Norwegian cities. He
argued that during the strike some travelers chose to work at home or take time-off, but
the majority went to work. However, many people travelled at other times. As expected,
traffic increased substantially in the cities, but the road traffic increase in the Oslo area

was quite modest, possibly because of the extensive Tram and Metro networks available.

For nearly a month in the region of Ile-de-France (Paris and surroundings), almost all
public transport was affected by a strike (Coindet, 1998; Lapiere, 1998). About 50% of
captive public transport users switched to car, thus resulting in increased congestion and
journey times to work by 70%. Commuting behavior was almost fully returned once the

strike was over (Coindet, 1998).
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Planned closures may provide commuters with the opportunity to explore alternative
ways to commute and especially adopt this temporary habit to routine (Zhu and
Levinson, 2010; Van Exel and Rietvield, 2001). To minimize the percentage of
commuters who shifted to car and mitigate the impact of the closure on the road
network, it is important to understand the reasons behind this choice and explore
alternative ways to persuade commuters to stay on the public transport network post-

disruption era.

Darmamin et al. (2010) examined the consequences of disruptions on the Metro Train
Melbourne and developed a mathematical model to minimize commuter discomfort; the
model included a number of operational constraints. They proposed using existing bus

lines as an alternative to deploying charter buses during a disruption.

Harris and Ramsey (1994) examined passengers’ short-term responses to service
disruptions on London Underground Line using appropriate elasticities. The authors
applied a network modeling software to simulate passenger response to system failures
caused by the life-expiry of the physical infrastructure, in order to estimate the passenger
disbenefit and the interchange penalties. Their modeling assumes that the generalized
cost of a trip is an expression of different elements of a journey (fare, waiting time,
access/egress time, in-vehicle time, and etror term). Their analysis indicated that the
effects of the closure were not only felt by passengers attempting to travel on the
affected line segment. Due to limited capacity of some train reversing points, trains were
running on reduced frequencies leading to a less attractive service through longer waiting
times and increased crowding. The model suggested that many passengers would forego
the trip rather than make it by public transport with the likely disbenefit of at least 20

minutes per single journey.

Pender et al. (2012) explore the manner in which rail transit organizations plan for and
manage unplanned service disruptions through interviewing staff responsible for service
disruption management of 48 transit agencies. Bus bridging was reported as the most
common response to line blockages. Results from the same study suggest that only 11%
of agencies had parallel transit systems which can be used for riders on disrupted
services. The authors report that most agencies used available spare buses to source bus
bridging vehicles, however it didn’t cover the entire rail corridor (63%), or even if it did

run along the disrupted corridor, there would be capacity restraints (6%0).
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Planned or unplanned degradations of the subway transport system may have severe
consequences and affect the entire transport system (primarily the road network and the
bus network), of a large metropolitan area. Although this problem is quite significant,
researchers have mostly explored disruptions in the road transport system (Wesemann et
al., 1996; Zhu et al, 2010). In summary, travel-pattern changes during disruptions in
transportation systems have not attracted considerable interest in the literature, despite
the practical importance it has for planners and policy makers. Disruptions on Metro
systems resulting from maintenance upgrade works occur occasionally; however, there
are no available studies that examine the effects of a long-term disruption on traveler

choice of mode during the closure.

Though highway networks and public transportation networks are different, the same
principles apply behind the demand-supply chain. Still, the differences between highway
network closures due to natural disasters and transportation system disruptions are
substantial. In the latter case, more advanced warning is given in most cases. However,
we may assume that the mechanisms behind the choice of mode are more or less the
same and the insights gained on travel patterns gained from road network closures are

relevant to urban public transportation disruptions.

2.3 A Review of Studies related to Urban Highway Network
Closures

Although a comprehensive review on the literature on urban highway network closures is
given in this section, particular emphasis is placed on transportation systems disruptions

and their effects on travel patterns.

Highway network closures due to human-caused disasters or major accidents have
attracted attention in the past. Several studies have examined the travel behavior impacts
of major reconstruction projects (Fujii et al., 2001; Devine et al., 1992). Various studies
have quantified the effects of a strike on traffic (Sermpis, et al., 2007), mainly exploring
the change in the modal split of the trips (Marmo, 1990; Blumstein and Miller, 1983;
PbIVVS, 1984; Bonsall and Dunketley, 1997), and the extension of peak-hour periods
(Coindet, 1998; Lapierre, 1998; Lo and Hall, 2000).

Sermpis et al. (2007) describes the effects of a 24 hour strike of all Public Transport
modes, on the road network on December 15", 2005 in Greece. The authors argue that
the strike would not result in the mode shift of all trips made by public transport modes

to alternative transport modes due to the participation of Athenians to strike, who would
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cancel their trips to work anyway. The authors estimate the effect of the strike on the
traffic patterns in the Athenian roads by analyzing traffic data on major arterials. The
traffic data of that day was compared to the average values of all Thursdays of a typical 3

months period.

Post-disruption travel pattern changes in transportation systems has attracted only
limited interest in the literature, despite the practical importance it may have for planners
and policy makers. Gigerenzer (2006) investigated reactions of US airline travelers
following the attack on September 11th. He suggested that for almost a year following
the attack, Americans reduced air travel and a proportion of those who did not fly, drove
to their destination. He also argued that the attack caused significant ‘indirect impact’ on
people choices, keeping them away from their usual choice of transport mode for longer

periods of time compared to the effect of the bombing attacks in Madrid in 2004.

Fasolo et al. (2008) examined traveler responses to the terrorist attack on July 7" 2005 in
London. Their dataset included weekly passenger volumes in the London Underground
and Buses from 2002 to 2006. Findings showed a 12.8% drop in weekday subway
ridership in the week following the attack. They also found that LLondoners avoided the

two modes attacked by terrorists and instead started using bicycles and motorcycles.

2.4 Transportation Demand Management and Contingency
Planning for Network Disruptions

When transit networks are disrupted - by transit strikes, major renovation track works,
extreme weather conditions, power outages - entire cities can be affected. Transportation
demand management (TDM) can help minimize such interruptions and is also a unique
opportunity to implement new transportation initiatives (Urban Showcase Program
2012). Transportation disruptions may prompt drivers to begin using other types of
transportation such as carpooling or telework, habits that may continue once the

disruption is over.

Disruptions may become unique opportunities for municipalities and employers to
implement new TDM measures such as guaranteed ride home programs, discounted
transit passes, telework or flexible work hours and creating an online information
network for alternative transportation. In the city of Ottawa for example, in December
2008, transit personnel went on a 50day strike. To mitigate the effects of the strike, a
series of initiatives were designed to help commuter travel. The measures included

maintaining primary walking and cycling routes, providing discounted car parking rates
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for car-poolers, offering a bus-lane to improve traffic flow, and assisting elderly and
those with disabilities with paratransit service. The measured impact of these measures (a
month after the strike ended) indicated an 18% increase in transit ticket sales and 6% in

transit passes.

The area of Urban Transportation System Disruptions is not new. It has been subject of
research for many years, especially on the side of contingency planning. Meyer and
Belobaba (1982) examined contingency planning processes used in three different
emergency situations with serious gasoline shortages and with interruptions to urban
mass transit services. The authors reviewed the implementation of the contingency
measures taken from three different authorities in three US cities during these
disruptions in urban transportation services. Note that, at that period (in the 1980’s) with
the increasing uncertainty over government subsidies for public transport, the likelithood
of future disruptions to urban transportation systems was quite high, as it is today in

2012.
Key approaches under either scenario are (Pender et al., 2012):
= Commuters to make use of alternative transport
= Altering train stop patterns
* Bus bridging
= Hiring taxis
* Improving frequencies of existing bus routes
= Suspending service and offering no alternatives to disrupted commuters

® Re-routing trains onto other operating train lines of the same network

2.5 A Review of Mode and Scheduling Choice
The possibility of flexible working and scheduling choice possibly has some effect on

choice mode. But what about during Metro closures? Is this factor considered also

significant during such events?

McCafferty and Hall (1982) estimated a Multinomial Logit model of three period
departure time choices and then tested its stability by re-estimating the model after an

exogenous effect of road closure which is expected to affect the schedule choice. Though
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they estimated their model with only people with flexible working hours, their results
showed a strong bias towards travel during peak hour. The conclusion the author
reached was that this is evidence that flexible working hour may not be an important
factor in schedule choice and probably it is guided by some other socio-economic

factors.

Hendrickson and Plank (1984) also argue that mode choice should consider scheduling
choice as characteristic of travel varies by time of day. The authors used data collected in
Pittsburgh, consisting of 1800 workers in Central Business District and independent
measurement of travel times and transit wait times. They estimated a logit model of
simultaneous mode and schedule choice. Their value of time calculations show that
access time to transit was the highest value followed by the waiting time. They also

showed that lateness is more onerous than early arrival.

Pells (1987) argues that people decide on a safety cushion (time allocated for unexpected
delays). It is generally assumed that early arrival is more onerous than staying home and
they also value late arrival more than staying at home. Thus people maximize the time
spent at home subject to the constraint of tolerable lateness. The author estimates the
slack time substitution effect by a SP experiment. People were asked to select between
pairs of travel time in which one had a reliable arrival time and the other was a cheaper
option with some degree of risk. People seem to leave home later as the reliability of

service increases.

2.6 A Review of Psychological Factors and Mode Choice

Mode choice is believed to relate to several psychological factors including habits, social
norms and attitude (Heinen, Van Wee & Maat, 2010). Johansson and Helt and Johansson
(20006) support the selection of psychological factors in mode choice selection as they
found these attributes to be more explanatory than gender and age. Other factors to
influence mode choice as reported in the literature are the preference for convenience,

comfort and flexibility (Johansson and Helt and Johansson, 2000).

Although discrete choice modeling assumes that people always consider every factor or
alternative for their trip decisions, this is not true in repetitive decisions. Gerike,
Bamberg and Shmidt (1994) support that travelers rely on the decision making process

that they employed last time they were required to make the choice.
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Previous research on past behavior or on habit measure has not reached a conclusion on
whether a general habit can have an effect on mode choice. Bamberg et al. (2003)
support that former car users show a strong behavioral reaction even to small, relatively
inexpensive interventions. The data used did not support the hypothesis that habit

influences behavior.

2.7 A Review on Factors Affecting the Loyalty of Current Users of
Transit

Li et al. (2013) proposed a method of analyzing factors which affect the loyalty of current
users of transit. Their analysis concluded that transit service quality is the most important
factor impacting transit passengers’ willingness to pay. The authors define service quality
as a stream of 7 wvariables (comfort, timeliness, reliability, convenience, freedom,
economic cost and freedom). Four of these variables (comfort, safety, convenience and
timeliness) were found to play a decisive role. The authors fail to find evidence on
supporting that the improvement of transit service quality could lead to a mode shift of
car users to transit or restrain transit users from using car. In this study though, transit

users were restricted to commuters who do not own a private car.

2.8 Travel Surveys

Surveys can be distributed in person, on the phone, through the mail, via a web site, or
email, etc. Internet-based surveys have started gaining ground recently and are mostly
preferred as they are less-expensive and time consuming. Before launching a survey it is
advisable to have a focus group testing the survey and giving feedback. This group of
people will discuss the individual questions, correct and update if necessary. Just after

evaluating the survey from a group of professionals you need to test it on random

people.

In the past social media were used for marketing, political candidates for their election
campaigns, information networks for news updates, companies for recruitment and,
most recently, nations for revolutions (Efthymiou and Antoniou, 2012). The authors
conclude that this type of data collection is preferable for transport surveys, since they
are integrated with email providers. This method has been used in other related transport
surveys (Amey et al.,, 2011; Bregman, S, 2011; Grigolon et al., 2011). Another survey
conducted by Focus Bari, in 2010', reported that only 29% of people aged 35-44 use

' WEB ID, 2010, Focus Bar, under the supervision of the Observatory for the Greek Information Society.
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social media. The same shares increase for younger people aged 34 and less (52% of

people aged 25-34 and 72% of people aged 18-24).

Web surveys can track responses using IP addresses and may reduce bias, as it is able to
track responses from people living outside the target area. It may also reduce bias since it
records the total time needed for completing the survey. It is assumed that long recorded
times may reveal fatigue during questionnaire completion and it would be safer to be
excluded from the final data sample. The reasons why researchers prefer to collect data
based on web surveys are (1) the web-based survey is relatively inexpensive, (2) may be
easier for respondents to answer, (3) is environmentally friendly, (4) it has quick response
time and saves considerable processing effort and (5) question branching is
straightforward, so only the relevant responses are presented based on responses to
earlier questions (Bhat and Sardesai 2006). As Dilman (2000) notes, the use of electronic
media poses new and different issues regarding strategy, design and dissemination of a
survey. For regular internet users, the Web has been found to be a useful means of
conducting research (Kaaplowitz et al 2004; Couper 2000). However, with internet-base
surveys the researcher cannot control the target group and surveys do not reflect the

general population.

As expected internet-based surveys are vulnerable to biases. Theoretically the collected
sample should be random, and it should cover all ranges of age, income and educational
level (Efthymiou and Antoniou, 2012). However, according to a recent research in
Greece only 35% of people aged 45-54 used the internet in the last trimester of 2010
(www.observatory.gr). The shares drop for people aged 55-64 to 15%, while the highest
share of people that use internet falls in the category of people aged 16-24 years old.
Only 49% of men used the internet the internet in the last trimester of 2010, while the
same share drops to 40% for women. Not surprisingly 76% of highly-educated people
used the internet in the last trimester in 2010 in Greece, while only 16% of low educated

people did use it.

Among the candidate survey softwares we chose kwiksurveys software
(www.kwiksurveys.com). ~ Other  commercial  softwares are  Surveymonkey
(www.surveymonkey.com), Google Documents (google docs), wuffo (www.wuffo.com),

and surveygismo (http://www.surveygizmo.com).
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2.9 A Review on Stated Preference Techniques

The decision making process of people under emergency/distuption conditions is a very
complex issue influenced by a number of different factors, such as the type of the
disruption, informer, socio-economic characteristics of users, and previous travel
experience. On the other hand, the prediction and accurate simulation of user behavior is
essential to optimize the emergency response and management system and minimize the
effects of the disruption on the entire network and population. To deal with these
problems and determine the independent factors that influence the decisions made by
individuals, we use available data or in the absence of any data we organize the collection

of relevant data.

Historically, there have been two methods for collecting data: RP and stated choice
methods. In the first method, we usually ask respondents to reveal their actual choices.
In cases of Metro line closures, ridership is affected as a result of passenger shifting to
alternative modes (buses, private cars, taxis). However, this behavioral change is not
identical for all travelers. It frequently has only short-term effects, with many travelers
reporting that they do change back to using the Metro once the service is restored (Rubin
et al., 2005). These situations are of particular interest and hence need to be analyzed in
two phases: 1) during the closure of the subway network and ii) long after the system is
restored. To explore the change in travel patterns during the closure we would use RP
data, because these techniques explain better actual behavior. To be more specific, RP
data collected by observing data in real situations are used in this research study to

interview two categories of travelers:

* Travelers who post disruption return to the usual mode of transport and

therefore, can be easily identified and interviewed,

* Travelers who during the disruption used alternative modes for the disrupted part

of the line, and following the disruption continued using the Metro lines.

However, in order to capture those travelers who intentionally shifted to alternative
modes during the closure we need to use SP data, because we are dealing with a
hypothetical scenario of a subway closure that travelers may or may not have experienced
in the past. As mentioned in Chapter 1, the scope of this dissertation is to analyze the

travel patterns of the affected travelers.
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SP methods belong to a family of statistical tools which use disaggregate data to capture
personal preference of public regarding a hypothetical set of choices (in our case in the

transport area), in order to develop utility functions of each mode.
The purpose of this section is twofold:

® to describe briefly the benefits of developing a statistical tool so as to investigate
the responsiveness of potential and actual participants in a programmed 24hr

Metro closure, and

* to demonstrate the benefits of using an SP design.

2.9.1 Review on Stated Preference Studies

Since SP data represent choices ‘made’ or stated in hypothetical situations, it may lead to
situations where the respondent does not consider personal constraints at the time of the
choice. The realistic design of the SP experiment should make the hypothetical situations
as realistic as possible. The mathematical and statistical data analysis of these methods
leads to the development of mathematical models that give the researcher the
opportunity to decompose the overall preferences or choices as provided by the

respondents into utility weights associated with the factors (Kroes and Sheldon, 1988).

SP methods use specially constructed questionnaires to elicit estimates of the Willingness
to Pay (WTP) for or Willingness to Accept (WTA) a particular outcome. WTIP is the
maximum amount of money an individual is willing to give up using a mode in our case.
WTA is the maximum amount of money they would need to be compensated for

foregoing a good (switching to another mode) (HM Treasury, 2011).

The beginning of SP methods/techniques goes back to the eatly 70’s when these
methods were initially developed and used in marketing and are very widely used ever
since. In transport, these techniques first received attention in the United Kingdom in
1979 (Kroes and Sheldon, 1988). First publications were by Steer and Willumsen (1981)
and Sheldon and Steer (1982). A SP observation is where one can measure what
individuals say they would (hypothetically speaking) do in a given context. The context
may be a planned policy such as the introduction of a light rail system, or the

introduction of a hypothetical closure of the current transport network.

The methodology adopted to capture all users preferences and responses to Metro

closures included the design and implementation of a RP survey and a SP survey. In the
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former case RP data were collected on travelers that either remained on the disrupted
network during the Metro closure or returned after the line’s restoration. In the latter
case RP data were not available and SP data were essential to capture the preferences on
choice of mode of all users plus the travelers that never returned to the disrupted

network, but even after the line’s restoration adopted an alternative mode.

SP data have been used to study many transportation related problems over the past two
to three decades, since they can be powerful instruments for studying hypothetical
scenarios (Bliemer et al., 2009). Examples of this approach in the transportation planning
tield include Hensher (1994) and Abdel-Aty et al. (1995). SP methods have been proven
useful when attempting to respond to a variety of transport research questions including
estimating demand elasticity for various service attributes including fare, frequency and
journey time (Kroes and Sheldon, 1988). SP techniques are more flexible than RP
methods because the individual can be presented with trade-offs and with hypothetical
questions/scenarios (Fawkes and Wardman, 1988). One of the most important
advantages of SP methods is that it gives researchers the opportunity to collect more

than one response per respondent and to extend the range of attribute levels.

However, since SP data are used to explore traveler patterns in stated and hypothetical
scenarios, SP studies are commonly criticized since they suffer from a variety of biases.
The primary drawback to SP data is that the patterns they depict is not observed (Mitcell
and Carlson, 1989), and thus they fail to take into account certain types of real market
constraints (Louviere et al., 2000). Further, individuals may not necessarily do what they
say (Kroes and Sheldon, 1988). Recent research indicates that combining stated and RP
questionnaires builds on the strengths and diminishes the drawbacks of each method
(Hensher and Bradley, 1993). In this study we focus on the analysis of the SP experiment
with respect to socio-economic characteristics of the travelers and questions regarding
usual mode of travel, usual travel time to work and flexibility of working hours, because
we target on all captive Metro travelers, even those who did not remain on the subway

network during the closure.

2.9.2 Stated Preference Techniques

There are several techniques within the SP family including the contingent valuation
method and the choice modeling method. Among those SP approaches are: (a) stated
intention, where respondents are asked to hypothetically state their intentions of action,

(b) ranking, which is considered difficult for middle-range alternatives and it is often
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replaced by best-worst approaches, (c) rating, which may differ greatly across
respondents and (d) transfer price or Willingness to Pay. The last one is subject to bias
especially when respondents hope to achieve some kind of discount or cheaper ticket in a

new introduced mode.

* Contingent valuation: when using this method the researcher needs to
determine the value by asking a willingness-to-pay or willingness-to-accept
question. This method focuses on the valuation of a non-market good as a whole;

and

* Choice modeling: in this method you typically present respondents with a series
of questions with a series of alternative descriptions of a transport mode or a
transport management strategy. The experiment consists of a set of SP games and
in each game the respondents are asked: “Which of these alternatives would you
choose?” Each alternative consists of attributes and attribute levels, for example
the alternative Rail has three attributes: travel time, travel cost and transfer. The
levels of the values that are allocated to these attributes are called attribute levels.

This method focuses on valuing specific attributes of a non-market good.

Hypothetical bias of choice experiments is becoming a major question in transportation
research (Hensher, 2010). The author suggests and offers sensible directions for

specifications of future choice studies:

1. the inclusion of a well-scripted presentation (including cheap-talk scripts),

explaining the objectives of the choice experiment,

2. inclusion of the opt-out or null alternative, avoiding a forced choice setting unless

an opt-out is not sensible,

3. pivoting the attribute levels of a choice experiment around a reference alternative
that has been expetrienced and/or there is substantial awareness of, and
estimating unique parameter estimates for the reference alternative, in order to
calculate estimates of marginal willingness to pay for an alternative that is actually

chosen in a real market,

4. the inclusion of supplementary questions designed to identify the attribute
processing strategy adopted, as well as a question to establish “the confidence

with which an individual would hypothetically purchase or use the good (or
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alternative) that is actually chosen in the experiment”; the latter possibly being
added into the choice experiment after each scenario and after an additional

response in the form of a rating of the alternatives.

5. identifying constraints that may impact on actual choices that might be ignored in
choice experiments, which encourage responses without commitment. Once

identified these constraints should be used in revising choice responses.
The usefulness of these methods is because:

*  We can estimate the demand for alternative transport services or new attributes to

existing services,

* We can examine how individual choices differ by age, gender, income, trip

purpose, etc.
We can examine hypothetical situations that do not exist in real life.

Recently, Train and Wilson (2009) introduced an SP-off-RP survey method, similar to
contingent valuation method, where they ask the users if they would change their choice
under specified conditions. Respondents are not asked to determine their willingness to

pay directly as in contingent valuation.

2.9.3 The Null Alternative

Choice experiments and contingent ranking experiments usually include the status quo or
“do nothing” alternative (HM treasury). This element is particularly important when
conducting a SP survey and is called the “null alternative”. In choice modeling
techniques the “null alternative” refers to the “do nothing” scenario where the project is
not implemented. The inclusion of the “null alternative” in the survey has two
advantages: a) first guarantees that the estimations are in conformity with the economic

theory, b) avoids bias by some people to unreasonably respond to some questions.

However, there are some researchers who might support the idea that the “null
alternative” might give the opportunity to some respondents to choose the easy way to
respond and avoid the tough questions. We will discuss in later chapters why we do not

include this alternative in our experiment.
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2.9.4 Drawbacks of Stated Preference Methods

Respondents of SP surveys may not always make the coherent choices they are expected
to, because most times they are affected by survey context and various information cues
as well as the order of choice tasks in choice experiments (e.g. Ajsen et al., 1996, Carlsson
and Martinsson, 2008, Day et al., 2012, Ladenburg and Olsen 2008, Louviere 20006). This
issue is known as ordering effects. Day et al. (2012) provide a discussion of different
explanations of ordering effects. The first one is preference learning which explains how
respondents gain familiarity with their own preferences and their decisions become less
coherent and ‘less random’ (Catlsson et al., 2012). The second effect relates to the fact
that most respondents participating in SP surveys have never participated in this type of
survey before. The third effect is fatigue as respondents may experience fatigue when
asked to respond the choice task many times. Kahneman et al. (1982) identifies the
fourth effect which potentially causes ordering effects is the starting point ordering
effect. He explains that respondents who are uncertain about their preferences regard a
presented price as a cue to the “correct” value for that good. Fifth and sixth effects are
both related to the fact that respondents may act strategically. Finally, it is highly possible

to not include all relevant attributes in the survey design.

SP methods suffer from hypothetical bias (Harrison, 2006). Respondents in SP might not
answer truthfully and answer in ways that they think will affect the outcome (Train and
Wilson, 2009). In contingent valuation methods participants may declare amounts they
are not willing to pay, while in choice modeling surveys they may underestimate the
importance to the monetary attribute, and thus, favor alternatives they would discard in
reality. Furthermore, respondents may experience inertia in actual choices while stating in

the SP that they might switch mode.

2.9.5 Selection of the Alternatives, Attributes and Attribute Levels

To create an experimental design, the researcher must first define the alternatives,

attributes and attribute levels that are to be used in the choice situations.

= Alternative: the options amongst which choices are made. The approach used for

this analysis was to make a subjective selection of the significant alternatives.

= Attributes: the features that describe each alternative. These are the independent
variables. The attributes included in the choice experiment may be common
among the alternatives, such as departure time, or may be alternative specific, such

as the access time or the number of transfers on a public transportation journey.
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The number of attributes that may significantly affect the preference formation of
the decision makers can be quite extensive. However, it is beneficial to limit the
number of attributes that are included in a choice experiment for a number of
reasons (Louviere, Hensher & Swait, 2000). According to Hensher, Rose and
Greene (2005) it is important to carefully choose the attributes of the alternatives
to avoid inter-attribute correlations. In these cases usually decision-makers make
assumptions on the level of one attribute based on the level of the other

correlated attribute which may lead to bias.
* Values: the numerical values or categories assigned to an attribute.

* Levels: the numerical values of categories assigned to an attribute. Hensher, Rose
and Greene (2005) report that the number of attribute levels included in the
experimental design affects the ability of the analyst to distinguish non-linear
relationships between the value of the attribute and the derived utility. Therefore,
the analyst must find a balance between choosing enough attribute levels to
discern the nature of the relationship between the attribute and the derived utility,
and restraining the size of the experimental design (ChoiceMetrics 2011). In our
experiment we used RP data to set the maximum and minimum attribute levels to

reflect reality in order to create realistic choice situations for the travelers.

® Scenario: the situation which the respondent is asked to evaluate, made up of the

alternatives.

Once the analyst has determined which alternatives to include, which attributes to
consider and at what levels, the mean of the presentation (paper-survey, computer aided
personal interview, internet-based survey) and the experimental design method must be
considered. The core part of a SP technique is characterized by the statistical design to

construct hypothetical alternatives and scenarios presented to the respondents.

The statistical design of attributes and attribute levels can be based either on full
factorial, fractional factorial design or on efficient designs. These three are the most
commonly used methods which are briefly summarized in the following sections. The
aim of these designs is to maximize information on user preferences with limited number
of observations. Researchers suggest if possible to base variations on the levels of
attributes around values for observed trip. This information may arise from a pivot

survey or as an alternative in the survey.
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2.9.6 Full Factorial Design

This experimental design is the most comprehensive type of design since all
combinations of possible situations are considered. An experimental design is called “full
factorial” when every possible combination of attribute levels is presented to each
respondent and is asked to select one of the alternatives. In a game of N alternatives, of
M attributes of L. Levels each, a full factorial design produces LMN games. We can also
make this design using a fractional factorial design with N*M columns of L levels. For
example, a design with two three-level attributes and two two-level attributes would have
32*22*=306 scenarios. In a full factorial design dominant questions exist. These questions
if presented to the respondents reduce reliability. Even in a fractional factorial we may
have dominant questions. The only way to solve this problem is through efficient design
of SP game. Hensher, Rose and Greene (2005) suggest avoiding this type of design since
the workload for respondents is extremely large and causes fatigue to the respondents,
while their effort to analyze the alternatives and select the most favorable one has been

found to decrease.

2.9.7 Fractional Factorial/Orthogonal Design

Full factorial designs are practical only for small problems and even though they possess
statistical advantages over full factorials these designs are rarely used. There are cases
where the number of all possible combinations of attributes is too high and need to be
reduced. This is the case where fractional factorial design solves the problem. In the
fractional factorial design interaction terms are not orthogonal. Between main effects
though orthogonality is preserved. Louviere, Hensheir and Swait (2000) support that
since some interactions are not significant to the researcher fractional factorial design is
widely supported by researchers. Fractional factorial designs are used because otherwise
respondents have to face and respond to a large number of scenarios and experience
fatigue, thus increasing the response error. Likewise, a large number of attributes or
levels may lead to some items being ignored by the respondents (Permain et al., 1991).
To reduce the size of full factorial designs researchers select a particular subset or sample
of full factorial so that particular effects of interest can be estimated as efficiently as
possible. Scientists have developed a series of tools of sampling methods that lead to

practical fractional factorial designs.

Orthogonal designs are the most commonly used. A design is called orthogonal when all
attributes presented to respondents are varied independently from one another. In

orthogonal design there are zero correlations between attributes. In orthogonal design
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the analyst typically uses orthogonal coding for the labeling of the attribute levels. This is
achieved when the sum of a column of attribute levels equals zero. For this reason the

attribute levels would be labeled -1, 0 and 1.

Since the number of all possible combinations may be significantly high, the researcher
can reduce the number of combinations by using a subset of the full factorial design
called the fractional factorial design, so that particular effects of interest can be estimated
as efficiently as possible (Louviere, Hensher and Swait, 2000). In a fractional factorial
design, we ignore some of the interactions except for main effects. In this design, the
researcher should assume that some interactions are not statistically significant and
ignore them. To avoid ignoring significant interactions we can control which interactions

to be orthogonal. In our study we developed our orthogonal design in SPSS.

Louviere, Hensher and Swait (2000) concludes that even if interactions are significant
and large, they rarely account for a great deal of explained variance. The authors suggest
using designs that allow estimation of (at least) all two-way interactions whenever
possible because main effects and two-way interactions account for virtually all the
reliable explained variance. Rose and Bliemer (2004) though support that the
orthogonality will be lost if one question is not responded/omitted by the respondent.

For this reason respondents should be forced to fill out all questions.

According to Louviere, Hensher & Swait (2000) the minimum number of choice
situations that should be included is six, but depending on the number of alternatives,
attributes and attribute levels included in the experimental design, the minimum number
of choice situations can be significantly higher. To reduce the number of choice
situations that are assigned to each survey respondent, a method known as blocking is
used to orthogonally split the design into several smaller designs (Hensher, Rose &
Greene 2005). Each of the smaller designs is no longer orthogonal within itself, but the
sum of the designs maintains orthogonality. The orthogonality of the design is preserved
only if the complete design is used. The acknowledgement of this fact has been largely

ignored by academics and practitioners, according to Hensher, Rose and Greene (2005).

An orthogonal design-data does not necessarily mean that the estimation data will also
preserve orthogonality. The addition of socio-economic variables in the utility function
leads to loss of orthogonality. This is very important for the most common procedure

travel behavior modeling of estimating an MNL model (Hensher and Barnard, 1990).
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The main reason to preserve orthogonality is to avoid multi-colinearity between variables

(Sanko, 2001).

2.9.8 Efficient Design

For some designs, orthogonal solution (with limited number of rows) does not exist. For
other designs, orthogonal solution may not be desirable because it may include
dominated choices or rows where all alternatives are the same. Such choice situations
may in fact cause serious problems. In this case, some practitioners choose to manually
remove or correct the specific rows. This practice though is not recommended because it
is likely to affect orthogonality. A possible solution would be to use a random design
(where sample size requirements would be enormous) or produce an advanced design

technique called efficient design (Figure 2-1).

Another reason for moving away from orthogonal design is the high cost of data
collection and the difficulty of producing orthogonal design for large data samples.
Recently, researchers started supporting the use of efficient designs. This type of design
requires full knowledge of the beta coefficients of the parameters in the utility functions.
In many case, we have preconceptions about the sign and the relative values of any
marginal utility effects. This type of information is not used in orthogonal design. If this
information exists, efficient designs outperform the orthogonal designs. These designs
aim to increase the statistical efficiency of the experimental design (Hensher, Rose and

Greene, 2005).

Step 1: Sep2 Step3:

. Create design by selecting Compute efficiency

Create canditure set choic sitations from amor

\ canditure set

fractional /

factorial Step 4:
Store design with
lowest efficiency

‘ b error

Figure 2-1 Flow chart for the modified Federov algorithm (Choice Metrics, 2011)
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Efficient choice designs make use of prior utility functions and attempt to determine
attribute level combinations that minimize the elements in the asymptotic variance-
covariance (AVC) matrix. After creating an initial design, which can be either random or
orthogonal, the practitioner needs to calculate the choice probabilities for each
alternative in the design and construct the AVC matrix for the design. Various measures
have been proposed in existing literature to estimate and evaluate the statistical efficiency

of the design. The most commonly used is the D-Error:
~ 1
D — error = det (Ql(X,ﬁ))"(ﬁ)

where (24 is the AVC matrix, f§ are the priors, and H is the number of parameters to be
estimated. The next step is to create a new design, and if the new design has a lower D-
error, the new design is accepted. The process is repeated may times. In this manner, we

also assume the usefulness of the orthogonal design in the remaining study.
Remarks

The theory of stated choice experiment design is very extensive, and as such, it is not

possible to include all aspects of the theory in this review.

2.10 Revealed Preference Techniques

In a survey we usually ask respondents to describe their actual reactions. Since this
behavior is revealed, the data obtained from the retrospective questionnaires is called RP
data. There are several possibilities as to how such data may be collected. One way is for
the analyst to observe a market and note the alternatives as chosen and non-chosen.
Another way may be by using some electronic device that records choices (Hensher,
Rose and Greene, 2005). Alternatively, a questionnaire survey may be used. This type of
collection may include information on simple socio-demographic (SDC) characteristics

of the decision makers.

This method of data collection has certain limitations to collecting data only on currently
existing alternatives. Whichever collection method of RP data is used, the analyst fails to
collect information in the non-chosen alternatives as in SP methods. In this research
study, the probability of failure among new transit modes, after a new transit mode is
introduced, is likely to be of little benefit to the analyst. As an aside, RP collection data

can be very costly in terms of both time and money spent (Hensher, Rose and Greene,
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2005). In the figures below we graphically present the difference between the two types
of techniques: RP (in Figure 2-2) and SP (in Figure 2-3).

Actual behavior

Hormne 1.40 suros

Bus

Figure 2-2 Revealed Preference data

RP methods uncover estimates of the value of non-market goods by using evidence on

how people behave in the face of real choices.
The two most common RP methods are:

®* The Hedonic Pricing method, which involves examining people’s purchasing

decisions in markets related to the non-market good in question and

® The travel cost method, which involves observing costs incurred in the non-

market good in question

One thing to remember with this type of data is the location where to distribute the

questionnaire.
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Hypothetical behavior

If thars was a 24hr metro
strike

Horne
Cllheze

Il Lhere wes a
24hr metro strike
| would choss

e . bus

1 M airns

Figure 2-3 Stated Preference data

2.11 Comparison of Stated Preference versus Revealed Preference

In this section we summarize the key differences between SP and RP Techniques

(Louviere et al., 2000).
= RP data are more expensive compared to SP data
= SP methods are widely used and researched
= Suffer from hypothetical bias
= RP data depict the world as it is now

®= RP data includes only existing alternatives as observables; which implies that
existing absolute attribute levels and correlations between attributes will be in any

model estimated from such data

= RP data have a high reliability and face validity since these choices are made by

individuals who committed their actual resources to make the choices possible
= RP surveys yield one observation per respondent at each observation point

= SP data describe hypothetically or virtual decision contexts
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= SP data control relationships between attributes which permit mapping of utility

functions

* SP can include existing and/or proposed and/or generic choice alternatives

(unbranded or unlabeled)

= SP surveys usually yield multiple observations per respondent at each observation

point
The characteristics of RP and SP data are summarized in Table 2-1(Sanko, 2001)

Table 2-1 RP and SP characteristics

RP DATA SP DATA
Preference = The result of actual behavior * Expression under the hypothetical
. = Consistent with the behavior situation
Information ) - . . .
in  real market ® Possibility of inconsistent with the
=  We can get ‘choice’ as a result behavior in real market
= We can get ‘ranking’, ‘rating’, ‘choice’ etc
Alternatives Only existing alternatives Existing and non-existing alternatives
Attributes =  Measurement error = No measurement etrror
® Limited range of attributes’ = Extensibility of the range of attributes’
levels levels
= Possibility of collinearity = Controlability of the collinearity among
among attributes attributes
Choice set Non-clear Clear
Number of One response per respondent One or more response(s) per respondent
Responses

2.12 Rationale for Combining Actual Travel Data and Choice
Experiment Data

Methods for analyzing mode choice are categorized as revealed preference or indirect
methods and stated preference or direct methods. In Section 2.11 we discussed strengths
and weaknesses of RP and SP data sources. In this section we present a very practical
way of dealing with insufficient variation in explanatory attributes within one data source.
Relatively recent developments in the literature have shown that combining observed and
hypothetical behavior data can provide complementary information about preference
structure and allow for improved statistical efficiency over the use of either method
separately (Mitchell and Carson, 1989). The process of pooling RP and SP data and
estimating a model from the pooled data is called data enrichment (Louviere et al, 2000).

The “data enrichment” idea was originally proposed by Morikawa (1989) and was
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illustrated later by the work of Ben-Akiva and Morikawa (1990), Ben-Akiva et al. (1991),
Bradley and Daly (1994), Hensher and Bradley (1993) and others. Recent research
indicated that combining the two types of data builds on the strengths and diminishes the

drawbacks of each method.

Combining the two data sources, therefore, poses significant challenge for the analyst in
terms of how to handle RP data. RP data is often collected only for the chosen
alternative. Since discrete choice modelling requires at least two alternatives for a choice,
the lack of information on the non-chosen alternatives within the RP data is a serious
issue. Since it is not always possible to gather this kind of information from the decision-
makers, Hensher et al. (2007) proposes four solutions, two of which are presented in this
section. The other two approaches require more information from the decision maker
which is not always collected as part of an RP survey. Thus, we only present the first two.
The first approach the authors suggest is to use the average of the attribute levels of each
observed alternative and substitute these averages (or medians for qualitative attributes)
as the values for the attribute levels of the non chosen alternatives for those who did not
choose them. This is an easy way of generating data on the non-chosen alternatives.
However, this approach reduces the variance of attribute-level distribution (Hensher,
Rose and Greene, 2005). The second approach Hensher et al. (2007) propose is to
randomly match the non-chosen alternatives attribute levels to specific decision makers

through a matching of sociodemographic characteristics.

The advantages of combining RP and SP data as described by Ben-Akiva (1994) are
listed below:

1. Efficiency: joint estimation of preference (or attribute importance)

parametersfrom all of the available data;

2. Bias correction: explicit response models for SP data, which include both

preference parameters and bias parameters; and

3. Identification: estimation of preferences for new products or services and for

new attributes or attribute levels that are not identifiable from RP data.

So far, many applications are implemented, and the usefulness of this method is generally

accepted.
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2.13 Summary

The nature of the problem of altered travel patterns during Metro closures requires the
collection of large data sets. We use both SP and RP techniques to assess user

preferences during closures.

In the following chapters, we describe the econometric methods for estimating the
parameters that affect travel pattern during disruptions using SP and RP data. In
Chapters 5 and 6, we describe the RP experiment and the SP questionnaire we used and
their results. In Chapter 7, we combine in our survey collection process RP and SP data
sources so as to promote the strengths of both and minimize the disadvantages of each

method.
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3. Theoretical Framework

31 Introduction

In this chapter, an introduction of discrete choice models and random utility models will
be presented, giving an overview on the theoretical aspects and focusing on those models
that will be used to reflect the a priori assumptions of the analyst as to what models
affect the decision process of choice of mode during Metro disruptions. This is primarily
based on Ben-Akiva and Lerman (1985). First, we model travel patterns during
interrupted Metro operations as a sequence of choices on which alternative mode to use,
so that discrete choice models represent a natural way to deal with this modeling
assumption. We review three discrete choice models and their basic theory to relate, by
means of a mathematical function, the choice of mode during a Metro closure with the
characteristics of the population (age, income, gender, etc.) and the transportation system

(travel time, cost, etc).

Many transport modeling issues can be viewed as the result of a route choice, choice of a
transportation mode, choice of the destination etc. Therefore, modeling and predicting
individual choice has been widely used by practitioners and researchers. In this context,
Random Utility Theory and its corresponding models, is widely used (see Domencich
and McFadden, 1975) with numerous applications in transportation science (Ben-Akiva
and Lerman, 1985, Ben Akiva and Bietlaire, 1999; Ben-Akiva et al., 1984, Cascetta et
al.,1992). These models are based on the assumption that individuals belong to a
homogenous population, follow a rational behavior pattern, and that they always select
the alternatives that maximize their personal utility. The individual’s choice set is
predetermined consisting of a certain set of alternatives and a set of vectors of measured
attributes of the individuals and the alternatives (Ortuzar, 1994). Consequently, each
alternative has an associated utility that mathematically expresses the individual's
preference. This utility is composed of a measurable, systematic or deterministic part,
that varies across alternative characteristics and across individuals, and is a function of
the measured attributes, and of a random or stochastic part that represents the
uncertainty (a fuzzy set extension has also been suggested to handle it, namely by Lotan,
1992 and Bierlaire, Burton and Lotan, 1993). This uncertainty comes, for instance, from
unobserved or unavailable characteristics, taste variation among individuals or, simply,
measurement errors. The reader is referred to Ben-Akiva and Lerman (1985) for details

about the nature of this uncertainty.
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In this chapter for the statistical analysis of the data/questionnaires we use discrete
choice models that have been used to model choices among alternative modes. The
Multinomial Logit (MNL), Multinomial Probit (MNP) and Heteroksedastic Extreme
Value Logit (HEV) models are estimated in this study (Washington et al. 2010). Model

estimation of choice data was done by means of NLOGIT software package (v5.0).

The discussion in this chapter is structured as follows. After a brief review of the main
concepts of discrete choice models in Section 3.2, we give an overview of the Logit
Model in 3.3, of the MNL in 3.4 and MNP in 3.5 and describe the different model
specifications. This is followed in section 3.6 by a discussion of the HEV model and
Nested Logit in 3.7. We also discuss cross elasticities and tests (Likelihood Ratio Test)

for each model. The chapter closes with a summary in Section 3.8.

3.2 Basic Concepts of Discrete Choice Models

Within the context of disruptions in Metro systems, transport planners need to devise
appropriate strategic planning tools to improve public transport. In order to analyze
traveler behavior and altered travel patterns we need to undertake a mode choice
analysis. Such analysis allows transport planners to forecast which transport mode will be
used in the case of a Metro closure. Models can be used to predict how changes in a
transportation system will affect the individual traveler’s choice. The outcome models
will provide the relationship between the probability of choosing an alternative and the

attributes or benefits that characterize the alternative.

The framework for a discrete choice model can be presented by a set of general

assumptions as follows (Ben-Akiva and Bierlaire, 1999):

®  Decision maker including his socio-economic characteristics

The set of Alternatives (choice set)

Attributes of alternatives
= Decision rules

By decision-maker we refer to either a group of people or a single individual. When
referring to a group of people who share some common characteristics with term

“individual” we ignore all internal interactions within the group. To explain heterogeneity
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within this group the researcher collects socio-economic variables of age, gender, income

and education (Ben-Akiva and Bierlaire, 1999).

The specification of the available attributes presented to the respondents is a complex
procedure and requires knowledge not only of the available travel modes but also of the
non-available. In this procedure it is required to use deterministic criteria of alternative
availability (i.e. the possession of driving license). The attributes presented to the
individuals describe the alternatives in terms of attractiveness and can be either
categorical or numerical or qualitative. They may also be expressed as a function of
measurable data. Finally, the decision-maker needs to decide upon the theory to use to
evaluate the attributes of the alternatives and determine a choice. This is called the
decision rule. Most analysts use intensively random utility models in travel behavior

analysis and in econometrics (Ben-Akiva and Bierlaire, 1999).

In this section, we briefly look at some of the concepts that the theory of discrete choice
modeling is based on. In a discrete choice experiment, a decision maker 7 chooses from a
choice set €y, made up of a finite number of mutually exclusive alternatives and has no
effect on the choice process undertaken by the decision-maker. Each alternative /=7,...1
in the choice set is characterized by a utility Uj,, which is specific to decision-maker 7,

due to variations in attributes of the individuals and the attributes of the alternative

(Hess, 2005).

According to Utility maximization theory, there is a mathematical function Uy, called a
utility function, whose numerical value depends on attributes of the available options and
the individual. Based on this theory the individual will choose alternative 7 only if

U > U,V j # i,and i, € C,.

However, this theory yields a simple model of decision rule that makes deterministic
prediction of travel choices but does not treat the variations in travel behavior. In other
wortds this theory does not take into account the uncertainty into the predicted choices.
The complexity of human behavior suggests that the decision rule should include a

probabilistic dimension in order to tackle the issue of the uncertainty.

The inclusion of a deterministic part to capture the uncertainty in the utility function
leads to the Random Utility Model (RUM) which is the most common theoretical basis

of discrete choice model (Ben-Akiva and Bierlaire, 1999). These models give probabilities
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that each available mode will be chosen. The probability of an individual n choosing

alternative i is given by equation (1).
Pin = P(Vin + & > an + gjn) :P(Sjn —&n < Vin - an), Virj € Cnr and i ij (1)

Traditionally, decision makers choose among a set of alternatives such that their utility
(satisfaction) is maximized subject to the prices of the alternatives and an income
constraint (see Nicholson, 1978). Disaggregate models which are modern approaches to

mode choice modeling are based on the utility maximization theory.
In general, the utility specification can be given as,
Uin: Vin + & (2)

With /=1,....,I and »=1,...,N. Equation (2) suggests that the random utility specification
Uin of alternative i to individual n, corresponding to the relative attractiveness of the
option, may be treated as a random variable consisting of the sum of an observable utility
component Vj, (the deterministic part of the utility) plus an unobserved random
component &, capturing the uncertainty with zero mean and a normal distribution
(McFadden 1974). The unobserved random component represents the uncertainty
associated with the expected utility of an alternative. The &, includes idiosyncrasies and
taste variations, combined with measurement or observation error. The error term allows

for two important cases:

* In the case of two different persons with the same measured attributes who face

the same choice set, can make different decisions
=  Some decision-makers do not select the best alternative

We can write the deterministic part of the utility that individual n is associating with

alternative i as:

Vin = Vin(Xin) 3

Where X;,, is a vector containing all attributes, both of individual n and alternative i. The

function is commonly assumed to be linear in the parameters and is denoted as follows:
Vin(xin) = ,lein(]-) + Bzxin(z) + ot lglxin(l) = §c=1 BiXin (1) )
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Wherte parameters By, 3, ..., B; are the parameters to be estimated and k (k = 1, ... K)
is the total number of parameters and f; is a parameter not associated with any of the
observed and measured attributes, called the alternative-specific constant. Parameters §3
are generally estimated using maximum likelihood method. In MNL, MNP and in
multinomial models with choice-fixed predictors in general, the coefficients do the same
thing: they describe the relative probability of a choice to a base choice. Therefore if
there are 7 choices, MNL and MNP will provide n-1 sets of coefficients, setting the

coefficients for the choice all equal to zero.

The choice model is then derived by making a suitable assumption on the distribution of
the random term. The vector &, =(&1p, . &) can be a vector of joint density f (&),
zero mean and covariance matrix &. Hence, the probability of alternative 7 in equation
(1) is the cumulative distribution of the random term &j, — &; and can be described in

equation (5):
Pin = fsn I(Sjn —&n < Vin - an, Vi # j)fgnden (5)

Where I() is the indicator function which equals 1 if the term inside the brackets is true

and 0 otherwise (Hess, 2005).

Traditionally, decision makers choose among a set of alternatives such that their utility
(satisfaction) is maximized subject to the prices of the alternatives and an income
constraint (see Nicholson, 1978). Disaggregate models which are modern approaches to

mode choice modeling are based on the utility maximization theory.

For further details see Ben-Akiva and Lerman (1985), Hensher and Johnson (1981) or
Ortuzar and Wilumsen (1994).

The mathematical framework for Logit Models is discussed in detail in Washington et al.

(2010).

In the next sections, an introduction of discrete choice models will be presented and the
relevance of these models with the problem of transportation disruptions and travel
patterns. Discrete choice models have been developed for examining the behavior of

individual decision makers who can be described as facing a choice set which is finite.
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3.3 Logit Model
Many different probabilistic choice models can be derived by making different

assumptions about the distribution of the random part of the utility which is referred to
as the stochastic part of the utility. In the case of Binomial choice models the most
common models found in practice are: the logit and the probit. The logit model assumes
a logistic distribution of errors, and the probit assumes a normal distribution of errors.
For example a Gumbel distribution gives rise to the conditional or Multinomial Logit
Model and a bivariate normal distribution yields the binary probit model or Probit
models arise when the disturbance terms ¢ in equation (2) are assumed to be normally

distributed.
The probability for alternative 7is given in equation (1).

Binary models are those models which consider two discrete outcomes and multinomial

models are those which consider three or more discrete outcomes.

In MNL models, the random components &;, are extreme value type I (Gumbel
distributed) and are identically and independently distributed across alternatives. There
has been concern about its inherent property of Independence from Irrelevant
alternatives (the well known IIA) (Munizaga et al., 2000). In the MNL model, the error
terms are supposed to be independent and homoskedastic (Munizaga et al. 2000), making
it restrictive for practical use (this is the well known IIA property). Many applications in
marketing, transport and the environment use the simple MNL model since it can be
straightforwardly used to analyze SP or RP survey observations (Louviere et al. 2000,
Munizaga et al. 2000). Because the coefficients of multinomial logistic models are

generally difficult to interpret directly, marginal effects for each variable are computed.

The MNL’s assumption of homoskedasticity is limited because it cannot model taste
variation among respondents. It also exhibits restrictive substitution patterns due to the
ITA property. Unlike the MNL, the MNP offers a highly desirable flexibility in

substitution among alternatives that the MNL fails to process (McFadden 1974).

The standard equation for the utility of an alternative 7 is given in equation (6).

Pip = Pr[gjn —Em S Vin =V Vj € Cn] =

[linn (VinTlen | (VinVin N (0, 5,_, )de, Vi€ Cy ©)

—00
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Where N (0, ZE_SL) is a multivariate Normal density function with zero means and
covariance matrix Ye_, and J is the number of options in the set €, (Munizaga et al.,

2000). The complexity of this integral requires simulation to solve it.

If the error terms are independent and identically Gumbel distributed with location
parameter 0 and scale parameter p>0, the probability that a given individual choose

alternative 7/ within C'is given by equation (7):

eﬂvin
P = 7
l YkecehVx )
. . /3
Where p is a parameter related to the variance o” of the error term g = —

V6

The MNL expresses the probability that a specific alternative is chosen is the exponent
of the utility of the chosen alternative divided by the exponent of the sum of all
alternatives (chosen and not chosen). The predicted probabilities are bounded by zero

and one.

3.4 Multinomial Logit Model

The MNL model is a general extension of the binomial choice model to more than two

alternatives. There are several assumptions embedded in the estimation of MNL models:
= Linear in parameters restriction (for convenience of estimation)
® The disturbances are independently distributed
* The disturbances are identically distributed

* The disturbances are Gumbel distributed with location parameter 7 and a scale

parameter u>0

The Multinomial Logit Model is derived from the assumption that the error terms of the
utility functions are independent and identically Gumbel distributed (or type I extreme

value). The probability density function of the extreme value type I distribution is:
f(g) = Me_#(gin_n)exp[_e_.“(fin_n)]"u >0 (8)
with corresponding distribution function:
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F(e) = exp[—e #Emn™™], u >0 )

where n is a location parameter (mode) and p is a strictly positive scale parameter. The

mean of this distribution is n+y/p

where
Y = lim, e X%, In (k) = 0.5772 (10)
is the Euler constant. The variance of the distribution is 72 /6u2.

The MNL model belongs to the family of the Generalised Extreme Value (GEV) models
which is a set of closed form discrete choice models that are all based on the use of the
extreme value distribution. The MNL model which was at first referred as the conditional
logit 1s a general extension of the binomial choice model to more than two alternatives.
There are several assumptions embedded in the estimation of MNL models. Numerous
approaches exist leading to the derivation of the logit choice probabilities (Ben-Akiva &
Lerman, 1985; Domenich and McFadden, 1975; Train, 2003).

The MNL choice probability for alternative 7 and decision-maker 7 is given by:

e“Vin

P,(i) = Py, = J=1, i, [ €EC, Vi#]j (11)

I Win?
Shey etin

Setting #=1 the above equation becomes

eVin

Py, =

=7
ijle J

j=1.. i, EC,Vi#]j (12)

which is the standard Multinomial Logit formulation. It is referred to as a closed-form
model because applications do not require any further application. Eq [12] above states
that the probability of an individual choosing alternative 7 out of the set of I alternatives
is equal to the ratio of the (exponential of the) observed utility index for alternative 7 to
the sum of the exponentials of the observed utility indices for all I alternatives, including

the 7#h alternative (Hensher Rose and Greene, 2005).

For the estimation of the beta coefficients in the utility functions we use the maximum
log likelihood function. The log likelihood function for a sample of choice situations 1,

N, together with the corresponding values of x;;, is:
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LL = Zg=1(2{=1 5in [Vm —In ZVI exp (Vm)]) (13)

where I is the total number of outcomes and & is defined as being equal to 1
(Washington et al., 2010). To estimate of the utility parameters of the utility expressions
we use the Maximum Likelithood Estimation (MLE). The maximum likelihood estimator
is the value of parameter which causes the likelihood function to be a maximum
(Louviere et al., 2000). As likelihood function falls between 0 and 1, the log likelihood
function is negative. The smallest negative value of the log-likelihood function is the

maximum to the log-likelihood function.

Where the fact that the choice probability no longer involves the error term &, means
that the model can be estimated and applied without the use of simulation. The measure

of Log likelihood is not measure of “fit”.

The assumption of independently and identically distributed (IID) error terms in MNL
leads to its famous IIA property. IID implies that the variances associated with the
random components of the utilities of each alternative are identical and not correlated
between all pairs of alternatives. In the case of 3 alternatives the variance-covariance

matrix can be written as:

g2 0 0
0 o2 0 (14)
0 0 o?

3.4.1 MNL Limitations

In the following section we describe three important characteristics of the MNL model

which limit its flexibility and induce the use of more sophisticated techniques:
These are:

1. Independence from irrelevant alternatives,

2. Deterministic taste variations,

3. Homoskedasticity.
Independence from Irrelevant Alternatives Property (IIA)

An important property of the Multinomial logit model which governs MNL’s behavior is

the independence from Irrelevant Alternatives. This can be explained as: the ratio of the
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MNL choice probabilities of any two alternatives 7 and ; is independent of the attributes
or even existence of other alternatives from the choice set. Let &, €, denote the

unobserved part of the utilities for alternative 7 and j (i # j) in the choice set. This can

be directly derived from equation (15):

Pin _ eHVin
/"an

So the relative probability that an individual chooses choice 1 over choice j is unaffected
by the systematic utilities of any other alternatives. Any changes in the probability of a
given alternative draw equally from the probabilities of all the other alternatives in the

choice set, which leads to the conclusion that cross-elasticities are equal.

While there are many cases where the IL4 property is not acceptable (i.e. Ben-Akiva &
Lerman, 1985) and the MNL model should not be used, there are however cases where
ITA is a valid assumption, namely in those cases where the single alternatives are virtually
unrelated, or when the relationship (closeness) between any two alternatives is the same
for all pairs of alternatives (Hess, 2005). The limitation of the IIA assumption is often

illustrated by the red/blue bus in the modal choice context.

Hence is important to test the validity of the IIA assumption to avoid fitting an MNL
model to a choice set that violates ITA. Hess (2005) also suggests careful specification of
the observed utility function to avoid correlation in the unobserved part of utility

between alternatives.

The behavior of individuals varies across the population. A MNL model is an
appropriate model in the case where the systematic component of utility accounts for
heterogeneity (taste variations) across individuals. In general, models with many

socio-economic variables have a better chance of not violating 1AL
Deterministic Taste Variations

Logit models can by construction handle just only systematic (deterministic) taste
variations, but not random taste variation. For example the effect of a change in bus
ticket is often influenced by the individual’s income. Though some travelers may exhibit

the same socio-demographic characteristics they may value differently alternative values.

! http://onlinepubs.trb.org/onlinepubs/nchrp/cd-22/v2chapter5.html.
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These random taste variations can only be modeled by using stochastic coefficients. This

cannot be modeled by MNL models.
Homoskedasticity

The third limitation, i.e., the homoskedasticity, is imposed by the assumption that the
error terms are identically distributed. It means that all of them have the same scale
parameter . This fact implies that the variances are the same across the population. Let

us assume that we have two different datasets and the utility for the first dataset is
Uin=Vin + €in (16)
And for the second dataset is

Uim=Vim + €im (17)
Homoskedasticity exists when Var(g;,) = Var(g;,) (18)

Homoskedasticity in MNL models fails in two situations. When using two data sets from
two sources, say one from RP survey and one from SP survey we cannot assume that the
error variances are identical (Munizaga et al, 2000). Thus we need to allow for
heteroskedasticity. Another issue arises when there is need to rank options in SP
experiments when ranking options have high or low rank. Permain et al. (1991) argued
that people may be more precise when ranking options that have either high or low rank
and less precise with those that are intermediate. He also argues that the intermediate

options are expected to have larger error variances.

To assess the individual parameter estimates we can use two other techniques: elasticities
and marginal rate of substitution. By computing elasticities we measure the magnitude of

the impact of specific variables on the outcome probabilities (Washington et al., 2010).

MNL model is insufficiently heterogenous; “...economists are often more interested in
aggregate effects and regard heterogeneity as a statistical nuisance parameter problem
which must be addressed but not emphasized. Econometricians frequently employ
methods which do not allow for the estimation of individual level parameters” (Allenby

and Rossi, 1999).
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3.4.2 Disaggregate Direct Elasticities
The coefficients produced by a logit model can help the analyst understand the direction

of the dependent variable y and the statistical significance associated with the effect of
changing an independent variable. Unfortunately, the coefficients cannot explain the
magnitude of the effect of a change in Xy; on the predicted probability. Hence, we need

to calculate the marginal effects.

The direct point elasticity of traveler 7 for parameter £ on alternative « is computed from

the partial derivative for each observation n:

P@{) _ OP(i)  xki _ .
By = axe * oy = (1 = POBi (19)
where P (i) is the probability of outcome i and xy; is the value of variable k for outcome

i

Elasticity values measure the percent effect that a 1% change in X;j; has for outcome i. In
the case of indicator variables (variables that take on values 0 and 1, such as the male

indicator) we compute the pseudoelasticity which is given by the following equation:

P(D) _ exp[A(Bixi)] Xvi exp (BriXki)
et exp [A(ﬁixl-)] Zvin exp(BrrxrD)+Lvizin eXpP(Bicr X 1)

-1 (20)

where I, is the set of alternate outcomes with X}, determining the outcome, and [ is the

set of all possible outcomes.

3.4.3 Disaggregate Cross Elasticities

When we want to measure the effect of a change in attribute “k” of alternative “m” on
the probability that the individual makes choice 7, we compute the cross elasticities.

The value of cross-elasticity can be evaluated as follows:

P( .
EfY = —P ()%, (1)

The cross elasticity in the equation (20) depends on variables associated with alternative ;
and is independent of alternative 2. Thus MNL cross elasticities are the same for all i # j.
This is a consequence of the IID assumption in the model specification that all utilities
are distributed about their means with independent and identically distributed

distributions (IID). When we relax the IID assumption, the elasticity formula changes.
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3.4.4 WVillingness-to-Pay or Willingness-to-Accept

The amount of money an individual is willing to pay or accept to achieve some benefit
from a specific action (in our case from a certain trip or route or mode chosen) is called
Willingness to Pay (WTA) or Willingness to Accept (WTA). In Chapter 5 we devote a

section to discuss the computation of WTP to obtain travel time savings.

3.4.5 Statistical Evaluation - Asymptotic t-tests

The parameter estimates obtained from an MNL analysis are subject to error. The
amount of error is given by the standard error of the coefficient (Hensher, Rose and
Greene, 2005). In linear regression analysis this test is usually performed via a t-test or F-
test. In MNL models this test is the Wald-statistic, both calculated and interpreted in the
same manner as in the regression analysis. This test is used primarily to test whether a
particular parameter in the model differs significantly from zero or some other constant.

The test #* which is approximately # distributed, is:

Wald(t*) = S.E’i = (22)

The critical levels for Wald t-statistic assuming a 95 percent confidence level (i.e alpha
=0.05) is 1.96. If the absolute value of the Wald-test statistic given in the output is
greater than the critical Wald value, the analyst may conclude that the relevant attribute is

statistically significant (Hensher, Rose & Greene, 2005).

Where S.E.(f) is the standard error of the parameter. For a parameter [f, which is

normally distributed with variance gy, the hypotheses need to be tested such as:
Ho: B = Bi 23)
Ho: B # Br (249)

Where Hy denotes the null hypothesis, H; denotes the alternative hypothesis, and S

denotes the known constant. If By is a normally distributed vector with K entries By,

and N denotes the sample size, then statistic iN—K is generally distributed with N-K
NK

degrees of freedom. For a given significance level a, the critical region (i.e. the values of

Bk for which Hy is rejected). For this statistic can be constructed as:
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Bnk—B*

ONK

P, [tN—K,a/Z < < tN—K,l—a/Z] =1l-a (25)

a a . . .
Where ty_g,q/2 and ty_g1-q/2 denote the > and 1 — > cumulates of the t distribution

with N — K degrees of freedom respectively. This yields a critical region of |Byx —

L=tV —Ka/20VK
If the estimated parameter belongs to this region, the null hypothesis is rejected.

Washington et al. (2010) argue that the use of t statistics is not strictly correct because the
MNL model is derived from an extreme value distribution. A more general and
appropriate test to assess the statistical significance of individual parameters in an MNL

model is the likelihood ratio test.

3.4.6 Likelihood Ratio Test

A likelihood ratio test is a very general test that is often used to assess the significance of
individual parameters, evaluating overall significance of individual parameters and
examining the appropriateness of estimating separate parameters for the same variable in

different outcome functions.

Let LY and LR denote the value of the log likelihood (I.L) function at convergence (at its
maximum) for the “unrestricted” (the base model-the largest LL value) and the
“restricted” (the estimated model-the smallest LL value) models. This statistic is
X? distributed with degrees of freedom equal to the differenceKY — K® which is the

number of independent restrictions imposed on the parameters in computing LR.
The test statistic for the null hypothesis that the restrictions are true is:
X2 ==2(V-1® (26)

Is asymptotically X? distributed with (KY — K®) degrees of freedom (difference between
the number of parameters estimated between the two models). If this value exceeds the
critical Chi-square value with appropriate degrees of freedom at a certain significance
level, then the null hypothesis will be rejected because the specified model is no better

than the base comparison model.
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To perform the LRT test we need to run the model twice, one with the explanatory
variables and one without them. To test the significance of individual variables added we

need to compare the improvement in likelthoods as individual variables are added.

3.4.7 Goodness of Fit

Finally, it is often to measure the overall model fit by measuring the likelihood ratio
index (rho-squared). The pseudo — p? statistic is:

2=1_@

L00) (27)

where L(B) is the log likelihood value at convergence with the estimated parameter and
L(0) is the value when all parameters are set to zero (initial log likelihood). The
generation of the pseudo — p? statistic associated with choice models is not analogous
to the p? statistic of the linear regression (Hensher, et al, 2007) and this is because the
underlying choice analysis is non linear in MNL model. This index measures how well
the model with the estimated parameters performs compared with a model in which all

parameters are zero which is equivalent to having no model at all.

There are no general guidelines for when the p * is sufficiently high. Domencich and
McFadden (1975) showed that there exists a direct empirical relationship between

pseudo — p? and p? statistic of the linear regression (Figure 3-1).

1 1 1 1
07 08 09 10 pseudo-i’

Figure 3-1 Mapping the pseudo p? to the linear p?
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To compare two models estimated on the same data and with the same set of

alternatives, is usually valid to say that the model with higher o fits the data better. The
disadvantage of p? statistic is that it will always improve with the addition of new
parameters even though they are insignificant. A corrected p? statistic is:

L(B)-k
p2 =1- W (28)

Where k is the number of parameters estimated in the model.

3.5 Multinomial Probit Model

The main alternative to Generalised Extreme Value-based model structures is the
Multinomial Probit (MNP) model. Probit models arise when the disturbance (error)
terms in the utility function in equation (2) (analogous to the hybrid logit model) are

normally distributed with zero mean and the error terms may be correlated.

Unfortunately, the choice function of MNP cannot be easily written in a closed form,
except for the case of two alternatives (Daganzo, 1979). The utility function of MNP

model is defined by:
Uin = BiXin + & (29)
If we assume that €;,|x;, ~Multivariate Normal N[0, X']

The advantage of MNP over MNL is that MNP does not assume IIA and hence taste
variation can be incorporated in probit models. Thus it allows for correlation across
choices and allows for heteroskedasticity. It does however have some restrictions to its
use. The disadvantage is far more computationally intensive. The probability of choosing

alternative 1 is the probability that Uj; is the highest evaluation:
The choice probability for a probit model is:

Py =PV + &n; > |an +€nj Vji#i)| =

j I(Vni+£ni >an+£nj <V]

&n

# Do(en)dy (30)
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Where 1 is the indicator function and @(&,) is the density function of a typical normal

distribution described by:

(6) = ————exp 20 Ti'e (31)
(&) = exp 2T 4n tn
NN A

Unlike with standard logit models, this integral does not have a closed form solution and

must be evaluated numerically through simulation.

And the covariance matrix is

Z 012 O-{l
O1n On

The parameter estimates are typically estimated by Maximum likelihood methods. To

estimate the effect of an independent variable we estimate the marginal effects.
In a linear model y = Sy + f1x1 + -+ + BnXn (32)
In the probit model y = @(By + P1x1 + -+ LnXy) (33)

To find the partial marginal effect of the choice probability Prob(y = 1|x), we need to

base our estimations on the estimation of partial deviation.

dProb(y =1
- (g?)]( 2 Big(Bo + Brxy + -+ + Buxy) 34

In this case the probability density function is a multivariate normal distribution, a

notoriously difficult function to integrate.

Binary probit models are under-specified in that we cannot simultaneously estimate the
coefficients using this normalization. In effect we are dividing all the coefficients by the
standard deviation of the errors. But then, we ate really estimating 8/o rather than §, so

we cannot trust the direct point estimates from a binary probit model. Multinomial
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probit models make a similar normalization: they constrain one of the variances in the

. . . . 2
differenced variance-covariance matrix”.

Until the 1990’s researchers rarely used the MNP due to computational difficulties in
estimating the maximum likelthood (MLE) (Culloch and Rossi 1993). The probit model
assumes a normal distribution of errors. This model is not easy to estimate for more than

4 or 5 choices.

In the case of MNL model, the maximum likelihood function may be written as:

T
LOIS,, $2,-,57) = | [ Psselo) 35)
t=1

Where 0 is the parameter to be estimated, and S; is one of the many possible samples the
analyst may take from the total population of decision makers. Taking the log of the

above equation (35) we obtain:

1n(L®) =L+ @) =In (| [P (1)) = D In (P (5:10)) (36)
t=1 t=1

LL functions closer to zero represent best model fits. The likelihood functions for
Multinomial Logit and multinomial probit differ only in the formulation of the choice

probabilities. Let (individual i):

Ay = {1. ify; =J (37)

— 1o, ify; #J

Then the likelihood function is

L=Ti, [T, PO = N (38)

which is maximized with respect to the coefficients. For the logit models, the choice
probability inside the double-product is straight forward, so these models are computed
quickly. But for MNP this function is extremely complex. There are simulation methods
to approximate the maximum likelihood values for MNP, but even these take time. For

MNP, standard maximum likelihood estimation of the likelihood function will fail to

2 See Bolduc (1999) for a more detailed description of variance normalisation and simulated maximum
likelihood for the MNP model.
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converge. NLOGIT and other statistical packages use instead simulated maximum
likelihood techniques. The choice probabilities are estimated using a technique involving
random draws and Monte Carlo estimation. The Monte Catlo estimation method has
been suggested by Manski and Lerman (1977). It consists in evaluating the MNP

probability function by performing experiments with random numbers (Daganzo, 1979).

But what happens if there is heteroskedasticity in the sample? In the context of travelers
one might expect the standard deviation to vary systematically among respondents. In
this case, if a probit model is used but the error terms are heterosedastic, the § parameter
estimates will be biased. One approach to treat heteroskedasticity is to estimate a

heteroskedastic logit (or probit) model.

Estimation of MNP models is now possible in a reasonable time using more advanced
computational techniques. The main problem is due to the lack of an analytical
expression for the probability function of a variable which is Multivariate Normal

distributed.

3.6 Heteroskedastic Extreme Value Model

To take into account the heteroskedasticity between option, a new model the
Heteroskedastic Extreme Value Model (HEV) has been developed and applied (Bhat,
1995; Hensher, 1996). HEV is an important simplification of multinomial probit models.
Unlike the MNP, HEV assumes that the utility of alternative /7 for each individual ; has
heteroskedastic random components, where the cumulative distribution function of the

Gumbel distributed is given by’:

F(eij) = exp{—e 1}, (39)
2

where ¢; is independently extreme value distributed with variance %%. There is no
J

correlation in unobserved factors over alternatives. In order to consider

heteroskedasticity among observations we used the HEV Model. A detailed description

of HEV model is available in Zeng (2000) and Ben-Akiva and Lerman (1985). HEV

model (a) overcomes the “independence of irrelevant alternatives” (IIA) restriction of

the commonly used logit model, (b) permits more flexibility in cross-elasticity structure

than the nested logit model; and (c) is simple, intuitive and computationally less

3 A detailed description of HEV model is available in Zeng (2000) and Ben-Akiva and Lerman (1985).
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burdensome compared to the multinomial probit model. The Multinomial Logit model
imposes the restriction of equal cross-elasticities due to a change in an attribute affecting
only the utility of an alternative i for all alternatives j#i. Stopher et al. (in Bhat, 1995;
1981) state that this property of equal proportionate change of unchanged modes is

unlikely to represent actual choice behavior in many situations.

The random utility of alternative 7 U;, for an individual in random utility models takes the

form
Ui = Vi + &; (4‘0)

where V; is the systematic component of the utility of alternative i. Let C be the set of
alternatives available to the individual. In this model the random components in the
utilities of the different alternatives are assumed to have a type I extreme value
distribution and to be independent, but not identically distributed. The random
components are also assumed to have a location parameter equal to zero and a scale
parameter equal to 07 for the ith alternative. Thus the probability density function and the
cumulative distribution function of the random error term for the ith alternative are

given by equations (41) and (42):

fle) = -efie™™ (41)
and
Fi(2) = [.2 f(e)de; = e (42)

The error terms are assumed to be independent Extreme Value distributed but allowed
to have differing variances. This model requires simulation as well as probit to be solved
and the IIA property does not apply here unless all scale parameters are equal to unity.
The covariance matrix has zero valued off-diagonal elements and uniquely subscripted

diagonal elements:

The random utility formulation of equation (1), combined with the assumed probability

distribution for the random components in equation (2) and the assumed probability
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distribution that an individual will choose alternative 7 (P;) from the set C of available

alternatives is given by:
P; = Prob(U; > U;), forallj #i,j € C

:Prob(gj < Vl — V] + Sl-),fOT all] * l,] eEC

gj+en V=V +e
[T
jec,j#1 0;

i—>+00

1 &
2 (E) de, (43)
L l

where by A () and A() we denote the probability density function and cumulative
distribution function of the standard type I extreme value distribution respectively and

are given by as defined by Johnson and Kotz (in Bhat, 1995; 1970).
At) =ete e’ (44)
and A(t) = e~¢" (45)

As in the case of MNP, this integral cannot be solved analytically. The IIA property does
not apply to this model unless all scale parameters are equal to unity (Munizaga et al.,

2000).

The log likelihood function of HEV model to be maximized can be written as

[amacy (46)

+

Z ZLECq yqllog {f:,v__oo H]ECq]:#lA [

Vai— Vq]+0 w

Where Cj is the choice set of alternatives available to the qth individual and the y, is

defined as follows:

q=12,..Q,i=12,..,1

1if the qth individual chooses alternative i
y‘h_l
0 otherwise

Although travel mode choice has been studied extensively with trip-based as well as
individual-based models (Scheiner and Rau 2012), few studies have examined the
consequences of network disruptions (Curtis and Perkins 2006). To our knowledge, no

previous study has explicitly explored traveler response to subway network disruptions.
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3.7 Nested Logit Model
The Nested Logit model belong to the family of Generalised Extreme Value Models

(GEV). Train (2007) notes that the nested model is appropriate when the choice set
facing a decision maker can be partitioned onto subsets, known as nests, in such a way

that the following properties hold:

1. For any two alternatives in the same nest, the ratio of probabilities is independent

of all other alternatives in the nest. In other words, IIA holds within the nest.

2. For any two alternatives in different nests, the ratio of probabilities can depend
on the attributes of other alternatives in the two nests. In other words, IIA does

not hold in general for alternatives in different nests.

Let the set of alternatives j be partitioned into K nonoverlapping subsets B1, B2, ..., Bk
and called nests. The utility that individual n obtains from alternative j in nest Bk is
denoted in the usual manner Uj, = V;, + &;,. The nested logit model is obtained by

assuming that the vector of unobserved utility, &,-€p1, Eny, -, Eny has the following

. %
cumulative distribution: exp (— YK_; (% jeBy e~eni/l)" )

For any two alternatives / and » in nest By, &, is correlated with &,y,. For any two
alternatives in different nests the unobserved portion of utility is still uncorrelated:

cov(€nj, €nm) = 0 forany j € By and m € B; with i # k.

The parameter A is a measure of the degree of independence in unobserved utility
among the alternatives in nest B. A high A means greater independence and less
correlation. A value of £ = 1 means complete independence in nest By. Obviously, if x»
=1 for all nests, then the GEV distribution simply becomes the produce of

independentextreme value terms i.e. the nested logit reduces to the standard logit model.

The probability that individual 7 chooses alternative 7 from the choice set is:

Vi Ae-1

Vai ’nj
et (Y iin e M
P,(i) = Pp; = (2 jem e ) (47)

Vnj Ai
K 7
=1 <ZjEBie t )
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The parameter A, can differ over nests reflecting different correlation among
unobserved factors within east nest. However, 4, mustbe between 0 and 1 if the model

is to ne consistent with utility-maximizing behavior.

An alternative way of presenting the choice probability is by decomposing the observed
portion of utility into two parts: (i) a part labeled W that is constant for all alternatives
within a nest and (ii0 a part labeled Y that varies over alternatives within a nest. Thus you

have: Upj = Wy + Yy + &y, for j € By, where
W,k depends only on variables that describe nest k.
Y, depends on variables that describe alternative j.

In this way the nested logit probability can be writer as the product of two standard logit
probabilities. Thus the probability of choosing alternative { € By is equal to the
probability that nest By, is chosen multiplied by the probability that alternative I is chosen

given that an alternative in By, is chosen:

Py = nBy X Pni|Bk (43)

Where Pyjp,is the conditional probability of chosing I given that an alternative in nest

By is chosen and Py, is the marginal probability of choosing an alternative in nest By.

eWle+AKITLk

These probabilities can be written as Ppp, = W

eYniMK

Yni/2
Ljepe ™

Prijp, = (49)

where Iy = InYjep, e¥ni/%x s the inclusive value or inclusive utility for alternative k

(nest By).

It is important to note that the nested structure does not imply a decision tree or an
ordering of how decisions are made. The nesting is purely an empirical method for

eliminating ITA violations (Washington et al., 2010).

3.8 Summary

The Multinomial Logit model remains the most popular for several convincing reasons
(Louviere et al., 2000). Amongst these are:
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= Jtis simple to estimate,

= ]t has a closed-form specification,

® Jtdelivers fast and reliable models with acceptable tests of model performance,
® Most packaged estimation software is accessible and user friendly,

* The model often has very rich and disaggregate data on attributes of alternatives,

which makes it very robust.

The multinomial probit model is an example of discrete-choice model that can test for
the possibility that pairs of alternatives in the choice set are correlated to varying degrees.
When we relax only the MNL’s assumption of equal or constant variance, then we have

the heteroskedastic extreme value model or else heteroskedastic logit model.

Empirically, it is not easy to tell which model fits the data best. Nor we can use LRT test
or Wald test to distinguish between them. MNL has an advantage over MNP since it is
computationally simpler. Even though logit and probit produce different coefficients,

predicted probabilities will be similar. In a probit model, 0% = 1, whild in a logit is

2
s ) . . .
usually 02 = = Hence the coefficients of logit and probit are measured on different

2
scales. To compare the coefficients, the probit ones should be multiplied by % =1,81.
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4. Study Area

41 Country/Location of Study
Athens, the capital of Greece, with a population of 3,827,624 citizens (as of 201 1" due to

a rapid economic growth in late 1990’s experienced a large increase in car ownership
along with the suburban sprawl. The majority of Athens’ citizens live in the suburbs
whilst the majority of business is in the city centre. The Athens Urban Public Transport
Network is constantly growing. Athens is located in Attica Region (Figure 4-1). Attica
Region is one of the 13 Regions of Greece, including the main Grekk port city of
Piraieus. The area of the capital region is 427 km?, covering 11.2% of the total area of the

Attica Region.

4.2  Public Transport in Athens
As of July 2011, the Athens Mass Transit System consists of:

= OSY S.A. (Greck OXY A.E)

= A bus network, formerly operated by ETHEL (Etoupeia ©Oepuinav
Aewyopeiwv/Thermal Bus Company). Athens Bus Network consists of 308
Bus lines, with a total length of 6.825 kilometers, with a daily ridership of
1.250.000 passengers and 1700 buses for daily operation.

* An electric trolleybus network, formerly operated by ILPAP (Hlextponivrta
Aewyopeia AOnvov-TTepaiwe/Electric Buses of Athens—Piracus). The Athens
Trolley Network consists of 22 lines, with a total length of 379 kilometers,

with a daily ridership of 280.000 passengers and 280 trolleys in operation.

= STASY S.A. (Greek: STALY A.E)

* The Athens Tram system, formerly operated by Tram S.A. which was a
subsidiary of Attiko Metro S.A.

® The Piracus-Kifisia urban railway (ISAP), consisting of Athens Metro Line 1.

* The Athens Metro system, the construction of which commenced in 1992
and the first part started operating in 1992. It consists of Metro Line 1
formerly owned by Athens-Piracus Electric Railways (Line 1), Metro Line 2

and 3, owned by Attiko Metro S.A. and operated by AMEL respectively.

12011 Census
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* A suburban rail system using Hellenic Railways Organisation (OSE) lines,
operated by TRAINOSE S.A. under the name Proastiakos. The section between

Piracus, Magoula and Koropi is regarded as the urban part.

* A part of the OSE main line (between Piracus and Agios Stefanos) operated by
Trainose S.A.

4.3 Athens Metro

Since our study is dedicated to Metro System Disruptions we will present these systems
in more detail. The Athens Metro Network is located within the Athens basin and

services the city of Athens and a few of the neighbouring municipalities (Figure 4-1)

r
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Figure 4-1 Athens Metro location within Greece and Attica Region

The Athens Metro as mentioned earlier operates Lines 1, 2 and 3. Lines 2 and 3 serve a
total of 855,000 passengers on a daily basis (year 2013%). Nowadays, Lines 2 and 3 of the
Athens Metro are 73.3 km long in total (including 20.7kms of suburban railway line from

Doukissis Plakentias station to the Airport) with 36 modern Stations.

2 Www.ametro.gr
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Line 1 (Athens-Piraieus Electric Railways) is 25.6 km long, with 24 stations in operation,
and includes 3.1 km of underground line, while the total journey time (in one direction) is
50 minutes (Source: www.stasy.gt) . This line was built in 1869 and electrified in 1904. It
reached its full length to Kifissia in 1957 and has undergone various renovations, the
major one in view of the Olympics. It has links to both Athens Metro Lines 2 and 3 (in
Attiki and Omonoia with Line 2 and in Monastiraki with Line 3). It is also connected
with the Suburban Railway at Piracus, Larissa, and Neratziotissa stations. In addition,
Line 1 (Figures 4-2, 4-3) serves more than 415,000 per day’. The frequency of trips on
weekdays between 5:30 am and 23:30 pm is every 6 minutes in rush hour and 10 minutes

in non-rush hours (Source: www.stasy.gr).
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Figure 4-2 Athens Metro Line 1 (1930)

source ww W.stasy.gr

3 2013 Figures, source: www.stasy.gr
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Figure 4-3 Athens Metro Line 1-Piraieus Station (2013)
(source www.stasy.gr)

Figure 4-4 present the current Metropolitan railway network (consisting of metro, tram

and suburban railway) of Athens along with plans for future extensions.

B
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Figure 4-4 Map of complete Metropolitan railway network according
to recent plans for future extensions

66



CHAPTER FOUR STUDY AREA

Figure 4-5 presents the map of currest status of Athens Fixed Rail Track System (Metro,

Tram, Suburban Railway).
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Figure 4-5 Athens Fixed Rail Track System Cutrent Status
(Source urbanrail.net)

4.4  Service Disruptions in Athens

In this section we present some statistics regarding the frequency of transit strikes or
work stoppages on Athens Public Transit. In Figure 4-6 we present the number of days

that a transit service was disrupted within 2011.
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Figure 4-6 Number of days of 24hr strikes or work stoppages within 20114

4 Source (http://www.apergia.gr/index.php/info/statistics.html
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5. A Revealed Preference Survey for Metro Disruption

5.1 Introduction

Large Metropolitan areas and modern societies highly depend on well-functioning
infrastructures especially in the transport sector. Metro systems usually form the
backbone of transportation systems, particularly when these systems are integrated with
other modes of public transport. When these systems fail to operate, for any reason such
as strikes, replacement track works, new signal system, the entire transportation system is
affected. Metro systems are vulnerable to both technical (maintenance and reliability) and
anthropogenic causes such as personnel strikes, power outages and extreme weather

conditions.

However, it is difficult to compare the daily travel pattern with travel decisions over time
and during unforeseen situations. In this study, we try to relate passenger’s previous
experience on mode choice and travel times to their travel decision on transportation

alternatives during the partial closure of Metro Line 1.

Metro System operational disruptions are of particular interest to researchers as they can
severely hinder transportation patterns in metropolitan areas. Travelers may be forced to
alter their travel patterns, miss medical appointments, or even cancel their social

activities.

In this chapter we examine the impact of a 5-month Metro Line closure on the choice of
alternative modes during the closure period. Potential changes in choice of mode play
themselves out over long time horizons and it is generally unknown whether they will
have a permanent character. For example, a long-term closure of a Metro network may
lead travelers to explore alternative routes which may be more attractive, force some to
relocate or shift to car use. Our study is based on data collected from Metro users on
actual mode choices during the closure and a few weeks following system restoration.
Questions asked during the closure include: in what ways are commuters affected from a
Metro closure? Which mode do they use during the closure? How sensitive are they to
increased travel times during the closure period? We address the impacts of the closure

on commuters during and after line restoration.

In summary, travel-pattern changes during disruptions in transportation systems have
not attracted considerable interest in the literature, despite the practical importance it has

for planners and policy makers. Disruptions on Metro systems resulting from
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maintenance upgrade works occur occasionally; however there are no available studies
that examine the effects of a long-term disruption on traveler choice of mode during the

closure.

5.2  Background
In 2009, the Athens Metro Line 1 (Figure 4-1) managing authority (now called STASY-

ex named ISAP) programmed a series of partial closures of the line due to major
renovation and upgrade activities during weekend and weekdays). Unfortunately, due to
the high complexity of Metro Line 1 renovation tasks (a line being over 100 year old with
increased upgrade needs and crossing archaeological sites) and its high daily ridership of
over 470,000 passengers1 (which led to the need of at least partial operation of the line in
some sections), programming and completion of activities (and therefore closures) was
highly uncertain and could not confront to the original schedule of works. As a result,
while replacement bus routes were established along disrupted parts in a case-to-case
basis, passengers were not adequately informed about their operations. Replacement
shuttle bus services were running along the disrupted route serving all intermediate
stations. These services were running with a frequency of 10-15 minutes. Furthermore,
no fixed headway was kept in operating parts of the line and bus replacement line usage
led to a considerable increase in travel times. Transport operators claim that 2009 and
2010 include the most aggressive track and station-work schedule in the Athens Metro

history.

During the closure, annual Metro travel cards could be used on all modes of public
transportation. In Athens, working is still connected to the traditional office space and
only 1% (European Foundation for the Improvement of Working and Living
Conditions, 2009) of the employed population uses new technology and makes different

work arrangements.

5.2.1 Data Collection

This section describes the results of a travel diary questionnaire survey conducted among
Metro Line 1 travelers in Athens effectively after the restoration of the line’s operations.
The survey was designed to reveal Metro users’ behavior as a result of a 5-month
programmed partial closure of Athens Metro Line 1. The survey focused on identifying

the criteria that affect travel behavior of Metro users under planned line closures.

! Source: Athens Metro Development Sudy, 2008 survey, Trademco-ADO
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The study proposes an analysis of the mode choice behavior of Metro passengers using
RP data. Since actual travel data could not be gathered during the closure, we conducted
our survey once the line was opened. Estimation of discrete choice models generally
relies on RP data when analyzing travel behavior on existing transport alternatives,

systems and facilities (Dissanayake, 2010).

Extensive analysis has been conducted covering aspects as diverse as factors affecting the
alternative mode choice, the effect of the partial closure on travel times, the distribution
of mode choice across different trip purpose, the relationship between trip duration and

alternative mode choice.

Various travel surveys have shed light on the factors that affect mode choice. Travel time
uncertainty makes the traveler incur costs in the form of uncertainty of travel time and
possible rescheduling costs (Van Loon et al.,, 2011). Significant factors that have been
used in other surveys to describe travel behavior include among others trip’s origin and

destination, trip purpose, trip duration, access and egress mode and cost.

In the 4 weeks following the line’s restoration 1612 travelers were approached on the
Metro platforms with a travel questionnaire (Pnevmatikou and Karlaftis, 2011). The
questionnaire asked for people’s opinion regarding the closure, whether it interrupted
their regular travel and, if so, how they solved their transportation problem resulting
from the closure. Next, respondents who had indicated that they had been affected by
the closure (70% of the data set or 1117) were asked to describe how they dealt with the

closure.

Respondents were asked to specify the alternative modes they used during the closure.
The choice set comprised of the available modes (bus, suburban rail, tram, taxi, car,
bicycle, motorcycle, Metro). The survey included questions on origin-destination, any
extra costs for parking or taxi fare, door-to-door travel time, time of departure, number
of transfers within the journey, egress and access modes to the station and reason for

commuting during the closure and a few weeks after the line’s restoration.

Additionally, we asked questions regarding the reasons behind the choice of mode during
the closure; whether it was due to time restrictions or due to monetary costs, or even
because travelers felt that the disrupted network was unreliable in terms of arrival and
departure times. Other criteria include safety, lack of information on alternative modes,

habit and inertia.
71



CHAPTER FIVE A REVEALED PREFERENCE SURVEY
FOR METRO DISRUPTION

5.2.2 Data Description and Analysis
Figure 5-1 depicts the partial closure of Line 1 (in yellow). The basic characteristics of

Metro Line 1 are presented in Chapter 4.

The line closed in November 2009 (the part between Tavros and Faliro), reopened a
month later and in January 2010 the part between Kallithea and Faliro was closed and
reopened in May 2010 with reduced service and ongoing upgrade work. This is the part
of the section connecting the Athens downtown area and the port of Piraecus with
stations serving densely populated areas. Note that the municipalities including the
affected stations are among the most populated in Attica Region, according to the last
census (April 2011). During the closure, travelers had two options: either travel on the
partially disrupted Metro line 1(in green) and use alternative modes to travel along the
closed route (in yellow), or shift away from Metro Line 1 (yellow/green) to alternative

modes for the entire trip.
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Figure 5-1 Partial closure of Metro Line 1 between Faliro and Tavros (closed section is in
yellow)

During the partial closure of Metro line 1, there was no real time public transit
information, and no fixed headways between train arrivals. This lack of information can
act as a barrier to individuals traveling on this route. As a result Metro travelers have
been experiencing significant delays on their trips as a result of reduced service. In order
to minimize the disruptions, the transport operators introduced a number of replacement

bus services named X13, X14, X16, X17 running along the disrupted route.
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In all these situations of scheduled or not Metro line closures, passenger demand has
been affected as a result of passenger shifting to alternative modes (buses, private cars,
taxis). This change in passenger demand is mostly reflected by an increase in car usage

and consequently in road traffic.

5.2.3 Survey Design
The data required for investigating travel behavior caused by the 5-month closure of the

line was collected with the use of questionnaires. We adopted a paper-based survey
approach to collect information from Metro travelers for several reasons. The survey was
conducted in early June 2010 on the platforms of Metro Line 1 stations. The interviewers
had sufficient time between train arrivals to undertake the survey since the frequency of

Metro line 1 was around 6 minutes in peak hour and 10 in off-peak hour.

The questionnaire contained a series of RP questions, where respondents stated their

mode choice in two different situations:

1. During a partial Metro closure
2. When the line reopened

We label the first trip the ‘alternative trip’ and the mode of transport on the alternative
trip is denoted the ‘alternative mode’. We label the second trip the ‘current trip” and the

mode of transport on the reference trip is denoted the ‘current mode’ (See figure 5-2).

Questions regarding the trip Questions regarding the recent

during the Metro closure trip (of the day of the sutvey)

NN

‘Alternative ‘Alternative ‘Current ‘Current

Trip’ mode’ Trip’ mode’

Figure 5-2 Graphical representation of the definitions used in the analysis of the
questionnaire
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Each respondent was asked to report the departure time, the trip time, cost (taxi fare or
parking cost, there was no extra cost for public transport), origin and destination of trip,
access and egress modes to the Metro stations and purpose of the trip. All of the
variables (except for cost) referred to both the alternative and the current trip.
Afterwards respondents were asked to report the criteria based on which they chose the
alternative mode. They could choose between six (6) criteria such as travel time, travel
cost, safety, reliability, lack of information, car availability or report their own different

one.

In the RP survey stated above respondents were primarily asked whether the partial
closure of the Metro network affected their usual way of travelling. The question was
phrased as “Has the partial closure of the network affected your usual way of travelling
by Metro?” If the respondent answered they he had not been affected by this disruption,
the survey was stopped. The respondents who have been affected by the closure were
then asked to report the alternative way of travelling during the disruption and to state
whether they have been using the Metro line 1 for part of their trip or they have shifted
to alternative ways of travelling. It has been assumed that all modes are deterministically
available to the individual. Information on car availability was collected on further

question. The sets of choices given to the individuals are as follows:
1. Car (as driver)
2. Car (as passenger)
3. Bus/electric trolley bus
4. Metro Lines 1,2 and 3
5. Tram
6. Suburban railway
7. Bicycle
8. Pedestrian
9. Motorcycle

10. Taxi
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11. Other

These categories can be broadly categorized into the following 4 groups:

1. Public Transport Group; includes all Fixed Rail Track networks plus trolley/bus
2. Car group; includes car driver and passenger

3. motorcycles, bicycles, pedestrian

4. Taxi Other;

The candidate trip characteristics that have affected the choice set generation process

are:

1. Departure time of day
2. Ttip purpose

3. Car availability

4. Travel time (door-to-door : including in-vehicle time, waiting time, parking

search time, walk time) of alternative trip

5. Travel time (door-to-door: including in-vehicle time, waiting time, parking search

time, walk time) of current trip
6. Travel cost

Travel purpose was categorized as follows: (1) work, (i) education, (iii) {socialy (iv) other.
The data from the completed survey was imported in Microsoft Access and then into
SPSS to label and code the variables appropriately. Finally screening and cleaning steps
were undertaken to ensure consistency of the records. Records with missing data were
deleted or completed if sufficient information existed. A total of 1612 questionnaires
were collected, based on the 2% of the daily passengership of each surveyed station. The

final sample included 1593 complete and valid questionnaires.
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5.3  Analysis and Results

5.3.1 Distribution of Respondents on Modes

The initial interesting result of the survey was the determination of the proportion of
Metro passengers affected by the closure. As can been seen from Table 5-1, a 70% (1117
questionnaires) of Metro’s passengership had been affected by the partial closure, while
30% (476 questionnaires) reported that they were either tourists or non-regular users of
the Metro. The latter were thanked and stopped the survey, as they were out of the

targeted survey population.

Table 5-1 Mode choice statistics per alternative trip

No of passengers Percentage
Affected by closure 1117 70%
Not affected 476 30%
Total 1593 100%

From those individuals who reported “affected by the closure”, only 643 (58%)
continued using Metro Line 1 for part of their trip despite the long delays. The remaining
474 (42%), who reported that their trip had been altered in some way due to the
disruption, shifted to other modes and did not use Metro line 1. We label the former as

Group 1 and the latter as Group 2 (Figure 5-3).
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Sample of 1593 travelers

Affected by the 5- Not affected by the 5-
month closure month closure

(70%) (30%)

GROUP 1 ‘ (€3:40]8) i/

Continued using Metro Line Did not use Metro Line 1
1 (the operating section) during the disruption
during the disruption 42% (including travelers who
58% in combination with used X13 bus bridge service)
other modes(e.g. X13 bus- \
bridge setvice, car, other bus
services etc)

Figure 5-3 Travelers’ response to the 5month closure

The results of the survey, also, revealed some interesting characteristics of Metro
passengers’ behavior. It appears that a large percentage of passengers of Group 1 use a
combination of modes to get to their destination (Table 5-2) on their alternative trip. All
passengers falling in the Group 1 category used a combination of Metro plus one or two
other modes to reach their destination during the disruption. Due to limited network
coverage only 13% of passengers who continued to use Metro Line 1 despite its partial
closure, used only one mode including the Metro system during the closure period.
About half of the Metro passengers (58%) used the replacement bus service only, for
their trip between the disrupted stations. It is obvious that only 7% of passengers used

private modes (car, taxi) to complete their trip.
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Table 5-2 Mode combinations per alternative trip for Group 1

Type of Mode Mode combinations No of respondents Percentage
CAR (DR OR PAX) 23 4%
BUS (normal service) 56 9%
X13 (replacement bus 374 58%
service)

Metro Passengers BUS-X13 60 9%
TAXI 18 3%
BUS-TAXI 12 2%
WALK 86 13%
OTHER 14 2%

All All 643 100%

Results are quite different in Group 2, as shown in table 5-3. For example, about half
(43%) of the ex-Metro passengers used bus services just for their daily trip during the
closures, while 32% shifted to other (mostly private) modes (19% used cars, 12% used
taxi, 1% used bikes).

Table 5-3 Mode combinations per alternative trip for Group 2

Type of Mode Mode combinations No of respondents Percentage
CAR (DR OR PAX) 91 19%
BUS (normal service) 166 35%
X13 (replacement bus service) 22 5%
BUS-X13 13 3%
TAXI 59 12%

Ex Metro Passengers METRO 21 4%
CAR-METRO 11 2%
BUS-TAXI 11 2%
BUS-METRO 52 11%
WALK 13 3%
OTHER 15 4%

All All 474 100%

Table 5-4 summarizes the sample distribution on alternative mode groups for groups 1
and 2 respectively. Individuals had in most cases used a combination of modes to get to
their final destination but in most cases they only used one group of modes (public

transport or taxi or car).

Table 5-4 Mode choice statistics per alternative trip

Public transport

Alternative Trip Car group Taxi Taxi
group

Group 1 532 23 32 112

Group 2 310 110 77 23
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Findings indicate that the majority of train users (in both groups 1 and 2) chose the
lowest cost mode (public transport) as an alternative mode to Metro Line 1 during the
closure. In Group 1 there is a larger tendency to use public transport for the disrupted
part of the trip. This finding is expected as public transport for those 5 months and
between those disrupted stations was free for all public transport card and ticket holders.
No additional fee was charged for an extra transfer on the public transport network due
to the closure. During the disruption, the Athens Metro Company had provided an extra
bus running free of charge every 5-10 minutes between the disrupted stations. The
second highest share of train users in Group 1 decided to either walk (mode
group:”Other”) or take a bike between the closed stations. Note that the distance
between closed stations is 15-20 minutes’ walk, so it is easy for someone to walk or cycle.
Park and ride or taxi had a low share among train users in Group 1. In Group 2 though,
respondents were more willing to shift to their cars in order to get to their destination,

compared to Group 1.

Note that the total of each group does not add to the total of responses because most
travelers used more than one mode of each group. For Group 1 and specifically for
Public Transport group, maximum number of modes used within this group was 3
modes. In simple words, passengers from Group 1 had to transfer maximum two times
(eg. change 2 buses or use Metro and bus). Tables 5-5 and 5-6 present the number of
total respondents with respect to their access and egress modes during their current trip

for Groups 1 and 2 respectively.
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Table 5-5 Mode choice statistics per access mode of current trip

Public Transport

Current Trip Car group Other Taxi Metro Line 1
group

G 1 190 24 423 6 643

T
0P (307%) (4%) (66%) (1%) (100%)

180 24 267 3 474

Group 2
(38%) (5%) (56%) (1%) (100%)

Table 5-6 Mode choice statistics per egress mode of current trip

Current Trip Public Transport group Car group Other Taxi Metro Line 1
157 28 452 7 643

Group 1
(24%) (4%) T0%)  (1%)  (100%)
108 20 343 3 474

Group 2
(23%) (4%) T72%)  (1%)  (100%)

Most of the respondents of both groups walked to the Metro stations of Line. This
finding is consistent with a survey conducted on behalf of Athens Metro in 2008
(TRADEMCO - ADO, 2010) which stated that 65% of travelers who use Metro Line 1
walk to the stations (62% access and 69% egress mode). The second most popular access
and egress mode to the stations is public transport. Car was found to be the least
preferable mode (4-5%). Both tables indicate that Metro travelers are frequent public
transport users for the whole length of their trip. This is the case for most Metro stations
within the inner city centre as very few Metro stations offer free park & ride facilities for
Metro travelers. Only 4% of Metro passengers (in Groups 1 and 2) uses car in order to

access or egress the Metro stations.

Table 5-7 shows how respondents chose their alternative mode of travel during the

network closures.

Table 5-7 Mode choice and criteria

Cost Time O . Security Reliability N0 PHOT Other Total

availability information* reasons
Group1 267 271 50 6 43 63 79 643
Group2 96 324 62 3 23 16 65 473

*about station closure and service adjustment

The figures in Table 5-7 reveal some interesting characteristics of the different groups.
First, Group 1 chooses the lowest cost and fastest mode, while in Group 2 there is a
larger tendency to choose the fastest mode. Time values more for those who shifted

away from Metro during the closure.
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There are sufficient observations in Group 1, that indicate that passengers chose the
alternative mode because they were not informed about the closure or they had no
information on alternative routes and modes. Many respondents indicated that it was
their “only alternative” and they could not specify some other criteria. This answer could
be related to the density of the area and the lack of inadequate public transport network

of the area or even more to car availability.

Table 5-8 summarizes the mode choice distribution on alternative mode compared to the

purpose of the trip.

Table 5-8 Mode choice and purpose of travel

Work Education Social Other Total
Responses
Group 1 369 136 73 65 643
Group 2 305 70 47 52 474

It is interesting to compare Group 1 and Group 2 in context of trip purpose. Before we

do so we stress that such a comparison has its limitations for the following reasons:

* There is one category of travelers who did not return to using Metro even when
the stations reopened. This percentage of train users was not easy to find and

contact.

* The survey took place just a few weeks after the line was opened and therefore,
there might be a portion of travelers who were not informed about this. This

implies that the system might not have reached equilibrium at that point.

The figures in Table 5-8 indicate that there is a larger share in Group 2 of commuters
(64.3%) compared to commuters in Group 1 (57.4%) who chose to shift to alternative
modes other than Metro line 1 which was disrupted at the time. These findings support
that commuters are inflexible with time and prefer shifting to alternative modes to avoid
delays and use more reliable modes. In addition, there is a lower share of students in
Group 2 (14.8%) compared with Group 1 (21.1%). This finding could indicate the fact

that students are more flexible in travel time and less flexible in travel cost.

5.3.2 ‘Travel Time and Mode Choice

It is interesting to compare travel time between the alternative trip and the current trip

(Table 5-9).
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Table 5-9 Travel Time-Group 1

Mean travel

. Total time MIN  MAX  STDV a/0,1*u
Scenario i
Responses (minutes)
During Closur'e— 643 63.57 15 150 26.36 4,14
Alternative Trip
Y - 4773
Today travel 643 45.90 5 120 21.69 ’

Current Trip

Average travel time for passengers during closures was approximately 64 minutes, while
after stations were opened average travel time was calculated 19 minutes less (~46

minutes).

In order to get better understandings of travel time saving or loss due to the mode shift
during the 5-month closure, travel time is split into three time groups so as to describe
short, medium-size and long trips. Therefore, trips that last up to 45 minutes are
categorized as short trips, trips between 45 and 75 minutes are considered as medium-

size trips and trips longer than 75 minutes are considered as long trips.

Tables 5-10, 5-11 and 5-12 present the saving or loss in travel time due to the disruption

by the Metro line closure for each time group and for Metro travelers that fall in Group 1.

We define as travel time difference (T'TD) the difference in travel time of alternative trip
minus the travel time of current trip. When TTD is positive, it means that passengers
traveled longer than usual during the closure (time loss). When TTD is negative, it means

that passengers saved time given the mode choice they made for the alternative trip.

Travel Time difference (TTD)= Travel time of “alternative trip”’-Travel time of

“current trip”
When TTD>0 is time loss
When TTD<O0 is time saving

When TTD=0 no time saving
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Table 5-10 Group 1-TTD for short alternative trips

TTD Percentage
No time saving 12%

5 12%

10 34%

15 19%

20 8%

25 6%

30 2%

35 3%
Negative 4%

As shown in Table 5-10, 80% of Metro passengers who on current trip reported that
they travelled short daily trips (0-45minutes), shifted to alternative modes and traveled up
to 25 minutes more during the closure. Only 4% of travelers saved time during closures

by shifting to other transportation alternatives.

Table 5-11 Groupl-TTD for medium-size alternative trips

TTD Percentage
No time saving 13%
5 3%
10 15%
15 24%
20 19%
25 5%
30 10%
35 2%
40 2%
>40 4%
Negative 2%

Regarding medium-size trips, 80% of Metro passengers who on current trip reported that
they travelled longer daily trips (45-75minutes), shifted to alternative modes and traveled
up to an additional 35 minutes during the closure. Half of them travelled 15-20 minutes

longer than usual.
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Table 5-12 Group 1-TTD for long alternative trip

TTD Percentage
No time saving 8%
5 1%
10 6%
15 6%
20 22%
25 4%
30 29%
35 1%
40 6%
>4() 17%
Negative 0%

Table 5-12 shows that passengers traveling long distances faced the biggest disruption
during the closure and this is approximately up to 40 minutes for the 80% of the
passengers. A third of the travelers who fall in this category travelled longer by half an

hour.

Table 5-13, 5-14 and 5-15 present the saving or loss in travel time due to the disruption

by the Metro line closure for each time group and for Metro travelers that fall in Group

2.

Table 5-13 Group 2-T'TD for short alternative trips

TTD Percentage

No time saving 13%
5 10%

10 11%

15 4%

20 4%

25 2%
Negative 56%

Metro passengers who shifted to alternative modes and did not use Metro Line 1 during
the closure travelled quicker to their destinations during the closure as shown in Table 5-
14. Only a 30% of Group 2 passengers faced delays during their alternative routes. More
than half of them travelled faster to their destinations during closure. This is partly
because they used mainly private means and therefore avoided transfers and partly

because they shifted to taxis.
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Table 5-14 Group 2-TTD for medium-size alternative trips

TTD Percentage
No time saving 13%

5 3%

10 15%

15 15%

20 14%

25 3%

30 11%

>3(0) 9%
Negative 17%

Table 5-14 indicates that more than 75% of the passengers who traveled either by car or
public transportation during closure for more than 45 and less than 75 seem to have

experienced significant delays of up to 30 minutes.

Table 5-15 Group 2-T'TD for long alternative trips

TTD Percentage
No time saving 11%

5 1%

10 3%

15 7%

20 10%

25 27%

30 4%

>3(0) 35%
Negative 6%

Finally, the longer a trip was the less saving it had with respect to the alternative chosen
route (Table 5-15). Only a 6% of this category of passengers travelled faster to their

destination during their alternative trip compared to their current trip.

5.4 Theoretical Framework

The theoretical basis for modeling the choice of mode during the closure period is
random utility theory. Each traveler chooses whether to use the disrupted part of Metro
Line 1 during the 5month closure that determine utility maximization based on the
attributes of interest. Heterogeneity among travelers leads to variation in choices.

Variation in choices leads to variation in attribute levels.

The overall utility the traveler n derives from choosing mode 7z Uy, consists of a

deterministic component Vj, and a random component &;,. The deterministic
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component is modeled as an indirect utility function conditional on the vector of choice
of mode attributes and the vector of traveler and trip characteristics which are specific to
individual traveler and influence utility. Denote P, (i) as the probability that the traveler
n chooses mode 7 (in our case travel on the disrupted part of the Metro Line 1) rather
than mode j (choose alternative way of travel during the 5month closure) among all the
feasible alternative modes available in the set C,. If the random components are
identically and independently distributed (IID), Type I Extreme Value, then P, (i) is of

the logit form:

Py, = Prob (Viptepy = Viptepn 1 j € Cy) = exp (Vip) / Zj€Cy exp Vin) -

Since metro users surveyed are presented with two base choices (either continue traveling
on the disrupted line and for the disrupted part used other modes, either shifted to other
modes), the structure of the set of choices Cyrestricts to two.

The demand model describing the revealed preference data assumes that individual
traveler / allocated its income between a composite commodity and a recreation
commodity. This allocation depends on the travel cost of each trip and other factors
denoted Xx;.

We developed a model to focus on the choice of mode during the closure period. Table

5-16 presents traveler characteristics.
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Table 5-16 Sample characteristics

Characteristics Type Statistics % Description

Number of cases 1593

Impact on commuters

YES Dummy F(1)=1117 70% =1 if closure affected travelers

NO F0)=476  30%  =0if not

Use of disrupted Metro Line 1 duting closure as primary commute mode

YES Dummy F(1)=643  58% =1 if traveler remained on the disrupted
Metro during closure

NO Dummy F(0)=474  42% =0 if shifted to alternative modes during
closure

Travelers using car (not Dummy F(1)=92 8% =1 if travelers used car

as primary mode) after
the line’s restoration
F(0)=1025 92% =0 if otherwise

Travelers who used car Dummy F(1)=138  12%  =1if travelers used car
during closure

F(0)=979  88% =0 if otherwise

Travelers who used Dummy F(1)=485  43%  =1if travelers used replacement bus service
replacement bus services
during closure

F0)=632  57%  =0if otherwise

Average travel time 57.48
during closure
Travel_Time_0-20 min Dummy F(1)=106 9% =1 if travel time during closure is >0 and

<20 mins
F0)=1011 81% =0 otherwise

Travel_Time_21-40 min ~ Dummy F(1)=257  23% =1 if travel time during closure is 21 and <40
mins
F(0)=860  77% =0 otherwise
Travel_Time_41-60 min ~ Dummy F(1)=410  37% =1 if travel time during closure is< 41 and

>60 mins
F@0)=707  63% =0 otherwise
Travel_Time_60+ min Dummy F(1)=344 31% =1 if travel time during closure is > 60 mins

F(0)=773  69% =0 otherwise

Average travel time after line’s 45.29
restoration
Travel Time 0-20 min Dummy F(1)=178 16% =1 if travel time during closure is > 20 mins

F0)=939  84% =0 otherwise

Travel_Time_21-40 min ~ Dummy F(1)=395 35% =1 if travel time is > 21 and <40 mins

F(0)=722  65% =0 otherwise

Travel_Time_41-60 min ~ Dummy F(1)=366  33% =1 if travel time >41 and <60 mins

F(0)=751 67% =0 otherwise

Travel Time_ 61+ min Dummy F(1)=178  16% =1 if travel time > 60 mins

F(0)=939  84% =0 otherwise

Number of transfers during closure

(n modes-1)
Transfer_0 Dummy F(1)=451 40% =1 in case of no transfers
F0)=666  60% =0 if otherwise
Transfer_1 Dummy F(1)=392  35%  =1in case of 1 transfer
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F(0)=725 65% =0 if otherwise

Transfer_2 Dummy F(1)=220 19% =1 1in case of 2 transfers
F0)=897  81%  =0if otherwise
Transfer_3+ Dummy F(1)=54 1% =1 in case of 3 or more transfers

F(0)=1063 99% =0 if otherwise

Number of transfers after line’s

restoration

Transfer_0 Dummy F(1)=312  28% =1 in case of no transfers
F0)=805  72% =0 if otherwise

Transfer_1 Dummy F(1)=527 47%  =11in case of 1 transfer
F0)=590  63% =0 if otherwise

Transfer_2 Dummy F(1)=268  24% =1 1in case of 2 transfers
F(0)=849  76% =0 if otherwise

Transfer_3 Dummy F(1)=10 1% =1 in case of 3 transfers
F(0)=1107 99% =0 if otherwise

Work Dummy F(1)=674  60% =1 if travel purpose is work
F(0)=443  40% =0 if otherwise

Education Dummy F(1)=206  18% =1 if travel purpose is education
F0)=911  82% =0 if otherwise

Social Dummy F(1)=120 11% =1 if travel purpose is social
F0)=997  89% =0 if otherwise

Other Dummy F(1)=117  11% =1 if travel purpose is other

F(0)=1000 89% =0 if otherwise

The most important explanatory variables included travel time post-disruption, departure
time, main trip purpose, transfer inconvenience (measured as number of transfers within
a journey), and use of car (as egress or access mode to the Metro stations) post-

disruption.

More than half (58%) of those affected continued using the disrupted network despite
the significant delays, while the remaining (42%) shifted to alternative modes other than
Metro (Table 5-16). Results showed that travel times during the closure changed
moderately compared to travel times post closure for the travelers who remained on the
disrupted network and used the operating part of Metro Line 1. Average travel time for
these passengers during closures was approximately 61 minutes (standard deviation=
26.39), while after stations were opened average travel time was calculated 12 minutes
less (~49 minutes and standard deviation= 25.44). On the other hand, travelers who
shifted away from Metro Line 1 and did not use the disrupted part of Metro Line 1

during the closure, experienced much shorter travel times with an average of 49
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(standard deviation=25.5) minutes during the closure compared to 45 minutes (standard

deviation=21.0) reported post closure (an average 4 minute delay).

Interestingly, 754 out of 1117 (about 68%), travelled longer than 40 minutes during the
closure period, while post-disruption only 544 out of 1117 (about 48%) travelled longer
than 40 minutes. A significant share of travelers (42%) changed their daily commuting
route because of increased travel times. Surprisingly, post-disruption the number of
travelers who reported making 2 transfers during their journey increased. This may have
happened because during closure travelers adopted alternative longer routes probably at a
greater cost, including fewer transfers. We excluded travelers who reported not being
permanent residents of Athens, and were out of the disrupted region for the entire

period of the closure.

5.5 Impacts on Commuters

In the survey we asked two general questions: a) journey travel time during the closure
period and, b) journey travel time once the line was restored. Questions regarding travel
cost were not included in the survey as it would have been difficult for the travelers to
recall and calculate in such short time (note that the collection of the questionnaires took
place on the platforms while waiting for the metro), especially for the those who used
either a combination of modes during the closure or used private modes. Another reason
was that travelers with weekly/monthly/yearly travel cards were offered free rides on the

the buses and the tram network for the entire period of the disruption.

Comparing post disruption travel time to travel times during the closure (Table 5-17), we
found that travel conditions (in terms of travel time) were worse for 50% of travelers
during the closure. Similar percentage (40%) reported encountering delays of up to 10
minutes. Only 10% of travelers reported that travel conditions were better than usual. It
appears that alternative modes/routes adopted by some commuters actually improved

travel times possibly of course at higher costs.
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Table 5-17 Travel conditions during closure

N %
Much worse in relation to usual travel time (Number reporting delays>10 min) 561 50%
About the same (0<At<10 minutes) 451 40%
Much better (Number reporting arriving faster than normal; At<0) 105 10%

Total  100%

As earlier discussed, a large proportion of travelers shifted away from Metro Line 1
during the closure to avoid excessive delays. Travelers were asked whether during the
closure they used a different mode of travel than they normally would. Travelers who did
not remain on Metro Line 1 were then asked which mode(s) they used. The objective of
this study is to know the overall shares of people who changed their use of mode. Table
5-18 presents the modes used during the closure and the change in shares during the
closure. Table 5-18 indicates that, during closure, 5% of respondents increased car use
(either as driver or passenger), 8% increased taxi use, 43% used the replacement bus

services which run along the disrupted route, and 1% increased their use of the suburban

rail line.
Table 5-18 Mode shares during closure and after restoration
Drive Taxi Use replacement Bike/ Tram Bus Metro
bus service Motorcycle/ lines
Other

During closure 13%  10%  43% 1% 2% 32% 12%
Following line’s 8% <2% n/a 2% <2%  47% 38%
restoration

Change in shares ~ +5%  +8% +43% -1% +1%  -15% -26%

Table 5-19 presents traveler criteria regarding mode choice. Interestingly, time
constraints were reported to be the primary criterion for travelers followed by cost
constraints. Most travelers reported both time and cost. Interestingly, many travelers

reported that habit and inertia were the main reasons for remaining on the disrupted

network.
Table 5-19 Criteria for Mode choice during the closure
. . Car . NN No prior .
Criterion Cost Time availability security Reliability information* Habit
No of 363 595 112 9 66 79 144
respondents

* about station closute and service adjustment
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5.6 Alternative Travel Pattern Model

Choice models are widely used in transportation, economic and marketing fields to
model the choice of one among a set of mutually exclusive alternatives. This study aimed
to model the use of the operating part of Metro Line 1 during the closure using the
Binary Logit model (Washington et al, 2010). When travelers are faced with two
dominant alternatives, the situation is termed as a binary choice set. Model estimation

was done using the NLOGIT software package (v5.0).

The dependent variable in the model developed is the ‘use of the partially disrupted
metro network during the 5-month closure of Athens Metro Line 1. A value of zero was
given to those travelers who did not use the partially disrupted metro network during the

5-month closure while the value of 1 was given to those who used it.

Consequently, the probability Py, that the traveler n chooses mode i (in our case travel
on the disrupted part of the Metro Line 1) rather than mode j (choose alternative way of
travel during the 5month closure) among all the feasible alternative modes available in
the set C,. If the random components are identically and independently distributed

(IID), Type I Extreme Value, then Py, is of the logit form:

Pin = Prob (Viptep 2 Vintejn 1) € Cp) = exp (Vin) / 2 j€C, exp (Vi)

The model application is based on the utility theory, which assumes that the decision-
maker’s preference for an alternative is captured by a value called utility. The overall
utility the traveler #» derives from choosing mode 7 U, consists of a deterministic
component [, and a random component ¢, which measures all the unobserved attributes
related to the utility. The deterministic component is modeled as an indirect utility
function conditional on the vector of choice of mode attributes and the vector of trip

characteristics which are specific to individual traveler. The utility of traveler # when

choosing alternative 7 is defined as:

Uin=Vin+ &

Where
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Vin = asc; + ﬁ,-xin and,

B is the coefficient associated with the alternative
Xin is the variables value

asc; is the constant estimated by the model

Since metro users surveyed are presented with two base choices (either continue traveling
on the disrupted line and for the disrupted part used other modes, either shifted to other
modes), the structure of the set of choices C, restricts to two. The parameters 3 are

estimated using the econometric software NLOGIT package (v5.0).

We develop a binary choice model for the choice of alternative travel patterns during a
5month closure of Athens Metro Line 1. The trips of each respondent are defined by the
origin and destination pairs that are differentiated for each respondent and are
differentiated for their choice to use or not the operating part of the partially closed
Metro Line 1. The choice situation i is defined for each respondent n with a choice set of
two alternatives in the market segment represented by I.. The index i in choice set I
carries the information of whether the traveler used or not the operating part of partially

disrupted network.

5.7  Analysis of Results

Using the data collected we developed a model to forecast the use of the disrupted Metro
Line 1 during the 5-month closure. The explanatory variables collected from the survey
which were included in the model are: travel time post-disruption, education as journey
purpose, transfer inconvenience (measured as number of transfers within a journey), and
use of car (as egress or access mode to the metro stations) post-disruption. Inclusion of
other parameters did not provide any significant improvement in the likelihood ratio test.

Table 5-20 presents the estimated parameters.
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Table 5-20 Binary Logit Model: estimation results for travelers who reported
affected by the 5month Metro closure

Travelers affected by the closure

Binary Logit

Attribute Choice Coefficient  t-stat p-value

Constant Metro -1.096 -5.279**  (0.000

Travel time 20-39 mins -0.493 -2.042%% 0.040

Post-disruption 40-59 mins -0.691 -2.755%* 0.006
>60 mins -1.086 -3.530*  (0.000

Transfer inconvenience 1 2.761 15.632%**  (0.000

during closure 2 5.139 12.534%*  0.000
3 or more transfers  5.215 7.000%** 0.000

Purpose Education 0.403 1.960* 0.050

Used car post disruption -0.202 -0.640n/s  0.522

Valid observations 1117

Log likelihood -454.956

Restricted Log likelihood -761.411

McFadden Pseudo Rho-square 0.402

n/s not significant at 10% level
*, Bx FEE significant at 10%, 5%, 1% level.

Factors that prove most influential in predicting the use of the operating part of the
disrupted Metro Line 1 include influence of usual travel time (before or post closure),
number of transfers within a single journey during the closure and trip purpose. We
assumed that travelers who use car as part of their journey before or after closure might
be more prone to use it during the closure. “Travelling for education purposes’ is found
significant at the 90% confidence level. Among the variables tested, all had significant
contribution to the model. Socio-economic variables were not collected as part of this
study due to time constraints and mainly because travellers were particularly disappointed
by the experienced delays and further questions on their economic and employment
status were excluded from the study. One other reason was the limited available time for
the survey and the fact that it was face-to-face and would probably not provide the

researchers with real data as travellers tend to overestimate these answers.

Some interesting results emerge from the estimated model. We note that the model
provided the expected signs for all independent variables. We assume that travel time
post disruption is approximately the same with travel time before closure and hence
travellers might decide on whether to use the disrupted Metro or not during a closure

based on their past experience of travel before the Metro closure.
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For journey travel time, all the parameters have large negative values, indicating that for
short journeys (base alternative of 0-20 minutes), travelers remained on the operating
part of Metro Line 1. Travel time post disruption was found to have a notable impact
with longer journeys more likely to be shifted to alternative modes other than Metro Line
1. For example, travelers who normally travel 60 minutes or more have a higher disutility
(coefficient of -1.086) for remaining on the disrupted network compared to travelers who

normally travel between 20 and 60 minutes.

The coefficient of ‘transfer’ is highly significant and positive indicating that the utility of
remaining on the disrupted Line increases with the number of transfers. Interestingly,
travelers who make 2 or more transfers during the closure are more likely to remain on

the metro network compared to those who make 1 transfer.

Students and travelers who made more than 1 transfer during the closure, have an
increased flexibility with travel time. Interestingly, students have a higher probability of
using Metro Line 1 during the disruption, probably due to cost constraints and time

flexibility and unavailability of alternative modes to travel.

Opverall, the increase in travel time yields a decrease in the overall utility to travel on the
disrupted Metro Line during closures. By contrast, the increase in the number of
transfers during the closure yields an increase in the overall utility to travel on the
disrupted Metro Line during closures. The marginal effects of each variable on each

behavioral response are presented in Table 5-21.

Table 5-21 Binary Logit Model: marginal effects on choice probabilities

Travelers affected by the closure

Binary Logit

Attribute Choice Dy/dx p-value t-stat
Travel time 20-39 mins -0.114 .044 -2.015
Post-disruption 40-59 mins -0.161 .007 -2.714

>60 mins -0.261 .000 -3.539
Transfer inconvenience 1 0.504 .000 16.516
During closure 2 0.588 .000 25.689

3 or more transfers 0.405 .000 16.159
Purpose education .0876 .050 1.960
Used car post disruption -0.047 .531n/s -0.627
Valid observations 1117

n/s not significant at 10% level

Reference case: a captive public transport traveler who is intended to make a short journey (<20minutes) for
business ot social purposes, without making any transfers during the closute. Matginal effect (dy/dx) is for
discrete change of dummy variable from 0 to 1.
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Table 5-21 indicates that travelers who make 1 and 2 transfers are more likely to remain
on the disrupted Metro network during the closure. The same is true for students.
Travelers who make longer trips (>60 mins) are much less likely to remain on the
disrupted network during the closure period and more likely to shift to alternative modes.
Interestingly, choice of using the operating part of the disrupted network during closure
is not sensitive to usual travel time before or after the disruption (elasticities of -0.114,-
0.161,-0.261). Hence, the value of time for travelers who make 1 and 2 transfers, for
students and for travelers who travel longer than 60 mins is low and this suggests that
their disposal income is low and therefore it would have been interesting to collect travel

cost data, which was difficult at the time of the study.

Based on this finding, we tried to calculate and analyse the impact of travel costs on
choice of mode during disruptions in Chapetr 7. Assumptions included using current
market costs for fuel price per traveled kilometer, average car speed in Athens Central

Business District, transit fare for bus/metro/tram, taxi costs etc.

5.8 Conclusions

Commuters confronted with disruptions to Metro networks (e.g. new signal system,
replacement track works) experience disturbances that prompt them to select sub-
optimal routes or modes to avoid disruptions. Studying Metro travel patterns in relation
to facility disruption provides a basis for prioritizing future Metro station closures for
station improvements and understanding the impacts of such disruptions. Understanding
travel patterns of Metro commuters brings together perspectives on the demand side of

mobility management.

A revealed preference survey regarding the mode choice of travelers during a 5-month
closure was carried out in Athens in 2010. This unique data set contains during-closure
and post-closure information from the same respondents which makes it possible to
compare what people usually do under normal circumstances and what they actually did
during the closure. Overall, based on the binary logistic regression model provided in this
paper, we conclude that of the trip characteristic attributes, the number of transfers
included within a single journey have the greatest impact on the decision to use or not

the disrupted metro network during the closure period. Only trips for educational
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purposes are found to influence the choice of using the operating part of Metro Line 1

during closure.

The observed increase in travel times provides an indicator for the evaluation of the role
of public transport in mitigating highway congestion during metro disruptions.
Compared to the effects of a transit strike it seems like in longer closure periods the
automobile is not always the primary alternative mode as found in transit strike related

studies (Coindet, 1998, Zhu and Levinson, 2010;2011).

Our analysis showed that the choice to remain on the disrupted network during the
closure was more likely for trips that were made for educational purposes due to
schedule flexibility and cost constraints (students usually hold discounted public
transport passes and are captive public transport riders). Interestingly, the choice of
remaining on the disrupted network is sensitive to previous travel time experience and

transfer inconvenience during the closure.

There is some evidence here that unanticipated delays during closures differentially affect
traveler choice of mode involving activities done by students. In this case, students are
more likely to move activities to another time on the same day and accept increased
travel times on the metro network instead of shifting to alternative modes during closure
times. The fact that delays may have a greater impact on some people than on others
reflects a social dimension to transport planning. However, this study has not revealed
the differential impact of metro closures for different socioeconomic groups; hence a
complete analysis requires further data collection and study of these elements. Finally,
another potential future research direction is to incorporate the empirical findings of this
study, with data collected using technologies such as GPS and Bluetooth devices to

collect representative data.

This paper is intended to provide a reasonable starting point for travel demand modeling
in specific situations of subway closures. Models similar to the ones developed here can
prove valuable when planning the delivery of subway upgrades and alternative transport
options when lines are closed. Municipalities and transit authorities should learn from
past experience and provide options (teleworking, carpooling, free or discounted transit
passes, etc) and have contingency plans to make traffic smoother for commuters, based

on results presented.
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6. A Stated Preference Survey for Metro Disruption

6.1 Introduction
In this chapter, we provide a detailed description of the case study of the Athens Metro

disruption. After giving a brief introduction and reviewing similar work on Metro
disruptions we describe in detail our study objectives, the survey design, the pilot study,
the interviewing method, the main survey, the mode-choice experiment, we give a
detailed description of attributes, the RP data collected, we analyze the sample, the

screening process, etc.

Subway network closures caused by events such as unforeseen technical breakdowns,
strikes, or planned infrastructure upgrades are not frequent, but when they occur they
disrupt public transport operations significantly. These disruptions may be either
unexpected, resulting from emergencies or incidents or expected, resulting from
maintenance activities and personnel strikes (Pnevmatikou and Karlaftis 2011).
Commuters disrupted by significant improvements of the subway network (e.g. new
signal system, replacement track works) experience disturbances that force them to alter
routes or modes, to avoid disruptions. Transit strikes may reroute traffic, resulting in
missed medical appointments, lost jobs, or curtailing of social activities (Urban
Transportation Showcase Program 2012). These situations are of particular interest to
transport operators as they need to plan ahead for such contingencies to avoid patronage
loss in the long-term. Following a major disruption, it is generally difficult to determine
how long it takes for network operations to fully recover; travelers may either adjust their
travel decisions or experience significant delays. Darmamin et al. (2010) argues that it is
difficult to calculate the number of buses that need to be deployed for stranded
commuters during a disruption, since the capacity of a bus is very limited compared to a
single train. As a result, even if several buses are deployed during a closure, the
uncertainty of response times may cause discomfort and inconvenience to many

commuters (Darmamin et al., 2010).

Since 2008 in the city centre of Athens (the capital of Greece), a large number of strikes,
protests, engineering works have interrupted the normal operation of the Metro network
and the usual route and mode of many travelers, which substantially disturbed regular
traffic flow patterns on the network. Strikes are a quintessential part of life in Greece and

other Mediterranean countries, such as Spain and Italy. Some strikes are in protest, some
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in support. They can last a few hours, a few days or a few weeks. The frequency of
strikes increased when the government ordered stricter implementation of laws and
drastic reforms that impact jobs, salaries and quality and cost of living. But the

phenomenon of strikes is not new and will continue beyond austerity and bailouts.

6.2  Study objectives

It is unknown how long it takes every time for the network to re-equilibrate immediately
after a closure. Travelers either adjust their travel decisions or experience significant
delays. According to Goodwin (1992), ‘the traveler does not carefully and deliberately
calculate a new route each morning whether to go to work by car or by bus. Such
deliberation is likely to occur only occasionally, probably in response to some large
change in the situation’. Studying subway commuter response regarding facility
disruption provides a basis for prioritizing future subway station closures and for
understanding the impacts of such disruptions. Since network disruptions are not
frequent, behavioral changes cannot be easily monitored since the time available for data
collection and analysis is limited. In this context, we investigate alternative mode choices
of Subway users for the period following a disruption based on a SP survey recording
potential experiences with such events'. We use information on previous traveler
experience regarding network closures in combination with responses to a programmed
subway closure where individuals are presented with a large set of options regarding
mode used, travel time, travel cost, and number of transfers. The data used in the current

analysis is drawn from a web-based survey of Athens, Greece public transport users.

The primary data related to socio-economic and demographic data of individuals, trip
and traveler characteristics and the characteristics of the population based on car
ownership status. This information was collected to develop two groups of travelers

defined by car ownership status.

Two SP surveys were developed, one for car owners and one for car non-owners. Both
addressed commuter choice of mode when faced with a 24hr personnel Metro strike,

higher fuel prices, changes in taxi fares and new forms of public transport such as bus

We note that even, though during closures, identifying affected users is easier and Revealed Preference questionnaires

can be collected, Stated Preference data plays a unique role when exploring changes in travel patterns.
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priority system which is characterized by shorter travel times and shorter waiting time for
bus to arrive. By the time the full study was ready, a number of pre-pilot tests had already
been completed on a small number of respondents in order to resolve some issues of

concern before releasing the main survey.

Key research questions for this study include: what role does age, income, and frequency
of mode use play in how travelers respond to network closures? Will travelers who are
more flexible in terms of time consider shifting to private cars more easily or vice versa?
Findings may prove useful in understanding changes in Public Transport (PT) user
choices and patterns during service disruptions, and in better planning the ‘return’ of

users to PT following closures.

In this study we focus on the analysis of the SP experiment with respect to socio-
economic characteristics of the travelers and questions regarding usual mode of travel,
usual travel time to work and flexibility of working hours, because we target on all
captive Metro travelers, even those who did not remain on the subway network during

the closure.

6.3 Preparatory Phase and Pilot Study

A pilot study was distributed a few weeks before the final survey was released. The
primary objective of the pilot study was to test the contents of the survey process. The

outcome of the pilot study will enable the testing of the following:
1. That the questions are readable
2. The interview length is acceptable and will not cause fatigue
3. Interviewers understanding of the study and how it is to be administered
4. Correct skip or logic of the questions
The main findings of the study are as follows:

® Travelers prefer their set of choices to include maximum 3 choices. They get

confused with more alternatives.

® They also prefer travel time to be split in two categories: in-vehicle and out-of-

vehicle time (and not wait time, walk time, parking search time, etc) as they give

99



CHAPTER SIX A STATED PREFERENCE SURVEY
FOR METRO DISRUPTION

more importance in the total travel time to their destination during a Metro

closure. The same finding applies for cost attribute.
* Comfort and cycling facilities only appeal to a small share of travelers.
* Working schedule and flexibility was considered very important aspect

* On average respondents were able to complete the entire questionnaire in 10

minutes.

6.4 Survey Design and Data Collection

6.4.1 Data collection

We adopted a web-based survey approach to collect information from public transport
users as this type of survey method is relatively inexpensive and easier for respondents to
answer, it has quick response time and saves considerable processing effort only the
relevant responses are presented based on responses to earlier questions. However, with
internet-base surveys the researcher cannot control the target group and surveys do not
reflect the general population. To minimize bias and avoid getting multiple responses
from the same individual we only allowed one response per computer (by blocking
access from the same IP address to the questionnaire). We also tracked the submission
times of the completed questionnaires and deleted those with very long completion time.
In our study we observed a clear inverse association between increased age and decreased
likelihood of response over the Internet. However, we managed to get enough responses
for all age groups. To avoid bias with regard to educational background, we included

several questions on educational level, professional title, or primary practice setting.

The travel survey data was collected between November 27", 2011 and January 27",
2012 during a series of planned strikes in the Athens subway system. Surveyed travelers
were those mostly affected by transit strikes and were visiting transit related websites in
order to get information regarding current or future disruptions of the public network”
(85% of the respondents stated that their trip has been interrupted by some type of
Metro/Tram/Rail closure within the previous 10 days of their travel before the survey).
Before releasing the survey, we undertook a pilot survey which provided valuable

feedback and led to changes in design, content, attribute definitions, and presentation.

2 The survey was administered through various websites such as www.athenstransport.com,
www.apergia.gt.
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Information on occupation, frequency of car or PT use was collected in the first part of
the survey. Information on recent experience with network disruption during their
journey over the last 10 days was collected in the second part. The third part included the
SP survey where 9 scenarios were presented to each respondent for various cases of
planned subway service disruptions due to strikes. Finally, demographic information was
collected including gender, age, employment status, car ownership, income, as well as
information on working hour flexibility. A total of 2,359 questionnaires were collected.
During the wvalidation of the questionnaires, incomplete questionnaires and
questionnaires where travelers were not PT users were omitted from the sample. After

removing problematic questionnaires, 1944 (82% of initially collected) remained.

6.4.2 Questionnaire Design

The dependent variable in the models developed was the ‘mode used during a planned
strike’ of the Athens Subway. The most important explanatory variables included age,
gender, education, main trip purpose, number of times using public transport per week

and usual travel time.

The survey was designed as a typical conjoint choice type experiment which intentionally
did not consider the presence of a no-choice option because the purpose is to analyze
travel patterns under repeated strikes where the available options were limited. Dhar
(1997) and Dhar and Simonson (2003) argue that forcing a respondent to make a choice
in a conjoint choice experiment might lead to biased parameters when analyzing the
choice data. However, in the event of a network disruption, commuters will have no
other option but to use one of the given alternatives. The available options considered
were the buses, private cars, and taxis. The modes considered cover all available
transportation modes within the Athens transport network, except for bicycles and
motorcycles. However, the proportion of commuters who use bicycles to commute to
work is considerably still low in Athens, and therefore it has not been given as an
alternative in the experiment. The experiment did not include the opportunity for
telework since the population who teleworks accounts for the less than 2% of the
Athenians. The alternative of either canceling the trip or shifting the departure time was
not offered to the respondents as the closure of the subway network seems to be a

repeated phenomenon (1-2 per week there is a strike or work stoppage) where it is

101



CHAPTER SIX A STATED PREFERENCE SURVEY
FOR METRO DISRUPTION

impossible to continuously cancel the commute trips. The attributes and attribute levels

for each of the options considered by the respondents are presented in Table 6-1.
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Table 6-1 Definition of attributes and attribute levels in the Stated Preference Exercise

Variables Travel by Bus Travel by Car Travel by Taxi

In-vehicle-time (minutes) 25 15 10
40 30 25
50 40 35

Total travel costs 1.20 3.00 3.00

(euros) 1.40 5.00 7.00

2.00 8.00 12.00
Out-of-vehicle time (minutes) 10 8 3
13 15 5
18 20 7
Number of transfers 0 0 0
0 0
2 0 0

Within the SP scenarios, three alternatives were offered to respondents who owned a car;
car, taxi and bus. For people who did not own a car, bus and taxi were only available. The
SP survey was kept relatively simple and included five variables: in-vehicle time, out-of-
vehicle time (wait and walk time, parking search time), cost (bus fare, car operating cost,
taxi cost) and number of transfers. Attribute levels are explained in detail in Section6.4.3.
Most SP surveys have been based on full or fractional designs using orthogonal arrays and
thus attributes are independently distributed (Hensher 1994). Our SP design was a
conventional fractional factorial orthogonal design which generated 27 SP choices for each
segment. To avoid a high task load for each respondent, the 27 SP choices were split into
three groups (blocks) of 9 choices for each SP questionnaire. Action available to the
respondent in the short-term of a 24hr Metro strike include: Which mode they would most
likely use for their usual commute on the day of the strike? To avoid any ordering bias, the
3 different experiments were presented to each respondent randomly. Table 6-2 shows the

fractional factorial design used for the pilot and main study.
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Table 6-2 Orthogonal fractional factorial mode-choice experimental design

BUS CAR TAXI

INVT FARE OovVT TRA INVT COST OovT INVT COST OovVT

1 25 1,2 10 0 15 3 8 10 3 3

2 40 1,4 13 1 30 5 15 25 3 3

3 50 2 18 2 45 8 20 35 3 3

: 4 50 2 18 1 30 5 8 10 7 5
2 5 25 1,2 10 2 45 8 15 25 7 5
R 6 40 1,4 13 0 15 3 20 35 7 5
7 40 1,4 13 2 45 8 8 10 12 7

8 50 2 18 0 15 3 15 25 12 7

9 25 1,2 10 1 30 5 20 35 12 7
10 50 1,4 10 2 30 3 20 10 12 5

1 25 2 13 0 45 5 8 25 12 5
12 40 1,2 18 1 15 8 15 35 12 5

: 13 40 1,2 18 0 45 5 20 10 3 7
9 14 50 1,4 10 1 15 8 8 25 3 7
B 15 25 2 13 2 30 3 15 35 3 7
16 25 2 13 1 15 8 20 10 7 3
17 40 1,2 18 2 30 3 8 25 7 3
18 50 1,4 10 0 45 5 15 35 7 3
19 40 2 10 1 45 3 15 10 7 7
20 50 1,2 13 2 15 5 20 25 7 7
21 25 1,4 18 0 30 8 8 35 7 7
2 22 25 1,4 18 2 15 5 15 10 12 3
9 23 40 2 10 0 30 8 20 25 12 3
B 24 50 1,2 13 1 45 3 8 35 12 3
25 50 1,2 13 0 30 8 15 10 3 5
26 25 1,4 18 1 45 3 20 25 3 5
27 40 2 10 2 15 5 8 35 3 5

The main survey data was collected by means of an internet based survey. The reason for
conducting an internet based survey was mainly because of the difficulty of contacting
travelers who were in some way affected by a Metro disruption. We then realized that we
could make use of the websites that were specifically developed to inform passengers on
Metro disruptions. Due to the frequency of these closures there exist a sufficient number of
websites. After contacting the administrators of these websites, they offered to launch our
survey on their websites for a few days. Due to the high number of visitors on the days of
strikes we received a quite significant amount of responses in a relative short time.
Respondents did welcome the survey and hoped for a solution to their travel problem on

the days of strikes.

The complete questionnaire covered a number of topics and was divided in four sections.
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Section A: The usual trip and choice of mode for daily activities

Section B: Previous experience of disruptions within the last 10 days of travel with Metro
Section C: Car ownership and SP experiment-criteria of choosing this mode

Section D: Socio-economic questions

The aim of the questionnaire was to collect sufficient data on the travelers’ usual trip to
determine their work and travel pattern. This section provided information on the regularity
of car use and public transport use for commuting purposes which comprised an important
input for the choice of mode model. This section was followed by several questions on the
journey to work or education for regular commuters. Of note, the respondents of the first
section who replied that they never use Public transport were excluded from the survey
sample. Travelers were asked to specify the frequency of Subway use and the frequency of

car use.

More detailed information on travelers’ previous experience of Metro disruption and the
way in which they acted was collected from passengers who stated that they had
experienced some type of disruption in the last 10 days of their travel. This information was
used to provide an understanding of the overall level of awareness of a travel disruption,
which assisted in identifying the needs for an information and emergency response system.
Travelers were asked to determine the type of the disruption, two available alternative
modes of travel, potential cancel of trips or activities, or reschedule of activities due to the

disruption.

The fifth section included the SP experiment where respondents were asked to respond to

hypothetical questions regarding a 24hr closure on all Metro lines due to a personnel strike.

6.4.3 The Mode-Choice Experiment

The fourth section of the survey also included the refined SP mode-choice experiment. As
with the pilot experiment, to initiate the experiment the car ownership status of the
individual was established so that the travel choices could be given in a context which had

some reality for the respondent.

In participating in the choice experiments, each respondent was asked to consider a context

in which the offered set of attributes and levels represented the only available means of

105



CHAPTER SIX A STATED PREFERENCE SURVEY
FOR METRO DISRUPTION

undertaking a commuter trip (for work or educational purposes) from the current
residential location to the current workplace. It was made clear that the purpose was to

establish the respondents’ alternative choice of mode during these circumstances.

Three alternatives appear in each mode choice scenario given to car owners; car, bus and
taxi, while only two appear to car non-owners; bus and taxi. The three attributes for the
public transport alternative are in-vehicle time, out of vehicle time, fare and number
transfer inconvenience. The attributes for taxi are in-vehicle time, out-of-vehicle time and
taxi cost and for the car are in-vehicle time, out-of-vehicle time and travel cost. Three levels
were selected for each attribute. The design allows for 3 alternatives in the case of car-
owners and two in the case of car non-owners; car, bus and taxi or bus and taxi. Three
alternatives appeared in each travel choice scenario (a) car, (b) bus and (c) and taxi. Twenty-
seven types of showcards described scenarios involving combinations of travel time, travel
cost and transfer inconvenience. Appearance of the pairs was based on experimental design.
Attribute levels are summarized in Table 6-1 and an illustrative card is displayed in figure 6-

1.

SA01 Bus Car Taxi
In-vehicle travel time 15 25 10
Out-of-vehicle travel time | 10 8 3
Fuel cost 3.00

Taxi cost 3.00
Bus ticket 1.20

Transfer inconvenience 1 transfer

Figure 6-1 Example of the format of the mode-choice experiment showcard.

The master design of the fractional factorial design produced 27 scenarios or choice sets.
The 9-level factor was used to block the design into 3 versions, each with 9 choice sets
containing the three alternatives. Versions were balanced such that each respondent saw

every level of each attribute exactly once.
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Detailed Description of attributes

In-vehicle bus Travel time to work/school: There were three different showcards
representing short (about 25 minutes), medium (about 40 minutes) and long (50 minutes)
commutes. These travel times were selected based on real travel time data collected from

the RP experiment described in chapter 5.

In-vehicle car Travel time to work/school: Within the set of showcards there were three
levels of travel times representing short distances travelled by car (of about 15 minutes

drive), medium (of about 30 minutes drive) and long (of about 45 minutes drive).

In-vehicle travel time by taxi: For taxis there were three travel sets to match those of
buses and private vehicles. Travel times of 10 minutes represented short-distance trips,
travel times of 25 minutes represented medium-distance trips and travel times of 35
minutes represented long distance trips travelled by taxis. Even though these times may be
considered quite short compares to the private vehicles and bus travel times, due to the
high costs of travelling by taxis, and the flexibility of commuters taxis within a road network
without restriction (e.g. due to access restrictions in the city centre-odd and even plate
numbers system or due to their right to use the bus lanes) these times are considered quite

reasonable for a city like Athens.

Walk/Wait time: The walk/wait time applied only to the bus and taxi alternative. There
were three levels of wait time. Walk/Wait time for bus was varied between 10, 13 and 18
minutes to see how sensitive are respondents to long waiting times at the bus stops. Wait
time for taxi varied among 3, 5, 7 minutes. These walk/wait times were taken from the
Athens Metro Development Study and are based on 2011 records. This time included the
walk distance from the respondent’s home to the public transport stop in minutes and the

wait time for the bus to artive.

Parking Search Time: This attribute was applied only to car alternative to assess possible
changes commuters would make as a response to increasing difficulty in finding a parking

spot. Three levels were also used and these were 8 minutes, 15 minutes and 20 minutes.

Taxi cost: Taxi cost gives that total cost of a taxi trip for a certain journey length. Average
taxi costs as reported by the travelers in the revealed preference study (analysed in Chapter

5), range from 4.5 euros to 11.3 euros. Since the minimu fare of taxis was 3.00 euros ate the
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tiem of survey we assume taxi costs to vary from 3.00, 7.00, and 12.00 euros in our SP

experiment.

Car operating cost: This variable gives the operating cost in euros for a single trip. These
values are assumed based on the revealed preference survey described in Chapter 5. Based
on the results of the study the minimum value for travel time uring the metro closure by car
was 30 minutes and the maximum reported was 95 minutes. Average travel speed reported
for cars within Athens urban area was 20km/hr in 2009'. Recent speed measurements on
major arterias within Athens urban area showed a maximum 7% increase in average travel
speed between 2009 and 2010 This would give us a maximum car travel speed of
21,4km/hr. Fuel price per litre at the time of the sutvey (2011-2012) was 1.64 euros/litre.
We assume that fuel price will not exceed 2 euros till 2020 (petrol price will not exceed 100
dollars/ barrel)3. Hence we assume that maximum price for fuel will be 1.9 euros/lIt. Fuel
consumption is assumed to account for the 75% of the total operating cost and hence the
minimum and maximum car operating costs for car based on the travel times reported in

the RP survey are:

Table 6-3 Assumptions for car travel cost based on RP survey data

Travel times Average speed | Fuel cost (2011) Average car fuel Total travel cost
reported in RP consumption (euros/single
survey trip)

Travel time=30mins | 21.4 km/hr 1.643 euros/lt 0.09 It/km 2.1 euros
Travel time=60mins | 21.4 km/hr 1.643 euros/lt 0.09 It/km 4.2 euros
Travel time=95mins | 21.4 km/hr 1.643 euros/lt 0.09 It/km 6.7 euros
Travel time=95mins | 21.4 km/hr 1.9 euros/lt 0.09 It/km 7.7 euros

Based on Table 6-3 we assume travel costs for the one-way commuter trip to vary among

3.00, 5.00 and 8.00 euros.

Bus ticket fare: This variable gives the ticket fare for 1,5 hr trip in euros. This has three

levels 1.20 euros, 1.40 and 2.00 euros. 1.20 euros was the current bus fare in 2012.

! http://news.kathimerini.gr/4dcgi/_w_articles_ell_1_06/09/2009_328256
2 http:/ /www.patt.gov.gr/main/attachments2/6500_13_02_13_dimosieusi_kdk.pdf
3 http:/ /www.eia.gov/forecasts/aeo/ et/ pdf/0383er(2013).pdf
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The sample

The targeted sample was about 2000 questionnaires. A completed interview required the 4
parts of the survey being complete for each respondent including the trip questionnaire, the
10 day experience with disruption, the socio-demographic characteristics part and the SP

questionnaire.

A total of 2359 interviews were collected among travelers. Of which only 2008 interviews
were entered after the editing process (85%). Of those 2008 interviews 64 were taken from
travelers who stated that they never use Subway. These 64 questionnaires were deliberately
removed from the beginning of the survey (they were thanked and were not asked to fill out
the rest of the questionnaire) since we are not interested in this category of travelers. Once
the questionnaires (2008-64=1944) were completed they went through screening and
cleaning process to ascertain the completeness and validity of the responses. At the end of
this process we ended up with 1944 questionnaires after removing those interviews
with non-sense and irrelevant responses. Questionnaires with lexicographic answers on
the SP experiment were also excluded. During the wvalidation of the completed
questionnaires, responses that followed some systematic pattern were omitted. Tony
Fawkes and Mark Wardman, support that ‘identifying and omitting responses which
contain serious error or which appear inconsistent with the models to be used can lead to

worthwhile improvements in the models developed’.

We ended up with 3 different categories in which to put the questionnaires: (1) incompletes,
(2) non regular pt users, (3) incomplete questionnaires in the sp part, (4) incomplete

questionnaires in the socioeconomic.

6.5 Sample Profile

On average respondents were able to complete the questionnaire in around 10 minutes.

Here are some statistics about the sample profile.
Distribution of Survey Time

The share of total respondents with their occupation profile are given in Figure 6-2 and 6-3
for car owners and car non-owners respectively. Of the car-owner population almost 41%
of the respondents were employed full-time, 20% were self-employed and 31% were

university students.
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Figure 6-2 Sample Employment Profile-Car owners

In the non-car owner sample the distribution of employment status is quite different. Only
25% of the respondents who do not own a car are full-time employed, 9% self-employed

and 58% university students.
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Figure 6-3 Sample Employment Profile-Car non-owners
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Current Journey

Respondents were asked to describe a recent journey that they have undertaken within the
last days. The next paragraphs detail how these journeys vary by travel time and mode.
Figure 6-4 and 6-5 present the distribution of daily trips for commuting for the RP trips for

car ownes and car non-owners respectively.
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Figure 6-4 Sample Number of Daily trips for Car owners
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Figure 6-5 Sample Number of Daily trips for Car Non-Owners

In terms of daily trips made by the respondents who own a car, there was a 83% of the
sample who make 1-2 trips a day for commuting purposes. Similar share (~78%) was found
within the car non-owners. Figures 6-6 and 6-7 present the distribution of frequency of

Subway use for the selected RP trips for work, education and other purposes.
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Figure 6-6 Sample Frequency of Subway Use for Car Owners
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Figure 6-7 Sample Frequency of Subway Use for Car Non-Owners

We can see from the two figures that car-owners make less trips with Subway as expected.
Students who do not own a car seem to travel quite often with Subway compared to
students who do not own a car. 25% of car owners travel every day by Subway, while this

share increases to 56% for car non-owners.

The following question regarding the usual mode they use for every day trip we did not get
the expected results as the respondents could make a multiple choice and in some cases the
respondents seem to have described all the possible combinations of modes for their daily

trip. For this reason we will not provide the answers for this question.
Journey duration

Figure 6-8 depicts the journey times in minutes for car owners for commuting purposes.
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Figure 6-8 Usual travel time for commuting-car owners
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Figure 6-9 Usual travel time for commuting-Car Non-Owners

For car owners, 32% of the respondents had journeys between 31 and 45 minutes. As

figure 6-8 and 6-9 show a 50% of the respondents who own a car usually travel between 15
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and 45 minutes whereas car non-owners travel longer hours. A 42% of the respondents
who do not own a car travel for more than 45 min, while the respective share of car-owners

is only 27%.

A further specification issue that was analyzed was the influence of past choices on choice
behavior (Windle & Dresner, 1995). In the present analysis we had information on the
number of times a given traveler used Subway (at least one time per week) in the past 10
days. For each of the n-1 alternative modes a coefficient in the utility function was thus
associated with the inertia variable related to that alternative. According to Hess (2005), the
inclusion of coefficients associated with the inertia variable for one alternative, is also

associated with the inertia variable of the remaining alternative.

Hess (2005) expects that the inclusion of these coefficients could lead to problems with
endogeneity, as the values of the past choice indicators may be closely correlated with the
other explanatory variables and with observables. The author also notes that the
dependence on past choices would make this approach inapplicable in the case the model
was used for forecasting. Since the values of the remaining coefficients remained largely
unaffected the author suggests that the inclusion of these inertia terms did not introduce

major bias.

However, forecasting is not the main purpose of the present analysis, we included as inertia
term only the number of times a given traveler used Subway (at least one time per week) in
the past 10 days and not the number of times a given traveler used the car mode (at least
one time per week) in the past 10 days. The reason for this is that our sample is splitted in
car owners and car non-owners. Since we have not collected information on the use of taxi

and bus, we test the significance of past experience of use of Subway.

Figures 6-10 presents the frequency of car use among respondents for respondents who
have car availability. This question makes no sense for car non-owners in terms of car
ownership but does make sense in terms of availibility. As we can see from figures 6-11 car
non-owners may travel by car as passengers and the biggest share lies in the category of
students. 36% of respondents who own a car, travel every day by car, 22% travel by car at

least 3 times per week, and 23% of them travel one to twice per week.
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Figure 6-10 Frequency of car use within the last 10 days of travel-Car owners

Figures 6-11 and 6-12 present the usage of Subway in a recent trip (within the last 10 days

of the survey).
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Figure 6-11 Share of CO who used Subway in the last 10 days of their travel
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Figure 6-12 Share of NCO who used Subway in the last 10 days of their travel

According to figure 6-11, 60% of respondents who do not own a car traveled by Subway
more than 5 times within the last 10 days of their travel, ~12% traveled by Subway four
times. The share of car owners respondents who traveled by Subway more than 5 times in

the last 10 days of their recent trip is 40%, and 7% travelled 4 times.
AGE PROFILE

Figure 6-13 shows the age profile of the respondents (car owners) distributed with respect

to the modes used.
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Figure 6-13 Age profile wrt usual travel mode (car owners)

Figure 6-14 shows the age profile of the respondents (car non-owners) distributed with

respect to the modes used.
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Figure 6-14 Age profile wrt usual travel mode (car owners)
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Figure 6-15 Age profile wrt to usual travel mode (Car Non-Owners)
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Figure 6-16 Income profile wrt to usual travel mode (Car Non-Owners)

Of the total 2022 questionnaires 31 travelers never use Subway modes and 168 did not use
Subway in the last 10 days of their travel. There are a number of occurences that can result
in an unplanned service disruption, however, these can be broadly categorised according to

the following categories as identified during the survey:

®  Track related issues, including problems related to power failures, signalling and

Crossovers

* Rolling stock issues ranging from large infrastructure track works to train failures
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* Intrusions/Emergencies-includes protests and riots on the city centre that force the
police to close down the entrance to central stations as well as terrorist attacks and

suicides.
= TFull or partial closure of the Metro line due to personnel strike
= Other reason not reported

Only 1512 (85%) travelers of a total 2022 reported that they had received information
previous to their travel regarding some type of disruption that would affect their usual
travel route. The rest 256 (15%) travelers did not receive any information of this type as
depicted in Figure 6-17. The sample consists of 1769 travelers and includes both car
owners and car non-owners. The rest 199 either did not use Subway in the last 10 days

or never use Subway).

Did you receive any information regarding any type of
disruptions during your travel?

yes
15%

no
85%

Figure 6-17 Share of travelers who received some kind of information
regarding disruption on their usual travel route
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Did you receive any information regarding any type of disruptions
during your travel?
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Figure 6-18 Causes of service disruptions identified during the survey the last 10 days of
their travel

Figure 6-18 highlights the key causes of planned or unplanned service disruptions identified
during the survey, as experienced by travelers (car owners and car non-owners) during the
last 10 days of their travel. This figure refers only to the travelers who reported that they
had experienced some type of disruption during their travel in the last 10 days of their
travel. Personnel strike cause is generally more likely to result in a complete line closure
while riots and protest in the city centre usually result in a partial line closure or even service
delay. The occurrence of suicides often results in the longest delay however passengers are
not always informed about the cause of the delay given the need for the police and coroners
to be involved (Pender et al., 2012). Pender et al. (2012) continue that service disruptions
related to natural or weather disasters can similarly result in long periods of delay; though
have never caused the disruption of Subway recently in Athens and especially during the

time of the survey. Therefore this cause was not provided as an option in the questionnaire.

We then asked those travelers who reported that had received information previous to their
travel regarding some type of disruption whether they cancel any part of their trip. Figure 6-
19 presents the share of travelers who were forced to cancel some part of their trip. This
figure shows a substantial high share of travelers cancelling their trip. This emphasizes the
size of the problem caused by a disruption in the operation of the Metro system and the

importance of this analysis.
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Did you cancel any part of your trip?

no

25Y%

75%

Figure 6-19 Share of travelers on the question “Did you cancel any part of your trip due to
the interrupted Metro operations? (Sample 1512)

A lower share of travelers had to cancel some of their scheduled activities due to the
disruption. As shown in Figure 6-20, 73% of the travelers who experienced a metro closure
in the 10 days prior to the day of the survey reported that they decided or were forced to
abandon some of their plans for travel due to several reasons such as: car unavailability, low

disposal income, fixed arrival time for the specific activity (e.g. doctor’s appointment), etc.

Did you cancel any of your scheduled activities?

yes
27%

no
73%

Figure 6-20 Share of travelers on the question “Did you cancel any of your scheduled
activities due to the interrupted Metro operations? (Sample 1512)

Surprisingly high (86%) is the share of travelers who reported that had to be on their
destination on a specific time (Figure 6-21). This question shows that only a limited number
of travelers were flexible on schedule. This could be the case of students, younger travelers,
tourists, people traveling for leisure or even people who could made flexible working

schedule arrangements for that day or could even afford taking annual leave.
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Did you have to be on your destination on a specific
time?

no
4%

Figure 6-21 Share of travelers on the question “Did you have to be on your destination on a
specific time on the day of the interrupted Metro operations? (Sample 1512)

6.5.1 Altered Travel Patterns during Metro Disruptions
We then asked the travelers to report which available modes of travel they had and which

modes they actually chose during the disruption time? The data set used for the case study,
consisted of 1527 travelers who reported that experienced some type of disruption in the 10
days of travel before the survey. Travel share profiles, as reported by the travelers during
Metro closures faced in the 10 days, before the survey are summarized in Table 6-4. Note
here that all available modes were present in this question. Table summarizes travelers’
modes and altered travel patterns during any type of Metro disruption ranging from partial
Metro closures due to infrastructure works, to all day closures due to personnel strikes. This

question only applied to Subway Users, and not travelers who never travel by Subway.
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Table 6-4 Table Profile of RP modal share (%) during Metro disruptions

Chosen Mode RP Modal Share
Bike 3.9%
Taxi 13.9%
Bus Feeder Line (operating only during disruption) 0.9%
Metro or Tram or Suburban Rail (Subway Modes) 5.4%
Bus/Trolley Bus/KTEL 11.7%
Motorcycle 3.0%
Car 32.8%
Cancel activity 16.2%
Postpone activity 1.1%
Move to a friend’s/relative’s house closer to destination  (0.3%
Walk 8.6%
Carpooling 0.9%
Other 1.2%
Total Number 100%

Note: “Othet” is uninformative.

It is evident that a significant share of travelers was forced to cancel or postpone their

activities (17.3%) due to inability of using alternative modes to the reach their destination.

Some travelers reported that the only available alternative they had to travel was rejected for

economic treasons. Other reported that they cancelled/missed medical appointments, or

took annual leave from work. During the disruption, travelers:

Postponed/cancel trips

Walked long distances (some reported over 2 kms)

Shared travel duties among family members

Adjusted their travel time to avoid congestion, ot to travel with a friend/relative

Adjusted their residential location to be closer to work destination

It is of particular interest that bike users account for almost 4% of RP users within the data

sample.

The complexity of this phenomenon did not allow us to allocate the various reactions of

travelers to each type of disruption, based on the duration and the spread of the disruption

on the system (ranging from a few hours to a few days).
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6.6  Analysis of the Mode Choice SP Exercise

Each respondent saw one SP exercise which was concerned with mode choice and offered

a choice between

* Bus-taxi-car for car and Subway users
* Bus-taxi for Subway users who do not own a car

It was agreed to not include other modes as walk or bicycle in the SP exercise as it would
lead to an overly complex survey that would be onerous to complete. Bike share is still low

in Athens and accounts only for the 3% of the population'.

Figures 6-22 and 6-23 present one example of SP choices presented to the respondent (to

car owners and car-owners respectively).

Ievapio 1
Xpovoc evrog oXNLoTog

Kootog

ApOuoc peremuBifaocewv

Xpovoc epmatnoTog,
CIVOLLOVI|G OE OTALoT], EUPEODNC
Beonc otaBueuong

Mowat evaldaknikn Bo emiAéyore

YLOL TNV TUTTIKN OO PETaKIVNoT)
oe nepimtwon Swakomnng?

Figure 6-22 Example of mode choice SP card (car users)

! (http:/ /www.publicissue.gr/en/1703/bicycle-2012)
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Zevapwo 1l
Xpovoc eVToc oxILoTog

Kootog

ApLBpoc petempLpdoswy

Xpovog mepmatTipaToc,
CVOLLOVIG OE OTAON, EVPECTG
BEonc orabuevonc

Moo evallaxtikn Ba emhéyone
YLOL TRV TUTILKI] OOIG LETaKIVOn
oE nepintwon Siakor)c?

Figure 6-23 Example of mode choice SP card (non-car users)

This chapter presents the results of the mode choice exercise and the key findings from the

SP exercise are presented.
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Choice proportions

In the following tables (6-5 to 6-21) we present the choice proportions of each mode to
understand if the respondents understood the SP exercise and reacted to the proposed
trade —off in a sensible way, i.e. the higher cost a service is, the fewer people chose it. The
following tables show the percentage of people choosing each option when a change in
journey time, cost, and transfer inconvenience occurs and thus the sensitivities to these
changes. Fach table presents the percentage of respondents choosing one of the three

options when either car in-vehicle travel time varies or bus in-vehicle travel time varies or

taxi travel time vaties.

Car Owners

Table 6-5 Car owners choice proportions: Varying in-vehicle bus time

Share (%) of choice Bus Car Taxi
Bus in-vehicle time % choosing bus | % choosing car | % choosing taxi | Grand Total
25 50% 35% 15% 100%
40 35% 54% 12% 100%
50 32% 49% 20% 100%
Table 6-6 Car owners choice proportions: Varying bus fare
Share (%) of choice Bus Car Taxi
Bus fare % choosing bus | % choosing cat | % choosing taxi | Grand Total
2 37% 45% 18% 100%
1.20 41% 47% 12% 100%
1.40 38% 46% 16% 100%

Table 6-7 Car owners choice proportions: Varying out-of-vehicle bus time

Count of choice Bus Car Taxi
Bus out-of-vehicle time % choosing bus | % choosing car | % choosing taxi | Grand Total
10 44% 41% 15% 100%
13 35% 52% 13% 100%
18 37% 45% 18% 100%
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Table 6-8 Car owners choice iroiortions: Vaiini no of transfers within bus trii

No of transfers (bus trips) Bus Car Taxi Grand Total
0 46% 37% 16% 100%
1 39% 47% 14% 100%
2 31% 53% 16% 100%

Table 6-9 Car owners choice proportions: Varyini car in-vehicle time

Car in-vehicle time Bus Car Taxi Grand Total
15 27% 65% 8% 100%
30 39% 46% 16% 100%
45 52% 27% 21% 100%

Table 6-10 Car owners choice iroiortions: Vaiini car cost

Car fuel cost Bus Car Taxi Grand Total
3 24% 67% 9% 100%
5 42% 43% 15% 100%
8 50% 28% 22% 100%

Table 6-11 Car owners choice proportions: Varyini car out-of-vehicle time

Car out-of-vehicle time (PST) Bus Car Taxi Grand Total
8 33% 54% 13% 100%
15 40% 46% 15% 100%
20 44% 38% 18% 100%

Table 6-12 Car owners choice iroiortions: Vaiini taxi in-vehicle time

Taxi in-vehicle time Bus Car Taxi Grand Total
10 34% 45% 22% 100%
25 40% 46% 15% 100%
35 43% 48% 9% 100%
Table 6-13 Car owners choice proportions: Varying taxi fare
Taxi cost Bus Car Taxi Grand Total
3 29% 41% 29% 100%
7 44% 45% 11% 100%
12 43% 51% 5% 100%
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Table 6-14 Car owners choice iroiortions: Vaiini taxi out-of-vehicle time

CHAPTER SIX

Taxi out-of-vehicle time Bus Car Taxi Grand Total
3 37% 48% 15% 100%
5 41% 44% 15% 100%
7 38% 46% 16% 100%

CAR NON-OWNERS

Table 6-15 Car non-owners choice proportions: Varying bus in-vehicle time

Bus in-vehicle time BUS TAXI Grand Total
25 78% 22% 100%
40 69% 31% 100%
50 60% 40% 100%

Table 6-16 Car non-owners choice proportions: Varying bus fare

Bus fare BUS TAXI Grand Total
2 65% 35% 100%
1.20 71% 29% 100%
1.40 69% 31% 100%

Table 6-17 Car non-owners choice iroiortions: Vaiini bus out-of-vehicle time

Bus out-of-vehicle time BUS TAXI Grand Total
10 70% 30% 100%
13 69% 31% 100%
18 66% 34% 100%

Table 6-18 Car non-owners choice proportions: Varyin

bus no of transfers

bus-no of transfers BUS TAXI Grand Total
0 71% 29% 100%
1 69% 31% 100%
2 65% 35% 100%

Table 6-19 Car non-owners choice iroiortions: Varyini taxi in-vehicle time

Taxi in-vehicle time BUS TAXI Grand Total
10 64% 36% 100%
25 64% 36% 100%
35 77% 23% 100%
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Table 6-20 Car non-owners choice proportions: Varying taxi fare

Count of choice OIS 2 choo.sing
bus taxi
Taxi cost BUS TAXI Grand Total
° 42% 58% 100%
! 4% 26% 100%
12 88% 12% 100%

Table 6-21 Car non-owners choice proportions: Varying taxi out-of-vehicle time

Count of choice % choosing % choo.sing
bus taxi
Taxi in-vehicle time BUS TAXI Grand Total
10 64% 36% 100%
25 64% 36% 100%
35 77% 23% 100%

In tables 6-22 and 6-23 below we detail the mode choice proportions as they appear within
the data for car owners group and car non-owners group.

Table 6-22 Proportion of times each mode was chosen across all choice sets (CO)

Car Owners Group (CO)

Choice proportion
Bus 38,88
Car 45,98
Taxi 15,14

These choice proportions indicate the proportion of times an alternative was chosen across
all choice sets (Hensher, Rose and Greene; 2005). From this output it can be seen that the
car alternative represents 45.9% of the choices while the bus alternative was chosen 38.9%

of the time and the taxi alternative was chosen 15.1% of the time (regardless of scenario).

Table 6-23 Proportion of times each mode was chosen across all choice sets (NCO)

Car non-owners Group (NCO)

Choice proportion
Bus 68,18
Taxi 31,83

From this output it can be seen that the bus alternative represents 68.2 percent of the
choices while the taxi alternative was chosen for 31.8 percent of the choices (regardless of

scenario). In our case we use SP data to base these calculations and thus these proportions
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indicate the proportion of times an alternative was chosen across all choice sets. Hensher,
Rose and Greene (2005) support that since the choice sets are not based upon the real
marketplace, but rather upon an experimental design generated by an analyst, these

proportions must not be treated as an estimate of the true market shares.

Table 6-24 to 6-27 represent the contingency table produced by NLOGIT, where rows
represent the number of choices made by the respondents for each mode, while the
columns represent the number of times a mode was predicted to be selected as based on
the choice model specified by the author. This prediction is based upon the choice
probabilities with the predicted choice corresponding to the mode to which the highest

probability is observed (Hensher, Rose and Greene, 2005).

Table 6-24 Actual vs predicted choices -CO

Bus Car Taxi Total

Bus 1405 1173 435 3013

Car 1164 1965 434 3563

Taxi 444 425 304 1173
Total 3013 3563 1173 7749

Table 6-25 Actual vs predicted choices
(proportions)-CO

Bus Car Taxi
Bus 0.466 0.389 0.144
Car 0.327 0.552 0.122
Taxi 0.379 0.362 0.259

For the bus alternative, the choice alternative incorrectly predicted 38.9% of the 3013
choices in which the bus alternative was selected as a choice for the car alternative. The
remaining off-diagonal cells reveal where the choice model incorrectly predicted mode
choice for the remaining alternatives (Hensher, Rose and Greene, 2005). For car owners,
our model correctly predicted the mode chosen 3674 (1405+1965+304) times out of the

total of 7749 choices made.
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Thus the overall proportion of correct predictions equals:

Number of correct predictions __ 3674

= 0.47

Total number of observations T 7749

Thus for the data, this particular choice model correctly predicted the actual choice

outcome for only 47 percent of the total number of cases.
Car non-owners-Cross tabulation vs predicted choices.

Table 6-26 Actual vs predicted choices -NCO

BUS TAXI TOTAL
BUS 4980 1665 6645
TAXI 1665 1437 3102
TOTAL 6645 3102 9747

Table 6-27 Actual vs predicted choices (proportions)-NCO
BUS TAXI
BUS 0.749 0.537
TAXI 0.251 0.463

For car non-owners, our model correctly predicted the mode chosen 6417 (4980+1437)
times out of the total of 9747 choices made. Thus the overall proportion of correct

predictions equals

Number of correct predictions __ 6417

= 0.66

Total number of observations T 9747

Thus for the data, this particular choice model correctly predicted the actual choice

outcome for only 66 percent of the total number of cases.

Within the contingency table produced by NLOGIT the rows represent the number of
choices made by those sampled for each alternative, while the columns represent the
number of times an alternative was predicted to be selected as based on the choice model

specified by the analyst. The diagonal elements of the contingency table represent the
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number of times the choice model correctly predicted the choice of alternative as observed

in the data.

Tables 6-28 and 6-29 also include detailed common traveler characteristics such as, for
example, ‘How often do you use subway’, or ‘How long is your commute to work’, for
sample of car-owners and non car-owners respectively. Since not all respondents use the
subway with the same frequency, an assumption that the behavioral patterns of all
individuals follow the same trend would be restrictive. Each respondent saw every level of

each attribute exactly once.

In the case of categorical variables sex, age, trip purpose, income, frequency of subway use,
working flexibility and usual travel time to work we use dummy variables to contrast the
different categories (k). For each dummy variable we choose a base line category and

contrast the remaining (k-1) variables with the base line category.
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Table 6-28 Sample characteristics-travelers owning a private vehicle

Variable Type Statistics (%) Description
Male Dummy F(1)=495 (57%) =1 if male
F(0)=366 (43%) =0 if female
Agel8-34 Dummy F(1)=621 (72%) =1 if respondent’s age
>=18 and <=34
=0 if not
Age35-44 Dummy F(1)=156 (18.1%) =1 if respondent’s age
>=35 and <=44
=0 if not
Aged5-54 Dummy F(1)=04 (7.4%) =1 if respondent’s age
>=45 and <=54
=0 if not
Age55+ Dummy F(1)=20 (2.3%) =1 if respondent’s age
>55
=0 if not
Work Dummy F(1)=528 (61%) =1 if working
F(0)=333 (39%) =0 if not
Low_Income Dummy F(1)=375 (44%) =1 if <800 euros
=0 if not
Med_Income Dummy F(1)=291 (34%) =1if <801-1500 euros
=0 if not
High_Income Dummy F(1)=195 (22%) =1if >1501 euros
=0 if not
Subway Users Dummy F(1)=044 (75%) =1 if they use subway at
F(0)=217 (25%) least 1-2 times per week
or more
=0 if they use subway
less than once per week
Usual Travel Time to  Categorical F(1)=328 (38%) =1 if 5-30 minutes
work/School F(2)=275 (32%) =2 if 31-45 minutes
F(3)=156 (18%) =3 if 46-60 minutes
F4)=102 (12%) =4 if >60minutes
Flexible working Dummy F(1)=418 (49%) =1 if they have flexible
F(0)=443 (51%) working hours

=0 if they do not have
flexible working hours
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Table 6-29 Sample characteristics-travelers not-owning a private vehicle

Variable Type Statistics (%) Description
Male Dummy F(1)= 427 (39%) =1 if male
F(0)= 656 (61%) =0 if female
Agel18-34 Dummy F(1)=970 (89%) =1 if respondent’s age
>=18 and <=34
=0 if not
Age35-44 Dummy F(1)=87 (8%) =1 if respondent’s age
>=35 and <=44
=0 if not
Age45-54 Dummy F)=17 (2%) =1 if respondent’s age
>=45 and <=54
=0 if not
Age55+ Dummy F(1)=9 (1% =1 if respondent’s age
>55
=0 if not
Work Dummy F(1)=368 (34%) =1 if working
F0)=715 (66%) =0 if not working
Low _Income Dummy F(1)=806 (74%) =1 if <800 euros
=0 if not
Medium_Income Dummy F(1)=239 (22%) =1 if <801-1500 euros
=0 if not
High_Income Dummy F(1)=38 (4%) =11if >1501 euros
=0 if not
Subway users Dummy F(1)=904 (83%) =1 if they use subway at
F(0)=179 (17%) least 1-2 times per week
ot more

=0 if they use subway
less than once per week

Usual Travel Time to Categorical ~ F(1)=300 (28%) =1 if 5-30 minutes

Wotk/school F(2)=316 (37%) =2 if 31-45 minutes
F(3)=281 (33%) =3 if 46-60 minutes
F(4)=186 (22%) =4 if >60minutes

Flexible working Binary F(1)=580 (54%) =1 if they have flexible
F(0)=503 (46%) working hours

=0 if they do not have
flexible working hours

6.7 Model Estimation

6.7.1 Partially-Specified Models

An important question arises with regards to the specification of the constants in the
model. Since we deal with a one-dimensional choice process, a single alternative specific
constant (ASC) is associated with each alternative, with all but one of the constants being
estimated. While it is in theory possible to further improve the specification by using a
separate parameter for each level of the e.g. income group or for each level of another
SDC variable associated with travel time, cost or transfer inconvenience, we assume that

this process would not offer any significant improvement in LL.
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Analyses were undertaken separately depending on the ownership for the respondents,
since the car was not offered as an alternative option to travelers who reported not
owning a private vehicle. For each dataset, we tested the differences between MNL,
MNP and HEV models. The first model incorporated only variables related to the
transport system: travel time (in-vehicle time and out-of-vehicle time), fare, and the
number of transfers within the journey (Table 6-30); this model is termed as partially-

specified.

Table 6-30 Partially-specified Logit and Probit results for travelers

Travelers owning private vehicle Travelers not owning travel vehicle
Variables MNL 2 MNP 2 Binomial Logit’>  Binomial Probit®
coefficient (t-stat)  coefficient (t-stat) coefficient (t-stat)  coefficient (t-stat)
In-vehicle time -0.038 (-24.64) -0.031(-20.26) -0.038 (-21.09) -0.032(-21.10)
Cost 0.211 (-25.36) 10.155 (-23.26) 10.292 (-37.96) 10.239 (-41.35)
S;Z(’f'vehlde -0.039 (-9.21) -0.034 (-9.34) -0.038 (-5.30) 0.031 (-5.38)
Number of 0.236 (-7.69 0.200 (-7.36 0.188 (-6.20 0.158 (-6.29
transfers e (_ ’ ) - (_ ’ ) e (_ ’ ) e (_ ’ )
ASC_bus 1.057 (12.88) 0.78 (12.5) 0.457 (5.11) 0.396 (5.37)
ASC_car 1.525 (25.92) 1.08 (18.88) N/A N/A
Null log-
kelhood Loy 782910 -7829.10 6097.18 -6097.18
Final log-
oy -6765.46 -6756.81 -4991.20 -4996.59
tL;i{tethOd aue p127.07 2144.58 -2211.96 2201.18
Adjusted R-square  0.136 0.206 0.181 0.260
©2

aN=861 respondents ; Sample size for MNL model refers to individuals (each providing 9 responses), number of
observations is 7749.

bN=1083 respondents; Sample size for MNL model refers to individuals (each providing 9 responses), number of
observations is 9747.

N/A non-applicable

Multinomial Logit model for car owners and car non-owners

The estimation dataset for car owners contains information on 7749 observations,
whereas the estimation dataset for car non-owners contains information on 9747
observations. The process revealed significant negative effects of in-vehicle travel time,

out-of vehicle travel time, transfer inconvenience and travel cost.

Initial results confirm that for travelers who own a private vehicle, the alternative specific
constant for car is positive and higher than the one for bus, indicating that all else being
equal, car is the most preferable choice. For both car-owners and car non-owners all
coefficient estimates have the expected sign and are consistent with a-priori assumptions

(Hensher 2001). Negative signs for time, cost and number of extra transfers within a
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journey indicate that an increase in travel time, cost or number of transfers will reduce

the utility (and thus the chosen probability) of an alternative.

The number of transfers variable for car-owners and car non-owners is negative and
significant. The magnitude of the coefficient of transfer variable is higher than cost
which suggests that car-owners are less sensitive to an increase in gas price than they are
for an additional transfer. The magnitude of the coefficient of transfer for car non-
owners is less than cost, which indicates that car non-owners are more sensitive to an
increase in ticket cost than to an increase in the number of transfers to complete their
journey. The coefficients for in-vehicle and out-of-vehicle times are negative and highly

significant for car and bus.
Multinomial Probit model for car ownets and car non-owners

The estimation dataset for car owners contains information on 7749 observations,
whereas the estimation dataset for car non-owners contains information on 9747
observations. Both the Logit and Probit models indicate that travelers are equally

sensitive to travel time whether they walk or wait at the bus stop, or search for parking.

There are no significant differences between the Logit and Probit models estimated on
the same data set. It is important to note however, that the Probit model is
computationally more demanding than the MNL model both in terms of evaluation and
estimation (Munizaga et al. 2000). Overall, estimation results indicate the viability of the
MNL and MNP models in testing SP choice experiments. Although there are no general
rules to evaluate goodness-of-fit (tho-square values), it can be argued that the values are

acceptable and that the probit models are superior to Logit in terms of rtho-square.
Estimating Value of Travel Time Savings (VI'TS)

In this section we compute the value of Travel Time Savings (VITS), defined as the
amount of money an individual is willing to pay in order to save a unit of time spent
travelling. The computation of VI'TS measures has been one of the main applications of
random utility models, with some discussions on the topic including Algers et al. (1998),

Hensher (2001a,b,c), and Cirillo and Axhausen (2004) (in Hess et al, 2004).

In discrete choice models, the computation of VI'TS measures is to be calculated as the

ratio of the partial derivatives of the utility function with respect to travel time and travel
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cost (Hensher, 2005). The VTTS in the case of an MNL model may be calculated as
follows:

VTTS = —‘;“'me*eo

cost

We multiplied the VT'TS measure by 60 to give a measure of VI'TS in euros per hour

rather than euros per minute.

It is important to note here that both attributes of time and cost need to be statistically
significant in order to calculate the VTTS, otherwise no meaningful Willingness to Pay

measure can be established.

As such, the VTTS from the above model may be calculated as follows for car owners:

_ ﬁtime

(—0.038) euros
VTITScar owners = X 60 = =

Brost - (=0.211) 7 hr

Whereas for car non-owners is:

Bei (—0.038) euros
VTTS . ar owners = 5 TE X 60 = 0292) - 78—
cost "

A useful manner by which to compare models is the mean estimate of direct elasticity.
This provides direct evidence regarding the relative sensitivity of each model with respect
to modal shares associated with a change in the level of a specific trip attribute (Greene
and Hensher 2010). Table 6-31 shows the elasticities with respect to a change of generic
attributes such as travel time, fare and transfer inconvenience for the Multinomial Logit

and Probit models of car-owners and non car-owners respectively.
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Table 6-31 Direct Time, Cost and Transfer Elasticities during a programmed subway
closure

Travelers owning private . .
gp Travelers not owning travel vehicle

vehicle
Binomial Binomial
MNL MNP+ Logit> Probitb
Attribute Meanl St mean St mean St mean St
Dev2 cv Dev Dev
Bus demand wrt to in-vehicle travel time -0.929 0.43 -0.953  0.48  -0.502 0.39 -0.496 0.361
Bus demand wrt to in-vehicle travel time -0.709 0.48 -0.671 047 N/A N/A N/A N/A
Taxi demand wrt to in-vehicle travel time -0.787 0.39 -1.117  0.66  -0.630 0.38 -0.697 0.47
Bus demand wtt fare cost -0.199 0.08 -0.182  0.08  -0.145 0.11 -0.139 0.09
Car demand wtt to fuel consumption -0.690 0.46 -0.596 042 N/A N/A N/A N/A
Taxi demand and general travel cost -1.380 0.80 -1.90 1.34 -1.661 1.17 -1.830 1.46
Bus demand wrt wait and walk time -0.330 0.14 -0.362 016  -0.168 0.125  -0.161 0.11
Car demand wrt to patking search time -0.321 0.19 -0.326 0.20 N/A N/A N/A N/A
Taxi demand wrt to wait and walk time -0.169 0.06 -0.257 012 -0.131 0.06 -0.138 0.08
Bus demand wrt to transfer 0157 004 0165 015 0063 008  -0.063 074

inconvenience

aN=861 respondents ; Sample size for MNL model refers to individuals (each providing 9 responses), number of
observations is 7749.

bN=1083 respondents; Sample size for MNL model refers to individuals (each providing 9 responses), number of
observations is 9747.

IMean estimate of direct elasticity

2Standard Deviation

N/A non applicable

Results suggest that a 10% increase in bus travel time during a subway closure would
result in a 9% reduction in the car owner travelers who selected it as their alternative. Car
non-owners though are less sensitive to bus travel time during a subway closure
compared to car owners (elasticity of -0.5). Similarly, results suggest that a 10% increase

in taxi travel time during a subway closure would result in a 6-7% reduction in the

travelers who selected it as their alternative.

Interestingly, car choice during a subway closure is not sensitive to parking search time
(elasticity of -0.3). On the other hand, car non-owners seem less sensitive to deterioration
of the public transit service; if bus headways increase, bus patronage would drop by only

1.7% during closures.

Similarly, a 10% increase in fuel consumption due to congested roads and increased
travel times would result in a 7% reduction (logit) in the car owner travelers who selected
it as their alternative. We note that elasticities of car demand with regard to fuel
consumption and relative cost during closures appear higher compared to average short-
run elasticity values and closer to average long-run elasticities reported in the literature

(Goodwin 1992; de Jong and Gunn 2001). As expected, public transport demand is less
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sensitive to cost changes (elasticity of -0.2) during a subway closure, while car demand is

much more sensitive to a potential change in gas price.

6.7.2 Fully-Specified Model

The next step was to add a set of socio-demographic variables (age, income, gender,
flexibility in working hours) and trip-related variable (purpose) to each of the selected
models in each of the above mentioned data sets. Tables 6-32 and 6-33 present the
results of the fully specified models incorporating trip related and traveler related

variables using Logit, Probit and HEV models.

Table 6-32 Fully-Specified MNL, MNP and HEYV results for car owners

Model Logit? Probit? HEV?
Utility parameter name coefficient t-stat  coefficient t-stat coefficient  t-stat
BUS
Constant Bus 0.959 3.47 0.66 3.62 1.011 3.47
Age:18-35 n/s n/s -0.419 -1.685
Age:35-45 n/s n/s -0.566 -2.20
Income: High -0.289 -2.79 -0.207 -2.92 -0.347 -2.30
Income: Low n/s n/s 0.249 2.06
Usual Travel time :46-60 mins 0.276 2.57 0.205 2.74 0.348 2.87
Usual Travel time :>=060 mins 0.766 5.89 0.527 5.80 0.885 6.09
Use subway at least

once per week 0.337 3.64 0.246 3.75 0.405 3.77
CAR

Constant Car 1.419 5.00 0.947 4.45 1.327 3.77
Gender: Male 0.216 2.88 0.172 3.15 0.269 2.99
Age:18-35 0.713 2.74 0.665 3.48 0.978 3.03
Age:35-45 0.573 2.16 0.566 2.90 0.789 241
Age:45-55 n/s 0.496 2.43 n/s
Ttip putrpose: Work -0.239 -2.12 -0.194 -2.40 -0.263 -1.99
gzz;“bway at least once per 0497 562 -0.423 -6.39 0.696  -6.08
Flexible working hours n/s -0.116 -2.02 n/s
In-vehicle time -0.041 -25.34 -0.032 -19.94 -0.052 -14.84
Cost -0.220 -25.55 -0.158 -23.38 -0.257 -20.14
Out-of-vehicle-time -0.041 -9.44 -0.034 -9.52 -0.055 -8.36
Number of transfers -0.255 -8.08 -0.199 -7.62 -0.315 -6.91
Null Log-Likelihood -7829.10 -7829.10 -7829.10
Final log-likelihood -6537.45 -6531.71 -6526.57
Likelihood ratio test -2583.31 -2594.78 -2605.06
Rho-square (p2) 0.165 0.233 0.233

n/s Not significant at 10% level

aN=861 respondents; sample size for MNL model refers to individuals (each providing 9 responses), number of
observations is 7749.
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It is evident from Table 6-32 that the fit is lower for the logit model compared to probit
and HEV. In the HEV model, all parameters are significant and with the expected signs.
Parameter differences between income, travel time, age, use of Subway, in-vehicle time,
cost and transfer inconvenience are significant between model specifications. Results also
indicate that the effect of the attributes on the model accuracy differs between variables,
with probit models producing the lower coefficients (in absolute values), and

heteroskedastic model producing the higher coefficients (in absolute values).

Table 6-33 Fully-Specified MNL, MNP and HEYV results for car non-owners

Model Logit* Probit? HEV>

Utility parameter name coefficient t-stat coefficient t-stat coefficient t-stat
BUS

Constant Bus 0.787 2.52 0.559 2.62 0.816 3.33
Gender: Male 0.391 7.57 0.323 7.48 0.335 7.09
Age:18-35 -0.693 -2.34 -0.504 -2.40 -0.611 -2.60
Age:35-45 -0.711 -2.34 -0.493 -2.24 -0.640 -2.64
Age:45-55 -0.878 -2.55 -0.638 -2.50 -0.777 -2.84
Income: High -0.460 -3.36 -0.383 -3.58 -0.372 -3.48
Income: Low 0.526 8.20 0.453 8.60 0.421 7.27
E:Z‘l travel time:46-60 0.149 216 0.122 2.08 0.131 2.18
E:Z‘l travel time:>=60 0.194 2.48 0.150 2.32 0.182 2.71
In-vehicle time -0.039 -20.99 -0.032 -20.88 -0.034 -17.30
Cost -0.299 -37.90 -0.245 -41.46 -0.271 -23.62
Out-of-vehicle-time -0.039 -5.36 -0.032 -5.39 -0.032 -5.08
Number of transfers -0.193 -6.29 -0.161 -6.31 -0.154 -5.501
Number of observations 9747 9747 9747

Null Log-likelihood -6097.18 -6097.18 -6097.18
Log-likelihood -4891.29 -4894.78 -4886.75
Likelihood ratio test -2411.79 -2404.8 -2420.86
Rho-square (p2) 0.198 0.276 0.277

/s Not significant at 10% level

N=1083 respondents; sample size for MNL, MNP, HEV model refers to individuals (each providing 9 responses), number of
observations is 9747.

We note that the three models provided similar results regarding the significance of the
independent variables and the coefficient signs. The positive sign for ‘male’ suggests that
male car owners spend more time driving than traveling on the bus during a subway
closure. The age variable is alternative specific; car-owners between 18 and 35 appear to
drive more often during a closure than other age groups. Travelers who usually travel
more than 45 minutes (Tables 6-32 and 6-333) are more attracted to the bus during
closures. As we can see from Table 6-33, the coefficient of ‘usual travel time (>45

minutes)’ is positive and highly significant for bus users. This finding is reasonable since
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travelers, and particularly commuters, usually drive for shorter distances during subway

closures.

The coefficient for ‘transfer’ for car owners is 6 times higher than that of travel time
(either in-vehicle or out-of-vehicle time), indicating that car owners are more likely to
object to additional boarding on different modes during a subway closure compared to
travelling longer or paying more. For car non-owners though, travel time is less
significant than transfer and cost during a subway closure. Car non-owners have a lower
value for time than car-owners, and value more the cost of public transport than car-
owners. These findings indicate that car non-owners derive the highest benefit from a
reduction in bus fare during a subway closure. Travelers who use subway regularly would
use bus in the event of a programmed closure of the subway network, while travelers
who usually travel by modes other than subway, would use the car. Commuters who own

a car seem to be more willing to drive in the event of a closure than other travelers.

Low income travelers who own a car tend to use bus more during subway closures, while
the income variable was found to be non-significant for car users. This is expected, as
low income travelers usually prefer public transportation modes during closures for
longer distances due to financial constraints. Flexibility of working hours was found to
be statistically significant only for car owners, indicating that travelers who are flexible
with arrival and departure time are less likely to choose car-related modes during a
subway closure, while travelers with inflexible hours are restricted to using a car in the

event of a subway closure.

6.8 Conclusions

This study offers an analysis of traveler responses to a programmed subway closure due
to personnel strike. Multinomial Logit, Probit and HEV models were built to better
understand the choice of model for travelers during a strike. Both HEV and MNP relax
the irrelevant alternatives property of the MNL model, which is a crucial consideration.
Socio-demographic variables (age, income, gender, flexibility in working hours) and trip-
related variable (purpose, usual travel time) were among the variables discussed. All
models had similar results on the significance of age, gender and income. Results
indicated that travelers who are regular subway travelers and have therefore been more
affected by network disruptions, are less likely to shift to the car as a result of that
disruption. Younger travelers (age <35 years) are more likely to change their travel

patterns. The results also showed that travelers between 45 and 55 will shift to using a
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car regardless of the increased travel time or cost during a closure. Regular subway
travelers are more likely to use other public transportation alternatives rather than
shifting to the car during a programmed closure. The mean in-vehicle travel time
elasticity for bus users is found to be -0.9, for car-owners during a subway closure, while

for car non-owners 1s -0.5.

The travel patterns during a subway closure depend on their individual socioeconomic
and trip related characteristics. Our research shows that those travelers who are flexible
with arrival and departure times at their destination, would travel by public transport
during a closure. For travelers who are not flexible in terms of time our research
indicates that they would consider using their private vehicle during a closure. One
limitation of this study is the relative small size of travelers aged over 55 years old.
Further research should be aimed at collecting larger data sets, possibly relying on social
network sources. We also note the possible importance of using technologies such as
GPS and Bluetooth devices to collect representative data; as Zhu and Levinson (2011)
note, objective observations of travel decisions and experience such as route selected,
departure time, travel speed, and on-route delay from GPS devices could supplement
subjective evaluations collected from existing surveys, and thus allow for more

sophisticated behavioral analyses.

The results of our questionnaire can shed light on traveler experiences during a closure
and on the strategies people adopt when experiencing a disruption. This study is
intended to provide a reasonable starting point for travel demand modeling in specific
situations of subway closures. Models similar to the ones developed here can prove
valuable when planning the delivery of subway upgrades and alternative transport
options when lines are closed. Municipalities and transit authorities should learn from
past experience and provide options (teleworking, carpooling, free or discounted transit
passes, etc) and have contingency plans to make traffic smoother for commuters, based

on results presented.

Though the variable of flexible working schedule was not found significant for all users
and between all tested models, we still believe that this is an important factor related to
anyone’s decision regarding mode choice. “Telework” is defined as a form of organizing
and/or performing work, using information technology, in the context of an

employment contract/relationship, where work, which could also be performed at the
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employer’s premises, is carried out away from those premises on a regular basis
y > y g

(BEuropean Framework Agreement on Telework").

The concept of telework although new, is clearly growing in the European Union of the
27 countries (European Foundation for the Improvement of Living and Working
Conditions, 2010). Given the growing need of dealing with the effects of subway closures

we suggest the implementation of such a scheme in the event of disruptions.

If travelers are given the option of canceling their commuting trip to work, instead work
from home, this would possibly change the mode shares during a subway closure. Even
the possibility of flexible working schedule may lead some travelers to either walk to their
destination if not on a hurry, or ride their bicycle or even try car-pooling with others. In
the case of inflexible working schedule travelers may be forced to pay extra to arrive on

schedule to their working location.

Since this question on the survey was not applicable for all travelers (either because not
all of the surveyed population is employed or because some students are flexible with
schedule) we cannot reach stable conclusions. Although telework cannot be promoted
during all types of disruptions especially when these last longer than a few days or when
these disruption are a result of a sudden breakdown, it is considered that it does result in
less traffic on congested highways during the peak hours. Lari (2012) analyzed the results
of a major initiative of telework in Minnesota. The author summarizes the positive
results of this initiative through reduction in peak-period trips taken and vehicle miles
traveled. Among the benefits of telework, as reported by the author we focus on the

most relevant ones to our study (Lari, 2012):
* Improvement in emergency responsiveness and continuity of operations
® Reduction of vehicle tear-and-wear, congestion and commuting time

* Benefits reflected in different aspects of life; economically, psychologically,

socially
= Operating cost savings

* Improved employee performance

! In Greece the proportion of people who telework is less than 2% (Parent-Thirion et al. EWCS, 2005)
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Ott et al. (1980), studied the effect of flextime on travel behavior, traffic congestion and
energy consumption. According to their study, individuals who have longer travel times,
and use transit have later mean arrivals, those who have higher numbers of children and
who are older have earlier arrivals. Based on the same study, a majority of workers

experienced savings in travel time due to flextime.

Jovanis et al. (1984), support that workplace constraints are important because of the
probability of a “preferred” arrival time, despite flextime, the worker can feel subtle (or
not so subtle) expectations from their supervisors concerning a desirable arrival time.
Owen (1979) concludes that the worker may feel increased utility for a specific arrival

time because he can impress supervisors with his punctuality (Paul et al., 1984).
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7. Joint RP-SP Analysis

7.1 Introduction

This chapter formulates and applies a nested logit framework for joint analysis of RP and
SP data that accommodates heterogeneity across individuals in the responsiveness to
level-of-service factors, scale difference in the revealed and stated choice contexts. As
discussed in Chapters 5 and 6, part of this research included collecting RP data related to
the behavior response of metro travelers to a 5-month partial closure of Metro Line 1
and SP data related to the choice of mode of travelers in the hypothetical event of a 24hr
subway closure. The RP data has already been used in this dissertation to build a binary
logit model of alternative travel patterns during metro closure, while the SP data has been
used to build a MNL, a MNP and a HEV model of alternative travel pattern in the case
as a result of 24hr disruptions in operation of subway network. The detailed analysis of

the models’ development is presented in Chapters 5 and 6 respectively.

The results indicated that using only RP data results in a statistically insignificant trip
purpose coefficient during a partial closure of the metro network, reflecting inability of
collecting trip information related to the non-chosen alternative mode within the RP
sample, as well as inability to collect data related to cost and sociodemographic
characteristics. On the other hand, SP data and other hypothetical data are particularly
useful when RP data do not have sufficient variation in attributes or too much
correlation among the attributes (Mabit, 2010). However, the alternative-specific
constants produced from the SP experiment are not reflective of the market shares of the
alternatives. The initial results of our separate analysis of RP and SP data indicate
substantial variation (or unobserved heterogeneity) across individuals, and resistance to
change travel mode. Since past frequency of subway resulted in a higher probability of
using the bus in the event of a subway network disruption, one would expect resistance
to change of travel mode during closure. However, frequent car use did not result in
higher shares of travelers choosing the car mode as an alternative to the 5-month Metro

closure.

Since past behavior frequently regulates a new decision context, combining two sources
of data — one of actual experience and one of hypothesized — may offer useful insights.
By combining two datasets, we exploit the variability in SP data for estimating RP model
parameters; in this manner we improve on the accuracy of parameter estimates while

exploiting the advantages of both datasets. In general, the realization that RP and SP
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methods have both advantages and limitations has led researchers to the development of
techniques for combining these data in joint analyses (Dissanayake and Morikawa, 2001;
Dissanayake, 2001; Dissanayake and Morikawa, 2000; Morikawa, 1989, Ben-Akiva and
Morikawa, 1990; Polydoropoulou and Ben-Akiva, 2001). Comparing utility model
parameters from different data sources has been the subject of considerable research
(Louviere, Hensher and Swait, 2000). Comparing utility model parameters from different
data sources has been the subject of considerable research (Louviere, Hensher and Swait,

2000).

RP data are naturally constrained in terms of being able to collect information on the
non-chosen alternatives; to this end, our analysis requires an approach for collecting data
outside the existing ranges. This is covered by the collection of SP data. At the same
time, SP data are particularly useful when RP data do not have sufficient variation in
attributes or too much correlation among the attributes (Mabit, 2010). This study
explores altered travel patterns during subway closures by investigating the reaction of

three categories of travelers:

1. Travelers who remain on the partly disrupted network during the disruption.
These travelers use the parts of the line that remain in operation along with the
alternative means provided by the operator for the disrupted parts,

2. Travelers who during closure shift to alternative modes and return to the metro
system after the line has been restored, and

3. Travelers who adopt an alternative mode and do not return to PT even after

restoration.

For this analysis we need both Revealed and Stated Preference techniques to explore the
importance of trip and traveler characteristics (i.e. travel time, cost, previous experience,

and so on) on travel pattern selection during closure.

Polydoropoulou and Ben-Akiva (2001) described the benefits of using a combined
RP/SP Nested Logit model for considering access and main mode choice for new mass
transit project in Tel-Aviv metropolitan area. Sobel (1980) used various types of NL
structures to examine travel demand forecasting for individuals. Talvitie (1978) estimated
commuting-based mode choices by using two-level NL model and keeping the upper-
level for line haul choices and the lower-level for access or egress modes, and extended

the analysis considering income and work trip sub-groups (Talvitie, 1978). Mannering et
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al. (1994) developed a NL model to investigate individual travel behavior, emphasizing
mainly on activity type and activity chaining aspects, where the upper-level represents the
activity type choice and the lower-level shows the number of stops in the activity chain.
Train & Wilson (2007) developed a model that included unobserved influence of the RP
choice on the SP choice experiment. The authors developed their model for both SP-off-
RP and pivoted SP experiments. Their results showed that there is some effect in some
of the specifications that they investigated. Hensher, Rose and Greene (2005) advise
practitioners to combine RP and SP sources and clarify that the respondents sampled for
each data source need not be the same. The authors strongly support the collection and
use of RP data to provide information on the likely attribute levels experienced within

markets from which SP experimental design attribute levels can be pivoted.

In this chapter the choice of mode during a subway closure is modeled as a Nested Logit
model. A two-level NL. model with one branch including all the RP alternatives and
dummy branches for the SP alternatives is developed since this is the most common

practice when pooling RP and SP data sources.

7.2 Combining RP-SP data in Travel Behavior Modeling

The preceding discussion provides a basis to address the general problem of combining
RP and SP data. The mode choice situation that is considered in this research is a well-

known Multinomial Logit model (MNL) of the following form:

Vin

e
P,(i) = =———
Tl( ) §=1 ern'

j=1 ..., 1€ Vi+]j
Where, P, (i) = probability of traveler # choosing alternative 7

Vin = is a determinist component of utility of a function of exogenous variables and it

can be written as

Vin = a; + BXin

Where a; = constant specific to alternative 7
p is a vector of parameters to be estimated

Xin 1s vector of attributes for the individual 7 and the alternative 7
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The random error ¢ term is associated with the independent variables and is assumed to
be the same for estimation and prediction cases in case of using RP data. In case of using
SP data though, the utility computed is pseudo utility and the random error term (n)
associated is a difference between random error terms of RP and SP data, and hence

cannon be used for prediction purposes.

To improve on the reliability of parameter estimates the model is developed as a
combined RP/SP case. At first, the RP and SP models are developed separately and then
the two models are combined; the final sample comprises of 2982 choice occasions (1038

RP respondents and 1944 SP respondents).

There are several factors that influence travelers when deciding which mode to use
during a metro closure; these include mode features (such as the cost, frequency, in-
vehicle travel time, waiting time and walking distance, parking search time etc), as well as
the connection of the subway network within the city transport system. The utility

functions for the RP and SP data are presented below:

Revealed Preference

U ASCRP + ﬁcost * COStRP + Btransfer * transferRP"'ﬁtnme * ttlmeRP + Bwork

workRF+eRP vi e CRP

Stated Preference

ASCSP + .Bcost * COStS + .Btransfer * transfersp +.8mvt * lnvtsp + 'BOW

OvtSP + lgwork * WOTkSP+Bflex * flexsp+ﬁagegr1 * agegrlsp+ﬁagegr2
a.gegrzsp+ﬁagegr3 * agegr3sp+ﬁmale * malesp + Biine * L INCSP + Bitine *

H_INC;? + &P vj € CP

CRP CSP

Where 4, j is an alternative in  choice  sets respectively,

CRP ={i,i = 1 bus, 2 car, 3, taxi, 4 metro}, CSY = {j,j = 1 bus, 2 car, 3, taxi, } and

kP

RP RP ... _RP . SP SP . SP SP SP
costj'"", transfer;"", ttime;"", work;"; cost;, transfer]- , invt”, WOT‘kj , flexj

agegrlfp

variables for RP and SP described as follows:

, agengfP, agegrBfP, malejsp, L_INC}?P,H_INC}?P are the explanatory

»  costR? is the travel cost of the trip referring either to transit fare or taxi cost or

generalized car travel cost in euros; the average calculated transit fare during the
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closure was 0.46 for a 90 minute trip on all public transport modes’. During the
5-month closure the travel card holders of metro network were allowed to travel

for free on the bus-bridge line and on all bus lines.

ttimeR? is the door-to-door travel time for mode i in minutes,

transferf? is the transfer inconvenience expressed as the number of transfers

within the described trip during the closure,

workf" is a dummy variable which is 1 if the purpose of the described trip

during the closure is work and 0 otherwise.

The explanatory variables of the SP survey are described as follows:

invtjsp is the in-vehicle travel time for mode i in minutes,

ovthP is the out-of-vehicle travel time for mode i in minutes

COSt]’gP

is the travel cost of the trip referring either to transit fare or taxi cost or car

generalized travel cost in euros

transferjsp is the transfer inconvenience expressed as the number of transfers

within the described trip during the closure,

Workjsp is a dummy variable which is 1 if the purpose of the described trip during

the closure is work and 0 otherwise

f lexfp is a dummy variable which is 1 if the respondent works fixed hours, and 0

if works flexible hours or hours which are variable according to the requirements

of the job

agreglfp is a dummy variable which is 1 if the respondent is 18-35 years old and

0 otherwise

agrengP is a dummy variable which is 1 if the respondent is 35-45 years old and

0 otherwise

agreg?;fp is a dummy variable which is 1 if the respondent is 45-55 years old and

0 otherwise

! Calculation based on Athens public transport ticket sales of 2008
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- agreg4jS-P is a dummy variable which is 1 if the respondent is >55 years old and 0

otherwise

= LN C]-SP is a dummy variable which is 1 if the respondent earns less than 800

euros per month and 0 otherwise

= H INC ]SP is a dummy variable which is 1 if the respondent earns more than 1500

euros per month and 0 otherwise

Based on the RP and Logit model, we can get the probability of alternative i chosen by

traveler n that is:

V'RP
RP /- e m
P () = 5—=
Ei=1 e’in

Where VRPis the observed part of the RP utility.

Then, the log likelihood of RP data is given by:
InLRP (ASCS?, B)=Ynere Ziec,IfP Y(rpyin NP
Where, Yrpyin = 1 if traveler # chooses alternative 7, and =0 otherwise.

The joint RP-SP model assumes that the tradeoff relationship among major attributes is

common to both RP and SP; this is reflected in the utility functions which give the same

attributes common parameters (BRE, = BSF . = Bas an example).

Discussion on the Estimated Coefficients

The model estimation results for the separate SP modes is slightly distinct from those

models calibrated previously for all sets of variables.

In the joint RP-SP, generic attributes were used for each level-of-service variable since
the preliminary modeling results done using specific attributes were unsatisfactory. This
indicates that travelers perceived cost, travel time and transfer inconvenience uniformly,

irrespective of the traveling mode.

7.3 Econometric Analysis

As explained above, it is feasible to combine the two discrete-choice models employed in

this dissertation since they reflect the same process of selecting an alternative mode of
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travel during Metro disruptions. Both are applications of random utility theory. Each
selection model considers three common attributes: travel cost, travel time, transfer
inconvenience. Since its model is based on random utility theory and can be estimated
with the Nested Logit Model, each can be used for analyzing travel behavior during
Metro distruptions. The results of each approach taken alone and the combined approach

can be compared in the end of the analysis.

7.4 The Survey and Data Analysis
The dataset for the study is a joint RP and SP dataset. The RP data comes from data

collected just after Metro Line 1 was back in operation after a 5-month closure for
upgrade works. The SP data is based on an internet survey that was developed to collect
additional data to model the travel behavior responses of metro travelers to changes in
travel conditions, including travel times, transit fares, fuel cost, transit service frequency
and transfer inconvenience, during a hypothetical 24hr closure of the Metro/Tram and
Suburban Railway Network. Thus the final sample comprises of 2982 choice occasions

(1038 RP respondents and 1944 SP respondents).

Revealed Preference Model Choice of Alternative Mode Model during Metro
Disruptions

We develop a choice of alternative mode of travel during Metro Disruptions. The
alternative modes are differentiated for each survey type. Considered available alternative
modes during the 5-month partial closure of Metro Line 1 are Bus, Metro (the operating
part of the network), Tram, Private Car, Taxi, Bike, Motorcycle. Based on the choice of
mode of the respondents of the survey we identified the main mode of travel of each
traveler. We also omitted from the dataset the responses where the main mode of
journey was either walk or bike, as the only available information was travel time. The
utility of each alternative mode 7 is represented by V;. The alternative specific constants
ASC;, are included for each alternative mode in the RP dataset except for one of them

which is normalized to 0 for identification purposes.

The RP data does not include any information on the travel time of the non-chosen
alternatives, and hence assumptions based on the average travel time of each mode have
been made, based on the origin-destination of each trip, the time of the day that it took
place, assumptions of travel speeds in am peak and off-peak hours in Athens. Since,
there was no data available for the non chosen alternatives in the RP survey, the authors

developed estimations of travel time and travel costs using supplementary data sources.
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The fuel price was estimated at 1.64 euros/It (2010 price), the average fuel consumption
was estimated at 0.09lt/km in Athens city centre. Fuel consumption is assumed to
account for the 75% of the operating cost of a trip in Athens city centre (See Chapter 6
for details). For taxis the estimation of travel cost was calculated as follows for the base
trip category; commuting. For taxis, tariff is 0.18 euros/min and value of time for

commuters traveling by taxi is calculated to be 6.62 euros/hr.

The lack of variability in some attributes in RP surveys, precludes a statistically significant
estimation of key parameters of the choice models (Atasoy, Bierlaire, 2012). The SP data
is used to overcome this issue of limited variability within the RP data. The SP data
comes from an internet survey which was described in detail in Chapter 5. The
respondents were presented with hypothetical choice of mode situations and offered
three alternatives during a 24hr closure of all Subway Network among car, bus and taxi.

The explanatory variables of the SP survey are described as follows:

Stated Preference Model Choice of Alternative Mode Model during Metro
Disruptions

The SP model is also a logit model. The choice set consists of three alternatives. The SP
data consists of two groups of travelers; car owners and car non-owners. The utility of
each alternative mode i, is represented by V;. Similar to the RP model, the parameters of
the price and transfer inconvenience are constrained to be the same as the price and
transfer parameters of the RP model presented in Section 7.2. Similarly the parameter of

trip purpose is also designed to be the same as the parameter of the RP model.

In the SP model, there are additional sociodemographic variables since it is based on a
rich dataset. For all metro travelers we have the information of working schedule
flexibility. A study of choice of mode of commuters from North Kent (Wardman, 1988),
found that those travelers working variable hours were found to have the highest values
of time, presumably reflecting the longer hours worked and thus the greater constraints

upon available time.

In this section the RP model is estimated with the SP model to take advantage of its
elasticity. Since the models for RP and SP datasets are estimated simultaneously, we need
to define a scale variable, saale,. The scale of the RP data is fixed to 1 and sl is to be
estimated to capture differences in the covariance structure of the error terms of the two

models.
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The universal choice set includes 7 alternatives: RP; main mode car, main mode bus,
main mode taxi, main mode metro (by this we refer to the operating part of the line

during the 5-month closure), SP; car, bus and taxi.

For the population represented by the sample, indirect utility from trip characteristics

takes the form:

RP __ RP RP RP RP RP RP : RP RP
Vin - ASCi + Bcost * COSti + Btransfer * transferi +Bttime * ttlmei + Bwork *

workRF vi € CRP

which is a function of 8, the vector of coefficients associated with the vector of
attributes describing trip related characteristics. The regression is estimated with a
Multinomial Logit model using Maximum Likelthood Estimation (MLE) techniques. The
MNL model has the Independence of Irrelevant Alternatives (ILA) property. Table 7-2
gives the estimates for the ‘best’ MNL model using actual travel data related to the choice

of alternative during the 5-month closure of the metro line.

Table 7-1 Separate MINL model of RP survey data

Attribute Parameter t-value
ASC BUS -1.341 -2.983
ASC CAR -0.741 -3.295
ASC METRO -2.823 -6.104
TTIME 0.001 n/s
TRANSFER 1.599 5.045
COST -0.787 -7.975
Work Dummy for metro -0.846 -4.088
Sample Size (observations) 1038

Rho-Square Not computed

Log-Likelihood -903.6155

According to this model, respondent travel time is not statistically significant. The lack of
variability in some attributes in RP surveys precludes a statistically significant estimation
of key parameters in choice models (22). SP data are used to overcome the issue of
limited variability within RP data. The parameters for the dummy variable of trip purpose
for work were removed from the model for bus and car users since they ‘weakened’ the
relations of the other variables. Overall, the results of the RP model are highly significant
except for travel time. Lack of significance may also be — at least in part — attributed to

the assumption regarding travel times for the non-chosen alternatives.
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7.5 Stated Preference Model
Tables 7-2 and 7-3 give the best MNL model estimates using the SP data described, for

car owners and car non-owners respectively related to altered travel patterns during a
24hr hypothetical closure of subway Network. The coefficients fall into three categories:
1) coefficients that are uniquely determined by either the RP or the SP data, 2)
coefficients that are common in the two data sets (except for a scale effect) and 3)

coefficients that are different in the two data sets.

For the population represented by the sample, indirect utility from trip characteristics

takes the form

= ASCP" + Bigse * costi’ + Brfansper * transfery” + ik, + invt?” + B35 + ovtP +

\f/}:)rk * WOTkSP-I-ﬂﬂex * flexsp-}'ﬁagegrl * agegrlsp-l'ﬂagegrz * agegrzsp-}'ﬁagegm

agegr3i®+Pajue * malef” + By x LINCS® + Bifiye * HAINCFP vj € C5F

Table 7-2 Stated Preference Model-Car ownets

SP-Sample MNL

Variable

Param. t-value.
Constants
SP Sample
BUS 1.033 11.238
CAR 1.596 19.173
Taxi (reference base)
Level of Service Variables
In-vehicle travel time (in mins) (SP) -0.039 -25.025
Out-of-vehicle travel time (mins) (SP) -0.040 -9.271
Transfer inconvenience (RP,SP) -0.241 -7.781
Cost (RP,SP) -0.212 -25.330
Socio Demographic Variables
Low_Income (<800)
For bus users 0.309 4.660
High_Income (>1500)
For bus users -0.338 -4.774
Age
Age 35-45
For bus users -0.069 -0.967
Trip purpose work
For car users -0.183 -2.941
Gender Male
For Car Users 0.213 4.125
Work schedule flexibility
For Car users -0.134 -2.552
Log likelihood -6708.093
Null Log Likelihood -7829.098
Rho Square 0.143
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Table 7-3 Stated Preference Model-Car non-ownets

SP-Sample MNL

Variable

Param. t-value.

Constants

SP Sample
BUS -0.298 -3.433
Taxi (reference base)

Level of Service Variables
In-vehicle travel time (in mins) (SP) -0.038 -21.005
Out-of-vehicle travel time (mins) (SP) -0.028 -4.871
Transfer inconvenience (SP) -0.185 -6.060
Cost (SP) -0.299 -37.866
Socio Demographic Variables
Low_Income (<800)
For bus users 0.535 8.486
High_Income (>1500)
For bus users -0.436 -3.241
Age
Age 35-45
For bus users 0.003 0.028
Trip purpose work

For car users

Gender Male

For bus Users 0.380 7.415
Work schedule flexibility

For bus users -0.029 -.590
Sample size (observations) 9747

Log likelihood -4905.315
Null Log Likelihood -6097.184
Rho Square 0.195

n/s not significant at 10% level

Combined RP/SP Model for Estimating Alternative Mode Choice during Metro
Disruptions

Given that the attributes and variables contained within the RP data sets are likely to be
ill conditioned(due to multicollinearity, little or no variation in the attribute levels, etc),
parameter estimates obtained from RP data are likely to be biased (Hensher, Rose and
Greene, 2005). In our case, where the Metro alternative is present within the RP
component but not within the SP, we use the RP data to obtain the preference function
for that alternative. Hensher et al. (2005) note that the sample of respondents for the
joint RP-SP set need not be the same. In the joint RP/SP, generic attributes were used
for each level-of-service variable since the preliminary modeling results using specific
attributes were not satisfactory. This suggests that travelers perceive cost, travel time, and

transfer inconvenience uniformly, irrespective of the traveling mode.
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The combined model shares some of the coefficients particularly for common attributes
belonging to RP and SP models. Since the models for the RP and SP datasets are
estimated simultaneously, we need to define a scale variable, scale,,. The scale for the RP
data is fixed to 1 and scale, is to be estimated to capture differences in the covariance
structure of the error terms in the two models. The coefficients fall into three categories:
1) coefficients that are uniquely determined by either the RP or the SP data, 2)
coefficients that are common for the two data sets (except for a scale effect), and 3)

coefficients that are different in the two data sets.

The universal choice set includes 9 alternatives; for RP: car, bus, taxi, metro; for SP: car,
bus and taxi (for car owners/CO) and bus, taxi (for car non-owners/NCO). The model
is primarily estimated with a Multinomial Logit model and a using Maximum Likelihood

Estimation (MLE) techniques.

Initial results confirm that for travelers who own a private vehicle the alternative specific
constant for car is positive and higher than the one for bus; this indicates that all else
being equal, car is the most preferable choice. Negative signs for time, cost and number
of extra transfers within a journey indicate that an increase in travel time, cost, or number

of transfers will reduce the utility (and thus the chosen probability) of an alternative.

The ‘number of transfers’ variable both for car and car non-owners is negative and
statistically significant. The ratio of transfer over cost is higher for car owners (1.14)
compared to the ratio of transfer over cost for car non-owners (0.62), which implies that
car owners place a higher implied monetary value on each transfer than car non-owners
do. The high value of the existing transfer penalty expresses the need for:

I. an increased direct connectivity of the PT network and the road network to

reduce transfer rate

2. improving the quality of transit transfers, by working on time schedule, on-time

arrival, and transfer fare

3. enhancing safety of transfer and activity consolidation through intermodal
transfer stations offering opportunities for productive time use (e.g. post/bank
counters, restaurants, wifi zones within metro/bus stations), thus decreasing

transfer disutility.
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4. Improve the physical aspects of transfer facilities (such as distance to make a

transfer, lighting, seating, signage, protection from weather)

According to previous studies on transfer facilities, a transfer accounts for approximately
one quarter of total generalized costs (or time), which means that the shorter the trip the

more significant the impact of transfer',

The utility is generally unitless. Assuming that the travel cost is measured in euros and
the travel time is measured in minutes, the ratio of the coefficient for the travel time over
the coefficient for the travel cost would have units of euros/min (ot if multiplied by 60

euros/hr), which is the expected unit for VOT measure (equation 3).

VOT = (ﬁin—veh time) + 60 3)

ﬁcost

The estimated VOT (in-vehicle time/travel cost) from the SP only model for car owners
is higher (11.04 euros/ht) than car non-owners (7.63 euros/hr) which implies that car
owners place a higher implied monetary value on each additional minute of travel than
car non-owners do. There is evidence that in-vehicle travel time is almost equally
important for car owners (VOT of 11.04 euros/ht) to out-of vehicle travel time (wait,
walk) (11.32 euros/ht) due perhaps to favourable weather conditions in Attika Region, as
waiting/walking time is perceived especially burdensome when they have to wait in
difficult environments, such as in cold, hot or rainy weather or in seemingly unsafe or
insecure condition. The opposite holds for car non-owners, where in-vehicle travel time
is perceived particulatly onerous (VOT of 7.63 euros/hr) compared to out-of-vehicle
travel time (5.62 euros/ht), , which shows that car non-owners are more sensitive to out-
of-vehicle time which is rather controversial with what most studies support. However,
we might argue that travel behavior and perception of travel time is very different under
different circumstances (during and before/after disruptions). A travelers” in-vehicle
travel time can be more onerous than his actual waiting/walking time during metro
disruptions. This might be partly explained by the difference in perceived and actual time
particularly on walking and waiting time. This difference can vary by conditions such as
headways, reliability, safety security, comfort, convenience, and conditions where

travelers are forced to wait due to operational disruptions.

I http://www.its.ucla.edu/research/EPIC/Appendix%20A.pdf
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7.6  Theoretical Framework-The Nested Logit Model
As demonstrated in Chapter 3, the Multinomial Logit model has a simple and closed-

form mathematical structure; however, it is saddled with the IIA restriction at the
individual level. One of the three types of discrete choice models that relaxes the ITA
assumption is the NL model. In the following paragraphs only a small introduction of
the NL model is provided, which is most relevant to the present study. The NL model
allows for partial relaxation of the assumption of Independence from Irrelevant
Alternatives (IIA) among random components; it hence allows for correlation among
alternatives. By rejecting the IIA hypothesis, we have alternatives whose utility functions
are correlated in their error terms. Nested logit models and Multinomial Probit models
are used when there are shared unobserved components associated with different choices
or alternatives (Bhat, 1998). In these cases the utilities of the elements of the
corresponding multidimensional choice set cannot be independent.Hence, the NL model
is considered to perform the analysis. MNP models are rejected due to their complexity

function of the likelihood function to estimate more than 4 or 5 alternatives.

In our survey we have two sets of attributes, observed and unobserved, associated with
each alternative to the choice outcome. By linking the two data sets, individuals act as if
they are maximizing utility. The solution to the maximization problem is an indirect
utility expression for each alternative which is a function of the observed and the
unobserved attributes of alternatives. The observed levels of the attributes of alternatives
typically obtained in an RP study are sought directly from the traveler. Within the SP
study though, the attribute levels are fixed by the researcher. While the choice outcome
in the RP survey is known, in the SP survey the potential outcome is not, and comes
from maximizing the likelithood of occurrence given the combination of attribute levels
in the experiment. Though SP experiments involve variation of attribute levels in the
experimental design, each traveler is exposed to different combination of values for the
rest of the explanatory variables. This is called the unobserved heterogeneity effect (Bhat,
1995). Bhat (1995) supportts the use of questions related to actual past choices, habits and
inertia on actual current choices of the SP experiment (this is called stated dependence).
He also believes that there is no reason to assume that the variance of the unobserved
factors in the RP set will be the same with the variance of the unobserved factors in the
SP setting (scale difference). These issues need to be considered when combining RP/SP

datasets.
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We propose a nested structure where RP alternatives are placed under a RP nest and
each SP alternative is placed in a single alternative nest with a scale parameter p, where p
is the factor that scales the SP error of each alternative with respect to the RP error. The
general approach of Nested multinomial is introduced in Heiss (2002).To scale the
variances of the unobserved effects in the SP component relative to the RP component
we use Full-Information Maximum Likelihood (FIML). After testing different
substitution patterns between the SP options or between car owners and car non-owners

in the SP data set, we did not find any evidence of correlation among the SP modes.

Figure 7-1 shows the artificial tree structure in our RP/SP model, where y; (i=1, 2, 3, 4,
5) is the scale parameter for each SP alternative (7). The SP task has three travel options:
car (which includes drivers and passengers), taxi and bus for travelers who own a car and

two: taxi and bus for travelers who do not own a cat.

The SP task has three travel options: Drive alone or Ride Share, Taxi or Bus. Drive
alone/ Ride Shatre and taxi options are desctibed by 4 attributes (total in-vehicle travel
time, total out-of-vehicle travel time and cost) while bus option is described by 4
attributes (total in-vehicle travel time, total out-of-vehicle travel time and fare). All
attributes were assigned three levels and a choice experiment was designed by treating all

attributes as a fractional factorial orthogonal design (detailed description in Chapter 0).

Choi c2 of Mode

[SPTAXI
[FTe)]

SPTAX|

Figure 7-1 The Nested Structure Used in model Estimation

Bradley and Daly (1992) have suggested a scaling approach which correlates the variance
of error term of different observations. The difference between the RP and SP errors can

be represented as a function of their variances such that:

u* = var(ef") fvar(e")
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Where p is the scale factor, scaling the error in SP with respect to the error in RP. Based

on the above theoretical framework the utility functions in case of combination of RP

and SP data can be written for an alternative i € A (Ben Akiva and Morikawa, 1990), as:
URP = aXx[? + Y + ¢
uURP = u(aXi® + vz + ¢)

Where o, 8 and y are parameters to be estimated; X®F and XSPare vectors of common
attributes to both type of data and Y®P and ZSPare the vectors of attributes specific to
SP or RP data respectively. The stochastic errors &; and €; are independently distributed
Gumbel with zero mean the choice probabilities are defined on the basis of their utility
functions on a logit type structure. The maximization of the joint likelthood function is a
non linear problem because # multiplies some of the parameters to be estimated. To
solve this problem two techniques have been used with good results: the simultaneous

estimation method developed by Bradly and Daly (1991) and the sequential estimation
method proposed by Ben-Akiva and Morikawa (1990).

The probability of the alternative 7 chosen by traveler 7 in RP data is:

RP
eVin

RP(:\
Py () = 2 _yRP
i=1 €'

The probability of the alternative 7 chosen by traveler 7 in SP data is:

. euVﬁlP
Pjn = /SP

Where VRP V5P ig respectively the observed part of the RP and SP utility.

The log likelihood of the combined data is the sum of the multinomial log likelithood of
the RP and SP data. The scale factor u plays a crucial role in the process of combining
data. To scale the variances of the unobserved effects in the SP component relative to
the RP component we use the most efficient approach (Hensher and Bradley, 1993)

which uses the method of full-information maximum likelihood (FIML) .
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7.7  Joint RP-SP Model Results

A number of different model structures were estimated in the analysis. Table 7-4
provides the results of the joint RP-SP models. The first model is the “RP-SP MNL”
model with RU1 form, the second is the “RP-SP MNL” model with RU2 form, and the
third is a joint “RP-SP MNL” model with normalized RP, SP to 1 and RU2 form.

The combined model shares some of the coefficients especially for common attributes
belonging to RP and SP models. In particular, the following assumptions have been

considered in this model:

= Level of service variables such as travel cost, transfer inconvenience share for all

RP and SP based utilities in the combined model.

= Level of service variables such as in-vehicle time, out of vehicle time share for all

SP based utilities in the combined model

* Mode specific dummies for all modes are specified separately for each alternative
mode in the RP (work purpose) and the SP utilities (age group dummies, work

purpose, working schedule flexibility, income dummies, gender)

= A scale parameter is included for each alternative mode in the SP utility functions

to observe the relative level of randomness in RP and SP data sources.

Simultaneous estimation (full information maximum likelihood) method is used to
estimate the combined RP/SP Nested Logit model. Basically it is assumed that the scale
parameter for the bottom level (level of mode choices) is equal to one and then, the scale
parameter for the upper level is estimated. Attributes, which are obtained from the RP

and SP databases, are explicitly incorporated for the analysis.

Table 7-4 provides the results of the combined RP/SP models as estimated with a MNL
model and a NL model. The combined model shares some of the coefficients particularly

for the common attributes belonging to the RP and SP models.
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TABLE 7-4 Joint Choice of Mode Nested Model for Travelers during Metro Distruptions

Joint RP-SP Joint RP-SP NL

Variable MNL RU1 FORM

Param. t-value Param. t-value
Constants
Car (RP) 0.432 2.727 1.150 1.986
Bus (RP) 1.455 10.976 1.450 10.826
Taxi (RP) 0.180 1.005™* 1.140 1.355%
Car (SP) 1.540 18.167 1.839 2.434
Bus (SP-CO) 0.722 7.146 1.377 2.237
Bus (SP-NCO) 0.209 2.319 0.496 1.319
Taxi (base mode for SP)
Metro (base mode for RP)
Level of Service Variables
(gl(;())r-to—door Travel Time (in mins.) 20,002 0.521 -0.000 -0.086™
In-vehicle travel time (in mins) (SP) -0.038 -32.081 -0.075 -2.464
Out-of-vehicle travel time (mins) (SP) -0.036 -9.450 -0.078 -2.466
Transfer inconvenience (RP,SP) -0.183 -8.643 -0.314 -3.264
Cost (RP,SP) -0.262 -45.778 -0.505 -2.410
Socio Demographic Variables
Low_Income (<800) (SP)
For bus users (CO) 0.326 4.309 0.555 2.325
For bus users (NCO) 0.512 0.069 " 0.496 1.319™
High Income (>1500)
For car users (SP) 0.231 3.287 0.494 2.128
Age 35-45 (SP)
For bus users —-CO -0.092 -1.235™ -0.142 -1.002™*
For bus users -NCO 0.023 0.246™ 0.042 0.246™
Trip purpose work
For bus users- CO (RP,SP) -0.148 -1.677 -0.239 -1.556
For car users (RP,SP) -0.295 -3.766 -0.536 -3.021
For bus users-NCO (SP) -0.078 -1.208" -0.144 -1.119™
For metro users (RP,SP) -1.019 -4.621 -1.124 -4.467
Gender Male
For car Users (SP) 0.214 3.981 0.502 2.065
Work schedule flexibility (SP)
For Car users -0.134 -2.469 -0.277 -1.801
IV Parameters
RP 1.000 Fixed

parameter

Bus-SP 0.557 2475
Car-SP 0.419 2.457
Taxi-SP 0.559 2.416
Bus (car non-owners)-SP 0.578 2.501
Taxi (car non-owners)-SP 0.570 2417
Number of observations 18534 18534
Log likelihood at convergence -12624.40 -12586.14
Log likelihood constants only -14897.30 -34647.44
Likelihood Ratio 599.66 44122.60
Probability> chi-square value 0.000 0.000
Rho-square 0.410 0.637

" not significant at 10% significance level
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Table 7-4 shows the parameters for the combined RP/SP Nested Logit model. Most of
the parameters are statistically significant with expected signs and adequately describe
choice of alternative modes selected during metro disruptions. The Nested Model is a
statistically significant improvement to the base MNL model (2LL= (—12624.40 —
(—12586.14)) =76>X{ o554,=11.07 (for 0.05 significance level and 5 degrees of
freedom), and we hence reject null hypothesis that MNL is better. Mode specific
dummies have been introduced for each traveler to observe their individual intention for
travel alternatives in the system. Results of the NL model for the mode specific dummies
indicate that the use of bus (RP=1.450, SP/CO=1.377, SP/NCO=0.4906), car (1.150),
and taxi (1.140) is attractive for travelers; parameters are positive and statistically

significant.

Coefficients for in-vehicle travel time, out-of vehicle travel time, cost, and transfer
inconvenience of the NL model are negative (and statistically significant). The joint RP-
SP analysis with the MNL model confirms the initial findings from the SP only model
that travelers almost equally value in-vehicle travel time with out-of vehicle travel time.
However, the joint RP/SP NL model analysis produced a higher absolute value for the
beta coefficients of in-vehicle and out-of vehicle travel time ((-0.075, -0.078), compared

to the joint RP/SP MNL model (-0.038, -0.036 respectively)).

The Value of in-vehicle time was calculated as

voT=Lnt 60
.Bcost)

1. 11.04 euros/hr for car owners with the use of the MNL SP only model

2. 7.63 euros/hr for car non-owners with the use of the MNL SP only model

3. 8.7 euros/hr for the complete population (cat and car non-owners) with the use
of the joint RP-SP MNL model

4. 8.9 euros/hr for the complete population (car and car non- owners) with the use

of the RP-SP Nested Logit model

The Value of out-of-vehicle time was calculated as:

VOT = (/3 out—of—veh time) 60

BCOSt
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1. 11.32 euros/hr for car owners with the use of the MNL SP only model

2. 5.62 euros/hr for car non-owners with the use of the MNL SP only model

3. 8.24 curos/hr for the complete population (car and car non-owners) with the
use of the joint RP-SP MNL model

4. 9.27 euros/hr for the complete population (car and car non-owners) with the use

of the RP-SP Nested Logit model

The Nested RP-SP model provides average estimations for the mean population

compared to MNL SP only models and the Nested RP-SP MNL model.

All level-of-service variables are highly and significantly negative in the NL model. This
implies that the ‘in/out-of-vehicle travel time’, the ‘travel cost’” and the ‘transfer
inconvenience’ are associated with a disutility of choosing any travel mode decreases as
time spent travelling, cost, and number of boarding times increase during subway

closures.

Initially, the scale parameter for the bottom level (mode choice level) of the NL model is
assumed to be 1. According to our estimation results of the NL model, the scale
parameter for the upper level (rp/sp dataset) is 0.557 for the sp bus alternative, 0.419 for
the sp car alternative (for car owners), 0.557 for the sp taxi alternative (for car owners),
0.578 for the sp bus alternative (for car non-owners), and 0.570 for the sp taxi alternative
(car non- owners). This indicates that all sp alternatives are within the unit interval and
should not share the same nest. Another interesting insight provided by the mode-
specific scale factors can be seen by noting that the ratio of the scale factors of all modes
in the SP data set to that of car is greater than 1. Hence, these other modes, have error
variances with an order of magnitude less than that of car, in the SP choice task. A
likelihood ratio test clearly rejects the base MNL model that implicitly restricts the scale

(IV) parameters to unity.

The dummy variable for male travelers of the NL model (included in the sp car
alternative for car owners) yields a positive sign in the NL model, suggesting that the
preference of this group is towards the car during metro disruptions. Low income
travelers prefer, as expected, the bus; this holds for both car owners (0.555) and car non-
owners (0.490) in the NL model. Age was not found to be statistically significant in any
of the specifications of the NL model, possibly because age is frequently highly

correlated with income. Working schedule flexibility was included as dummy variable in
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the utility for car; the corresponding coefficient is negative and statistically significant in
the NL model, indicating that travelers with ‘fixed” schedules have a preference for car

during disruptions, possibly because of the need to be, dependably, on time at work.

Employment status is also analyzed for the bus alternative (alternative specific for car
owners and car non-owners), the car and the metro alternatives in the NL model.
Instead, business oriented travelers (in the NL model) are less likely to use the metro (-
1.118) during disruptions compared to the bus (-0.276) and car (-0.512). In other words,
business oriented travelers traveling during metro closures are more likely to use a taxi
rather than experience delays by traveling either on the disrupted metro network or on

the congested road network.

The MNL model based on RP data has a statistically non significant in-vehicle travel time
coefficient. This reflects the limited variation within the RP sample and the possible
collinearity between time and cost. The SP models provide a statistically significant travel
time (in-vehicle and out-of-vehicle travel time) coefficient. Using log likelihood values,

goodness of fit of the estimated NL model is high (0.637).

7.8  Concluding Remarks

Despite the general importance of subway operational disruptions, this phenomenon has
not been investigated thoroughly within existing literature. Very few comprehensive data
sets exist that address travel patterns during subway closures. This study presents an
effort at estimating alternative mode choice during metro network disruptions. This
paper combines information on actual traveler experience regarding network closures
with responses to a questionnaire regarding a hypothetical metro closure. An SP MNL
model, an RP-SP joint MNL model and an RP/SP joint Nested Logit model were
developed to analyze travel behaviors during a metro network closure and forecast
intentions for traveling by alternative modes during such events, and it has been shown
that in this application, the RP-SP joint Nested provides superior performance as it

incorporates common random components for the RP/SP attributes.

Transfer inconvenience and travel cost are important for travelers when making
decisions on mode selection during subway network closures. It appears that women are
less willing to travel by car during subway closures. Low income travelers are also found

to prefer travelling by bus during such closures.

166



CHAPTER SEVEN A JOINT RP-SP ANALYSIS

We find that the WTP’s for in-vehicle time and out-of-vehicle time are higher with joint
RP/SP Nested Logit than with joint RP/SP MNL model. Policies based on the MNL
model might be very different to those based on the Nested Logit model. For example, a
policy might over invest in travel time savings instead of investing on park and ride or
kiss and ride facilities, and local bus bridging services for the days of the subway
disruption so as to encourage the use of public transport for all travelers. It is a common
finding in the literature that estimations that control for unobserved heterogeneity find

different WTP’s than estimations that do not.

The main contribution of this study is the application of advanced econometric models
(nested logit) on a novel topic of metro disruptions for the evaluation of impact of
certain attributes like wait/walk, cost/transfer influence travel’s behavior during such
events. The results obtained from this study are realistic and we believe that they can be
used for decision-making related to transport network disruptions. In particular, our
analysis, suggests that improved schedule adherence of alternative transportation modes
during metro closures, improved information and amenities are among the most effective
ways that transport planners can use to reduce traffic congestion during metro closures.
In our opinion, researchers should consider whether the factors varying in experiments
impact the mean variance in utilities or impact only mean utilities. Practically, our
findings suggest that the variability with which travelers choose an alternative travel
mode during metro disruptions is not constant across individuals; this finding was

possible because of the use of combined RP/SP data.
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8. Conclusions and Suggestions for Future Research

8.1 Overview

In this chapter, the summary of the research is presented followed by specific research

contributions and future research recommendations.

8.1.1 Summary of Research

This research contributes to the state-of-the-art by analyzing the altered travel patterns of
metro passengers and the mobility behavior during and post-metro disruptions. This
analysis is of particular interest because Metro systems form the backbone of the
transportation system and every disruption, scheduled or not of the Metro system may
result in serious disruption of the entire transportation network and potential loss of
transport demand of the Metro system in the long-term. Despite the general importance
of this phenomenon, to date there is limited literature with the detailed analysis of the

altered travel patterns of metro passengers during and post metro network disruptions.

For this analysis travel data related to altered travel patterns during metro closures was
collected, for three categories of travelers: a) travelers who remain on the partly disrupted
network during the disruption and use the operating parts of the line, b) travelers who
during closure shift to alternatives modes, and return to the metro system after line’s
restoration, and c) travelers who adopt the alternative mode even after the line’s
restoration. Revealed and Stated Preference methods were used to capture users’
preferences regarding alternative ways of travel during a metro closure. The SP choice set
of the hypothetical available alternatives during a 24hr closure of the entire subway
network was generated based on orthogonal design and the attributes of the level-of-

service variables were based on the RP data collected.

Primary analysis of the RP data showed that travel conditions (in terms of travel time)
were worse for 50% of travelers during the closure. Similar percentage (40%) reported
encountering delays of up to 10 minutes. Only 10% of travelers reported that travel
conditions were better than usual, possibly at a higher cost. During the 5-month closure,
car use (either as driver or passenger) increased by 5%, taxi use increased by 8%, 43%
used the replacement bus services which run along the disrupted route, and 1% increased
their use of the suburban rail line which runs parallel with the disrupted part of the line at

much lower frequencies.
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In this study, a binary logit model was also developed to explore the impact of trip and
traveller characteristics on the “use of the partially disrupted Metro network during the
closure of Metro Line 1”. The analysis of the revealed preference data set yield that
travelers who travel post-disruption for longer than 20 minutes have a lower likelihood
of remaining on the Metro Line during the closure. Travelers who normally travel 60
minutes or more have a higher disutility for remaining on the disrupted network
compared to travelers who normally travel between 20 and 60 minutes. Interestingly,
travelers who make 2 or more transfers during the closure are twice as likely to remain
on the Metro network compared to those who make 1 transfer. Interestingly, students
have a higher probability of using Metro Line 1 during the disruption, probably due to
cost constraints and time flexibility. The value of time for travelers who make 1 and 2
transfers, for students and for travelers who travel longer than 60 mins is low and this
suggests that their disposal income is low and therefore it would have been interesting to

collect travel cost data, which was difficult at the time of the study.

Using econometric models (Multinomial Logit, Multinomial Probit and Heteroskedastic
Extreme Value Model) and appropriate elasticities based on Discrete Choice Theory,
statistical tests were performed and concluded in the statistically significant parameters
for each group of travelers and each model used based on the Stated Preference
experiment. The targeted population was only travellers who travel at least once per week
by subway. Analyses were undertaken separately for car owners and car non-owners.
Results indicated that travelers who are regular subway travelers and have therefore been
more affected by network disruptions, are less likely to shift to the car as a result of that
disruption. Interestingly, elasticities of car demand with regard to fuel consumption and
operating cost during subway closures appear higher compared to average short-run
elasticities and closer to average long-run elasticies reported in the literature. As expected,
public transport demand is less sensitive to cost changes (elasticity of -0.2) during a
subway closure, while car demand is much more sensitive to a potential change in gas
price. As expected, public transport demand is less sensitive to cost changes (elasticity of
-0.2) during a subway closure, while car demand is much more sensitive to a potential

change in fuel price and operating cost.

Younger travelers (age <35 years) are more willing to change their travel patterns. Results
also indicate that the possibility of working in a flexible manner is important for some

travelers and has to be considered in future closures by the transport operators and
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policy makers. It is remarkable that 16% of the respondents canceled their programmed
activity due to a Metro closure and only 1% postponed it their activity. A significant
share of travellers (33%) chose the car option during the Metro disruptions, while a 14%
travelled by taxi. Value of travel time during disruptions is calculated highly variable
between car-owners and car non-owners with the former been much higher than the
latter (10.8 euros/hr versus 7.8 euros/hour). Elasticities of various level-of-service
variables associated to the travelling modes in the SP choice during a subway disruption
were determined for each alternative mode. The mean in-vehicle travel time elasticity for
bus users is found to be -0.9, for car-owners during a subway closure, while for car non-

ownets is -0.5.

In addition to separately analysing the collected RP and SP data and to strengthen both
data sources while discarding the weakness displayed by each, a combined SP-RP analysis
was included in this dissertation. The inclusion of socio-demographic characteristics and
the exposure of each traveller to different combination of values is a effective technique
for expressing complex travel behavior. For this joint analysis a Nested Logit is used that
allows partial relaxation of the assumption of independence among random components.
Based on the estimated results, the basic assumption that travelers choices during subway
disruptions are related to actual current and past choices is confirmed in the NL Joint
RP-SP analysis as well. Among the 4 different models that were estimated at this stage (1
separate for RP data including assumptions on travel costs for the non-chosen
alternatives, 1 for SP data and car owners, 1 for SP data and car non-owners, and 1 joint
RP-SP Nested Logit, the Nested Logit was found to be the most appropriate and
representative model. Most of the estimated coefficients were found to be statistically
significant and stable with all level-of-service variables having negative signs. As expected
the cost of travel was found to be the most influential attribute among level-of-service
variables, with transfer inconvenience being the second most influential attribute in
mode choice during subway disruptions. Waiting time at bus stations or taxi depots,
parking-search time and in-vehicle time were found to equally influence the mode choice

for work trips during subway disruptions.

In conclusion, the modelling process, used in this research and are obtained from the
logit, probit and hev estimations can be effectively used by transport planners in

evaluating and prioritising future closures in metro networks.
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8.2 Research Contribution

Academically, the research herein explores a topic which has received little attention,
most researchers have focused on empirical analysis of the impacts of Metro disruptions
on travel patterns. The data collection are unique, in that it is the first time travel data
regarding affected travelers are collected following the restoration of a Metro line, which
service was temporarily disrupted for upgrading and compared to travel mode habits
before the closure. By applying advanced econometric models on a novel topic of metro
distuptions for the evaluation of impact of certain attributes like wait/walk, cost/transfer
influence travel’s behavior during such events, comparisons are made across different

types of models which relax the ITA assumption.

While recognizing that this analysis suffers from biases and limitations, the major

research contributions of the study are as follows:

I.  An extensive RP survey was conducted along the disrupted Metro corridors to
study the changes in travel patterns as a result of a planned 5-month closure of
the metro network for upgrade works. This is the first time travel data regarding
affected travelers are collected following the restoration of a Metro line, which
service was temporarily disrupted for upgrading and compared to travel mode
habits before the closure. A Binomial Logit model was calibrated using the

collected RP data.

II. A uniquely design stated preference web-survey was designed to investigate
alternative mode choices of Subway users for the period following a disruption,
recording potential experiences with such events. We use information on
previous traveler experience regarding network closures in combination with
responses to a programmed subway closure where individuals are presented with
a large set of options regarding mode used, travel time, travel cost, and number
of transfers. We use information on previous traveler experience regarding
network closures in combination with responses to a programmed subway
closure where individuals are presented with a large set of options regarding
mode used, travel time, travel cost, and number of transfers. However, since
web-surveys suffer from a number of biases, a further investigation of this data
collection method is useful in assessing the advantages and disadvantages for the

collection.
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I11.

IV.

The disaggregate behavioral model for mode choice has been formulated in such
a manner as to explain better than other types of models travel behavior during

Metro disruptions.

Advanced model structures (MNL, MNP, HEV) were estimated to provide
additional insight into the behavioral choices being made during Metro
disruptions. We begin with the variables: in-vehicle time, out-of-vehicle travel
time, travel cost and transfer inconvenience. We then develop more
comprehensive models which include socio-demographic variables, and other
trip-related characteristics, by designing and conducting an internet-based SP
survey to analyze travel patterns during a hypothetical 24hr Metro closure. This
was combined with the collection of real data regarding actual changes in travel
patterns due to planned or unplanned closure of Metro network. The alternatives
considered during the Metro disruption were car, bus and taxi. This model
explicitly addressed the systematic taste heterogeneity of the people by the
introduction of dummy variables like, gender dummy, trip purpose dummy, high
and low income dummy, frequency of subway use dummy, usual travel time
dummy, and flexible working hours dummy. The SP survey calculated the effects
of changes in travel prices, travel time and transfer inconvenience on metro

travelers during Metro disruptions.

The research formulates different models for different population segments in an

effort to reduce the errors in the aggregation process

Considering the above, the results of our joint RP/SP questionnaire can shed
light on traveler experiences during a closure and on the strategies people adopt
when experiencing a disruption. This study is intended to provide a reasonable
starting point for travel demand 4-stage modeling in specific situations of subway
closures, by analyzing travelers altered behavior during closure and quantifying
the effect of the closure on lost activities, cancelled trips and changes in demand
for private and public transport. Models similar to the ones developed here can
prove valuable when planning the delivery of subway upgrades and alternative
transport options when lines are closed. Municipalities and transit authorities

should learn from past experience and provide options (telework, carpooling, free
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VIIL.

VIII.

8.3

or discounted transit passes, etc) and have contingency plans to make traffic

smoother for commuters, based on results presented.

The travel behavior forecasts, under the hypothetical 24h closure of Metro
network, can be utilized in assessing the feasibility of upgrading/restorating

networks without significantly affecting the usual routes of millions of travelers.

From practical point of view, these models are likely to provide better ridership

predictions for future closures and help in prioritizing the closures.

Future Research

The results support the necessity of combining RP and SP data if possible because of the

fact that people tend to overstate their value of time when asked to state their choice in a

hypothetical scenario.

The following recommendations can be taken into consideration to increase the validity

of this research:

L.

II.

III.

IV.

In this study the parameters of the mode choice model have been estimated
sequentially. However, it is possible to better enhance the model by adding
parameters in the SP survey like previous information on the disruption,
possibility of cancelling the scheduled activity, possibility of postponing the start
of the scheduled activity or even relocating for the period of the disruption.

In the present study, we collected RP data a few days after the restoration of the
Metro service without having the opportunity of recollecting the same data a few
months following the restoration to compare travel patterns. The collection of
such data may shed light on the duration of this mode shift from public transport
to car and taxi.

More advanced model structures (nested logit, cross nested, mixed logit) models
can be estimated to better capture the traveler patterns during a Metro disruption.
A 4-step model can be developed by incorporating trip generation, trip
distribution and trip assignment steps of the 4-step model with the mode choice
model to better forecast the mode shift on existing or shuttle services during a
Metro disruption.

In this research, people’s WTP has been calculated based only for travel time,

WTP for other attributes like comfort, safety, cycling facilities, cleaniness of the
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vehicles, etc can be calculated by the design of more robust SP survey. Also SP
survey was based on travel times as experienced from the RP survey without
personalizing choice scenarios to respondents as it was difficult to recall the exact
travel time due to the large number of strikes within the last month of the period
when the survey was conducted. Hence we propose computer based adaptive
surveys to present to respondents.

VI.  Longer-term changes in passenger behavior (such as the relocation of homes or

offices) were outside the scope of this work.

Future suggestions and recommendation

We propose for future researchers to include the factor of working schedule and first
define the term as it is believed that some people are not familiar with this idea. Maybe
split the flexibility in groups of time i.e. flexibility of arriving late at work between 0-15
minutes, 15-30 minutes, 30-60 minutes, >60 minutes. This is considered a critical

question and special consideration should be considered for final conclusions.

To assist transit operators dealing with unexpected or programmed closures without
interrupting travelers’ usual route, we propose the implementation of a telework project

in coordination with employers.

In future research we could give the travelers the option in the SP experiment of

2 <«
b

“avoiding the rush-hours”, “adjusting their schedule for family needs”,

It should be noted that the public sector in Greece has a quite strict start time. Therefore
while this variable may not be of significance for some employees in Greece, however it

may be of significance for employees working under a flextime policy.

We propose conducting the survey including employees working under a flex time policy
and employees working under a more strict start time policy. In this way, we can reduce
any bias related to respondents who have not clearly understood the concept of flexible

work schedule.

It is also important to include in the survey factors that may affect mode choice each

travelers family activities, obligations and arrangements.

Among the questions that arise concerning the linkage of research to policy applications

are the follow:

174



CHAPTER EIGHT CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH

To what extent do different types of disruptions require different policy measures?

How much do we need to know about metro travelers’ altered travel patterns in order to
design effective policies? We list a few measures to minimize any social and
environmental harm due to metro disruptions. The depth of the economic and financial
crisis, requires immediate actions to be taken and reinforces the need for national co-
operation between the government and transport operators so as to respond to the short
term or long term effects of the disruptions especially during this difficult era of
economic crisis. It is obvious that transport systems need to be reliable and sustainable in

all times. In this regard, we propose the following:

* Politicians and transport operators should reconsider the transit fare policies,

especially during metro network disruptions

®= They should promote discounted tickets for public transit in the event of
disruptions. In the days of disruptions, travelers argue with the transport
operators regarding the lost fees of purchased travel cards. To deal with this we
propose introducing rolling fare passes to compensate travelers for the lost days
and avoid future loss in demand and revenue due to disappointment of the
travelers. Note that in our case study regarding the 5-month partial closure of the
metro network, the transport operators only provided free travel with a feeder bus
line and allowed travelers with metro travel cards to travel on public transport for
free. However, this policy was never put in place during an unexpected closure of

the network or even during scheduled personnel strikes.

* They should simplify the fare ticketing collection and technology system so that in
the event of a sudden disruption in the middle of the day, travelers can buy their

tickets throught their smartphones or credit their card via phone.

® They should focus on applying effective marketing techniques which affect

people’s perception of transit system

* They should provide better information to travelers in the event of a disruption

and provide them with alternative options.

* Provide also better integration of bus/metro system with Intelligent Transport
System (ITS) technologies either via mobile/smartphones so that travelers can

have better information regarding a potential closure of the metro line.
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= The financial crisis has resulted in significant losses of income, thus making it
difficult for low income users to afford traveling even by public transport. In this
case, public transport operators should promote greater equity among different

transportation user groups.

= Scientists should explore transition paths to promote sustainable transport during
metro disruptions. They should also look at long-term measures and set long-term
vital goals and key performance indicators so as to protect their companies from

future loss in demand due to unreliability of the system network.

Unfortunately Europe is facing a very challenging era during the longest financial crisis
after a decade of continuous economic growth and favorable quality of life. This
continuous change/decrease in income levels should be taken setiously in minds as a
unique opportunity of rearranging our way of thinking, and rethink our mobility
behavior, through promoting sustainable ways of transport. Let’s hope that we might see
economic growth in the transport sector. What scientists were not able to do, crisis did it:
take cars off the streets. This might be the answer. Sometimes through these situations,
“push” policies can be taken on board; like promoting sustainable transport and forcing
people to find more conventional and economic ways of travel to their destination even

during a metro disruption.
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APPENDIX A

Appendix A-Travel Diary Survey-Greek
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Appendix B-Online Personal Survey and Stated Choice Experiment-Greek
As distributed to survey participants (The questionnaire was build on a web-based platform)
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A3.

A4.

AS.
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A6.  Tlowog givar 0 HEGOC GLVOMKOC XPOVOG LUOG TUTIKNG KoONUeptvig dtadpopns (.. omd To omitt 6T 00VAELR); ATOVTIOTE LOVO YU
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AS. [16GEeC POPEC YPMOULOTOCUTE TIG TEAEVTOIEG OEKO NUEPES Y1 TN HETOKIVNON oag (Tpog pia katevbuvon) éva péco otabepng TPoyLiC;
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Al2.

Al3.
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2"evaANaKTIKY
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Al16. Ilow evodhaxTikn ek emAEEATE;
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Al18. Ag vmobécovpe 0Tl BEAETE VO TPOYLOTOTOMGETE Ui LETAKIVIOT, O0ALL AOY® TPOYPOUUOTIGUEVIG amepyiag TV epyalopévav
oto péco otabepng TPoyldG TPEmEL Vo EMAEEETE U0L EVOALOKTIKY dtadpopr|. Ag vmoBécovpe 0Tl €xete va emiélete petald 1.X.,

Aewgopeiov kot ta&l. Ilowo péco Ba emAéyote oe kGbBe €va amd to vmoBeTikd oevdplo mov mopatiBevior mapokdtw; (EALQ
IMAPATIOENTAI 9 YIIOGETIKA XENAPIA)
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A27.

A28.
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A29. Mnviaio kaBapd atopkd 166
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A31. Avepydleote éxete VEMKTO ®PAPLO EPYOTING;

NAI

OXI
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