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“The story so far: In the beginning the Universe was created. This has made a lot of
people very angry and been widely regarded as a bad move”

-Douglas Adams, The hitchhiker's guide to the galaxy






“Philosophers have hitherto only interpreted the world in various ways; the point is to
change it.”

-Karl Marx, Eleven Theses on Feuerbach
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Abstract

Climate change is one of the most prominent concerns for the future of humanity in
the 21%t century. The presence of humanity in the planet may be viewed as
precarious, especially when considering the adverse effects of human activity and
development. The current scenario predictions for year 2100 is a 4°C temperature
growth. A 4 degree change has not happened in the global climate since 20.000 BC.
Growing emissions from the use of fossil fuels negatively affects a series of
environmental factors and is affects human life from every-day quality of life to long-
term health effects, macroeconomic change, movement in human population, social
equity and of course, the quality of the environement and life as a whole. A major
contributor of these emissions is the transportation sector. For this reason, a
multitude of international and national organizations have proposed an answer to
the growing emissions, which can be grouped under the term sustainable or “green”
transportation.

This thesis explores the notion of green, sustainable transportation in depth. The
thesis creates an innovative framework for the analysis of decision-making process
in transport and activity related matters and it designs and crafts an interactive policy
assesment tool that is based on econometric modelling. The econometric modelling
is done in three different tiers, the everyday rhythms tier, that is concerned with the
everyday activity and transport choices of individuals and how their lifestyle can
affect these choices, the light infrastructure tier that explores the effect of active
transport friendly interventions in the transport system via measurable key
performance indicators and the future fleet purchase tier that provides insight into
the future fleet mixture and the effect it will have on the emissions and fuel cost.
The daily rhtyhms tier includes the effect of lifestyle by comparing the sample from
collected data in Chios island to a database from Athens, Greece. This comparison
effectively demostrates the heterogeneity of the two areas, the differences in spatial
and temporal choices and the effect that lifestyle has on them. Policy-wise it presents
justification for tailor-made, location-based solutions and careful consideration of
norms, rhythms and lifestyle choices of the study area when applying policy bundles.
The chapter discussing the effect of active transport promoting measures uses a
simulation of the study area to measure the effect of the creation of bike lanes and

the pedestrianization of certain links in the study area. The analysis provides
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measurable outcome through the usage of various KPls, such as passenger
kilometers, share of active transport, daily accidents and traffic levels.

The third analysis tier is concerned with future fleet purchase. It utilizes a menu-
based, build-your-own, experiment approach allowing survey respondents to create
their ideal vehicle using various attributes (including alternative fuel and automation
level) while presenting a reasonable pricing to them. The analysis is conducted using
a hybrid choice model, with latent variables aiming to reduce uncertainty and errors
in the decrypting of the decision-making process.

The thesis also provides insight into the creation, design and implementation of the
policy platform tool. The tool is interactive in the sense that the user can control
various variables and view the output, comparing the different policy measures and
scenarios. It is coded in R and developed as a webpage, in a user-friendly user
interface that does not require special understanding to operate.

The thesis uses a sample of 1288, roughly 2% of the population of individuals from
the island of Chios, Greece. The data collection is realized through a series of
electronic questionnaires including a household and an individual questionnaire, a
stated-preference experiment, an activity diary and accompanied by GPS devices to
assist the activity diary.

The contribution of the thesis can be found on several topics. First, the thesis
explores the notion of sustainable transport and the human behavior that is related
to it using a multi-tier analysis that spans from every-day life of individuals to future,
long-term decisions. Secondly, it uses a series of analytical tools to answer the
research questions, innovative econometric models, transport simulation and a in-
house developed interactive decision-making tool. It is a spherical exploration of the
available analytical tools, each of which used provides the specific insight for which
it was used. Additionally, the case study that is conducted in an insular, island area
provides insight into the behavior, choices and particularities of an area that smaller
scale, smoother interventions may be more succesful than abrupt, sudden changes.
The lifestyle of the study area plays a significant role in the conducted analysis.
Findings from this analysis contribute to the transferability of models. Finally, the
thesis provides useful insight into various policy measures that should be considered
for changing the human behavior, attracting more citizens to using sustainable
means of transport and improving the stanard of living while minimizing the external

cost of transportation.
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MepiAnyn oTa eANAnvika

H kAipaTiky aAAayn) gival gia ano TIG ONPAvTIKOTEPEG AVNOUXIEG YIa TO PEANOV TNG
avBpwndTnTag Tov 210 aiwva. Akdua kal n napoudia Tng avBpwndTnTag oToV
nAavATn pnopei va BewpnBei enopalng, €1dika oTav eEeTdocoupe oe Pabog Tn
duopevr) enidpaon Tng avBpwnivng dpacTnEIoTNTAG KAl TNG avanTuéng oOTo
nepifalov. Or npofAeweig Tou TpExovTog oevapiou yia To €tog 2100 avagpépouv
auénon Tng Beppokpaaciag kata 4 ° C. TeTtoiag Tagng alayn dev exel cupfei oTo
naykoopio kAipa ano to 20.000 n.X. O au§avopeveg eknopneg and Tn XPnNon
OPUKTWV KAUCTipwv ennpealouv apvnTiKA pia ogipd NepIBarNOVTIKGV NApayovTwy
kar ennpealouv Tnv avBpoonivn Cwr): ano Tnv noidTnTa (wng £wg pakponpodBeopeg
ENINTWOEIG OTNV UYEIQ, PAKPOOIKOVOUIKEG WETAPOAEG, peTakivnon avBpwnivaov
nAnBuopwyv (Npoopuyeg KAIPATIKAG GANAYNG), TNV KoIvwvikh Sikaloouvn Kal
BePaiwg Tnv noidéTnTa Tou nepifdAiovtog kai TnG (wng wg ouvolou. O Topeag Twv
METAMOPWY CUVTEIVEI ONUAVTIKA OTIG €knopneg agpiwv. Na To Adyo auTo, pia
nAnBwpa diebveov Kal eBVIKWVY 0pPYaAVOEWY OPYAVWVOUV TIG «AMAVTHOEIG» OTIG
au&aVOPEVEG QUTEG EKMOUNEG, Ol OMOIEG PNoPOoUV va opadonoinBolv KaTw anod Tov
0PO «PILTIPEGH 1 «MPACIVEGH HETAPOPEG.

H epyaoia autr digpeuva Tnv €vvola TnG npacivng, Piwoipung peTtagpopdg os Babog.
H diatpifry dnuioupyei éva kaivoToépo nAaiolo yia Tnv avaluon Tng diadikaaciag
AWNG anopAacewy og BEpaTa PeETAPOPWY Kal dpaoTnploThTwy Kal oxedialel Kal
kaTaokeudlel eva d1adpaoTikd gpyaleio afiohoynong nolimikng nou PRaacileTal
OTNV OIKOVOUETPIKN povTeAonoinon. H oIkovopeTpIkn povTelonoinon yiveTal og
TpeIG dlapopeTikeg Pabuideg. To kaBnuepivo eninedo pubudyv, nou aocxoAsiTal pe
TNV KaBnuepIvr) dpaoTNPIOTNTA KAl TIG YETAPOPIKEG ENAOYEG TWV ATOPWYV KAl TOV
TPOMO e TOV 0Mnoio o TPonog (wrg TOUG HNOPE] va eNNPEACEl AUTEG TIG EMAOYEG.
To deuTepo eninedo efetalel peTpa «eAAPPV» UNodopwv (NodnAaToddpopol,
neCodpopNoEIG) Kal dIEPEUVA TO ANOTEAECHPA Twv NAapepfdocswy oTO CcUCTNUA
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METAPOPWYV HECW HETPNOINWY Bacikwy deIKTwV anddoong Kal Npooopoiwong. To
TpiTo eninedo €&etdalel TNV PEANOVTIKA ayopd OXNHATOG, EIDIKOTEPA OXNUATWY HE
EVAANOKTIKG KQUOIYA KAl QUTOVOUWY OXNHUATWY KAl NApeEXEl NANPOPOPIES YIa TO
MEAMOVTIKO peiypa oTOAOU Kal To anoTeéleopa nou Ba exel OTIG EKNOPNEG KAl TO
KOOTOG KAUCIHV.

To eninedo puBudv nephapaver Tnv enidpaon Tou TpodNou (wr\g, CUYKPIVOVTAG TO
deiypa anod Ta dedopeva nou cuAAEXBnkav oTn Xio pe pia faon dedopgveov anod Tnv
ABrva. Aut n ouykpion OsiXvel AMOTEAEOHATIKA TNV ETEPOYEVEID TwV OUO
nepPIOXwV, TIG DIAPOPEG OTIG XWPIKEG KAl XPOVIKEG ENINOYEG KAl TNV €nidpacn nou
gxel o Tponog Cwng o auTég. Ano nolimikr) anoywn napouacialel aimioAdynon yia
e&eldikeupeveg AUoeig Baoel TonoBeoiag Kal NPOCEKTIKNA €EETACN TWV KAVOVWY, TWV
puBuwv kal Twv enmioywv Tou Tponou (wng oTnV NePIOXr UEAETNG KATA TNV
EPAPHOYN TWV OECUWV NONITIKAG KAl HETPWV.

To kepdAaio nou e&eTalel TNV €Nidpacn TwV HETPWV NPOowBNONG TNG EVEPYNTIKAG
METAKIVNONG XPNOIMOMNOIEI YId NPOCOP0IwoN TNG NEPIOXNG HEAETNG VIO va PHETPNOEI
TO anoTeAeopa TNG dnpioupyiag nodnAatodpopwy kal neodPOourOEwWY OPITHEVV
OUVOEOHWY OTNV neploxrn MEAETNG. H avdluon napexel yeTprioiya anoteAecpaTta
MECW TNG XPNong diapodpwy deikTwv anddoong (KPIs), onwg enmiaTtoxiAiopeTpa,
MEPIDIO EVEPYWV HETAPOPWY, KABNUEPIVG ATUXHATA KAl POWV KUKAOPpOPIAG.

To TpiTo eninedo avaAuong a@opad TNV HEANOVTIKY) ayopd oTOAoU. XpNOIYONOIEl pia
NPOOCEYYION ME NeipapaTa dednAwpevng NPOTIUNONG, N onoia enITPENEl OTOUG
£PWTNBEVTEG va dnuIoUPYOUV TO IDAVIKO TOUG OXNHA XPNOIKMOMNOIWMVTAG dIApopd
XAPAKTNPIOTIKA (cupnepiAapfavopévou Tou eVaAAAKTIKOU KAUGIPJOU Kal TOu
eNINESOU AUTOPATIOHOU), evad NapaAnia napouacialouv pia Aoyikr) TIHOAOynon oe
auTta. H avaAluon die§ayeTal xpnoigonoiwvTag eva povreho uPBpidikAg emioyng

(hybrid choice model), pe AavBavouoeg peTaPAnTeg Nnou anookonouv and Tn pia
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oTnv digpelivnon TnG eNidPacng TwV OTACEWV KAl TwV AVTIANWewv oTn diadikaoia
AWng anogaong kal and Tnv AAAn oTtn peiwon Tng aPePaidtnTag kar Twv
OQAAPATWY KATA TNV govTeonoinon.

H Siatpifr)y napexer eniong napouaoialel Tn dnuioupyia, To OxedIACOPO KAl TNV
uAonoinon Tou gepyaleiou NAATPOpUag NoNITIKAG. To epyaleio eival 81adpaoTikd pe
TNV €vvoia OTI 0 XPNOTNG pnopsei va gley&el didpopeg peTaPAnTeg kal va dei Ta
anoTeAeéopaTa, OUuyKpivovTag Ta Oidpopa PETPA MONTIKNG kal osvapia. Eivai
Kwdlkonoinuevo os R kar avanTuooeTal wg pia 1I0TOoENIdQ, Pe pIa PIAIKA NPOG TO
xpnoTn dienagr) nou dev anaiTei eIDIKEG YVWOEIG YIA VA AEITOUPYAOEL.

H SiaTpin xpnoiponoiei deiypa 1288 atopwy, nepinou To 2% Tou nAnBuopou Tng
Xiou. H ouM\oyry oToixgiwv NpaypaTonoIeiTAl HECW MIAG OEIPAG NAEKTPOVIKGWV
EPWTNUATOAOYiwV nNou neplAapfavouv  €va  OIKOYEVEIQKO KAl ATOMIKO
EQPWTNUATOAOYIO, €va neipapa  OnAwpEVNG MNEOTIPNONG, €va  NUEPOAOYIO
dpaoTNPIOTATWY Kal ouvodeueTal ano cuokeueg GPS yia va unooTnpifouv T0
NUEPOAOYIO DPACTNPIOTATWV.

H oupolr Tng diaTpiPrg evronieTal og noA\d onpeia. MNpwTov, n epyacia e§eTalel
TNV &vvola TwVv BIMOIYWY PETAPOPWY KAl TG avBpwnivng cupunepipopAag nou
oxeTiCeTaI Je AUTNAV XPNOIPNOMNOIWVTAG MIa NOAUENiNEdN avaAAuoT NoOU EKTEIVETAI ANO
TNV KaBnpepivr (wn TwV ATOPWV WG TIG HEANOVTIKEG, HaKpOoNPOBeoueg ano@Acelg.
AeUTEPOV, XPNOIPOMNOIE PIa OLIPA AVAAUTIKWY €PYAAEiwV yia va anavThoel OTa
EPEUVNTIKA EPWTANATA: KAIVOTOUA OIKOVOUETPIKA HPOVTEAD, MPOCOUOIWON TwWV
METAPOPOV Kal dnuioupyei éva gpyaleio dIadpaaoTIknG uNooTPIENG TNG ANWNG
anogpacewyv nou avantuxBnke e§ohokAfpou oTa nAaicia TnG dIaTPIPrG. ANOTEAE
pia ogalpikr) eEgpeuvnon kal €nideiEn Twv dIaBEoIpwy avaluTIKwV gpyaleiwv.
EmnAgov, n peAeTn nepinTwong nou dieEAYETAI O PIA VNOIWTIK NEPIOXN NAPEXEI

MIa €IKOVA YIA TN CUPMNEPIPOPA, TIG EMAOYEG KAl TIG IDIAITEPOTNTEG MIAG NEPIOXNAG
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nou N PIKPOTEPN KAIHAKQA, Ol OUAAOTEPEG eNeUPACEIG UNOPEI va gival MO EMNITUXEIG
anod TIg anoTopeg, Sagvikeég alayeg. O Tponog (wNG TnNG NePIOXNG MEAETNG
diadpapaTiel onuavTikd polo otn dieEaxBeica avaiuon. Ta euprjpata and Tnv
avaluon auTr) cupfarlouv oTn duVATOTNTA PETAPOPAG TWV HOVTEAWVY O AAAEG
nepIoxXeg Kal KAipakeg. TENoG, n diaTpIPr) NapeEXel XPNOINEG NANPOPOPIES YIa Ta
METPA NONITIKNG Nou npénel va AngBouv undyn yia Tnv aAayr) Tng avBpdnivng
OUMNEPIPOPAG, TNV NPOCEAKUCN MEPIOTOTEPWV MOANITWY OTNn XPNon aeipopwv
MECWV PETAPOPAG Kal Tn PeATicoon Tou PloTikoU eningdou, €AaxIOTONOIWVTAG

NAapAAANAQ To eEWTEPIKO KOOTOG TWV PHETAPOPWV.
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Chapter 1: Introduction

For anyone concerned with modern societies, the impact of human economic activ-
ities has on the environment is an issue that he or she will inevitably encounter. This
impact has serious negative effects and is perceived differently by various agents
and stakeholders. These effects range from decreased life quality to uncertain global
climatic futures. Peter Frase, in his book “Four Futures” states: “Two specters are
haunting Earth in the twenty-first century: the specters of ecological catastrophe and
automation... Human carbon emissions are warming the atmosphere, leading to
hotter temperatures, extreme weather, and shortages of water and other essential
resources. Differences of opinion chiefly concern how serious the effects will be, how
disruptive they will be to human civilization, and how (or whether) it will be possible
to adjust to those disruptions.” (Frase, 2016)

A significant contributor to these emissions and the only industry sector whose emis-
sions are growing is transportation. The transport sector is responsible for 23% of
total energy-related CO; emissions as of 2010; without focused and bold mitigation
measures this number could reach 12 gigatons of emissions per year by 2050.
According to the Intergovernmental Panel on Climate Change (IPCC, 2013):
“Avoided journeys and modal shifts due to behavioral change, uptake of improved
vehicle and engine performance technologies, low-carbon fuels, investments in
related infrastructure, and changes in the built environment, together offer high
mitigation potential.”

The research presented in this thesis is concerned with the evaluation of green
transport policies. The thesis attempts to address the issues involved in measuring
travelers’ choices within a specific economic and social environment; simulate pre-
sent and future transport scenarios; and assess a bundle of green policies based on
a series of key parameters and indicators. The thesis presents an innovative frame-
work for the analysis of decision-making processes with respect to activities and
transport, and develops an interactive policy assessment tool based on econometric

and simulation models. The modeling is done in three different tiers: 1. the everyday
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rhythms tier, representing the daily activity and transport choices of individuals and
how their lifestyle can affect those choices; 2. the light infrastructure tier which
explores the effect of active transport friendly interventions in the transport system
via measurable key performance indicators; and 3. the future fleet purchase tier
which provides insight into the future fleet mixture and its effect on emissions and
fuel costs.

This initial chapter presents the motivation for the research, the thesis objectives,

and structure, the basic definitions and contributions.

1.1 Motivation

Motivation for this thesis comes from three factors, two concerning sustainable pol-
icy and one concerning the omnipresence of useful data in contemporary society.
The first factor is closely related to the major issue of environmental instability caused
by human activities and more precisely the transportation industry. Green transport
is a proposed answer to some of the problems, but is it the cure? What is a solid
definition of green transport and which are the barriers between making unsustain-
able personal transport choices and on the other hand acting irresponsibly towards
the environment while being an international corporation or a country’s govern-
ment? This research examines the first one: people’s choices based on their behav-
ior and the social and economic environment they live in. The second factor of mo-
tivation is exactly the effect social and economic factors have on people’s everyday
activity choices, beliefs, and perceptions that may change or remain solid in a chang-
ing environment and the people’s real perception and weight on green transport.
The third, independent, factor is the new concepts, tools, and techniques in data
collection process, many of which have come to address existent problems such as
low response rates and large cost in surveys, while providing an immense pool of
useful data that will reshape the way decisions are modelled and the way economet-

rics, simulation and other decision-support tools work.
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1.1.1 Green transport as an answer to the impact of

transportation on the environment

Green transport means sustainable transport and it is a part of the broader sustaina-
ble development idea. The term sustainable development was first defined in “Our
common future” UN Commission on Environment and Development which was
published in 1987. The definition is: ‘Sustainable development is development that
meets the needs of the present without compromising the ability of future genera-
tions to meet their own needs’ (UN Commission on Environment and Development,
1987). However, there is not yet a clear universally accepted definition of green
transport. (Castillo and Pitfield, 2010).

Transport accounts for 26% of global CO2 emissions, being one of the few fields that
these emissions are still growing. There is a fundamental difference between the re-
searchers that view sustainable development and transport as an alternative path to
economic growth (Amekudzi et al., 2009) and those who support a rather radical
criticism on development itself (Bianco et al., 1977). The conception these two ap-
proaches have in common is the strong critique of the consequences of transporta-
tion has on the environment and the inconsistency of the present and past policies
with the ideas of intergenerational equity (accessibility, social equity, transport ex-
ternalities) and intergenerational equity (handing over a healthy habitat for the next
generations). There is almost universal agreement between researchers that, even
in the worst-case scenarios, the earth will not become inhabitable. The main ques-
tion is not whether we will survive climate change but rather who will survive it.

To prevent the dilution of the topic’s consistency, one should prioritize the key as-
pects of the perceived dimensions of green transport. An initial scale could be based
on the UN report (UN Commission on Environment and Development, 1987) which
presents four main dimensions: safeguarding long-term ecological sustainability,
satisfying basic human needs, and promoting intra- and intergenerational equity.
These can act as pillars, not with a strict hierarchy between them but with the ac-
ceptance that the absence of any of them in a green transport definition would even-
tually lead to errors or misconceptions about the true meaning of the term.

In this frame, the present thesis will not address and try to evaluate green policies
that lead or support economic growth. It will rather try to measure and quantify the
effect that a changing economic environment has on these policies, and on the

people’s perception of the ideas, policies, and measures that support green
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transport. The argument for this is that the contemporary economic crisis poses a
threatto certain green policy measures, either physical policies such as infrastructure
development or increase in the use of public transport, or economic measures such
as tax policies. This fact creates an opportunity window for the “soft” policies cate-
gory (Santos et al., 2010) which may include car sharing, teleworking and education

concentrated on behavioral change.

1.1.2 People’s behavior, choices, and perceptions to-

wards green transport

Urban mobility has been a topic of major discussion and debate for policymakers,
stakeholders, and citizens for decades. The growing popular belief that we should
actto protect the environment, supported by the scientific evidence of morbid future
scenarios, has pushed policymakers to act and to propose measures of green policy
that vary from education to strict economic measures.

The contemporary global economic crisis, which leads to international fiscal austerity
has put the strict economic measures, at least for the passengers, temporary out of
the frame. It has also made more difficult the transition to a market of hybrid or elec-
tric vehicles. One could regard these policies or modes of transport not as tempo-
rarily inactive but rather as wishful thinking for the time being. This argument can
lead to researching and analyzing another aspect of travel behavior, the role that
social reality, personal choices and opinions, contemporary lifestyle and perceived
dimensions of transport play. Steg, (Steg, 2005) has developed a framework for the
“Instrumental, symbolic and affective motives for car use.” Of course, not everything
in the previous sentence links to economic factors which are an indicator that social
norms, lifestyle, and symbols outrank income or economic factors, which otherwise
is a main governing factor of the society. It also gives a hint towards to which direc-
tion one should turn, affect and positively change travel behavior by understanding,
educating and finally shifting views and perceptions.

People’s involvement in the evaluation or the proposal of green policies is positive.
Not only new policies require public support in order to be at least marginal
successful, but also studies have shown that public involvement, either public
consultations including experts (reference to public consultation paper) or the
public itself (Xenias and Whitmarsh, 2013) has shown that the public may not fully

accept policies designed by an expert committee. Subsequently, early public
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involvement may be necessary for later acceptance but also for the location of
problems and the evaluation of solutions.

Individual decision-making analysis, especially when concerned with discrete
choices, has been associated with the usage of specific econometric models.
Discrete choice models have been associated with this kind of analysis for many
decades, especially in the transportation field. Daniel McFadden, who was awarded
the Nobel Memorial Prize in Economic Sciences in 2000 for his work in the field,
presents a 30-year review of the evolution of discrete choice modelling (McFadden,
2001) and the usage of random utility models (RUMs). The quintessence of random
utility models is the concept that all economic agents act in a rational manner to
ensure maximum utility is gained through their decisions. This may not be the
general case, as a series of authors have pointed-out, and agents’ decisions may vary
“systematically or idiosyncatically”. Hess and Daly (Hess et al., 2018), provide an
extensive and thorough review of the RUMs properties, its paradigm and various
anomalies and a review of the methodology used to overcome anomalies and
incosistensies of RUM.

In this context, scientific tools have been developed to stress the role of psycholog-
ical and behavioral factors in the decision-making process. McFadden, (McFadden,
1999) locates attitudes, affects, motives as the indicators of preferences. Information
and preferences build the individual perceptions and beliefs which in order react
with the process of decision making. While Random Utility Theory has been criticized
for violating rationality, new models such as the Hybrid Choice Model (Ben-Akiva et
al., 2002) which combines the theory of Random Utility with latent variables which
can add the interpretation of unobserved (latent) psychological or behavioral char-
acteristics which are, otherwise, regarded as an error or random variance. Latent var-
iables range from happiness (Abou-Zeid and Ben-Akiva, 2011) and travel well-being
to perceived safety (Kamargianni and Polydoropoulou, 2014). There is an ongoing
academic debate in the transport community about the usefulness of such modelling
frameworks and the inclusion of latent variables in them (Chorus and Kroesen, 2014;
Vij and Walker, 2016).

Apart from the effect of personality and individual decisions, transport related deci-
sions are made in the context of the economic and political environment of the 215
century and de-facto have socially inherited traits of individualism, egotism and in-
difference for the effects of one’s actions towards the society. Measurement of social
altruism, the growing sense of community in various geographical and social areas

and technological advances lead to new mobility types, innovative business models
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that the ever-changing social, economic and political landscape may harvestin order
to reach environmental, social-equity or systems optimization goals.

Examples of the new mobility types and business models include the introduction of
the “sharing economy” (see Uber in transport related ventures), the concept and de-
velopment of “autonomous, inter-connected vehicles” and the “Mobility-as-a-Ser-
vice” business model concept. The common element in the recent developments,
magnified by the growing availability and richness of available data, is the passage
from ownership to usership. This attempted passage has a series of serious implica-

tions both to economy and society.

1.1.3 Innovative data collection

In data collection, many new technological and data fusion advancements allow the
establishment of a closer communication to the respondents in surveys, decrease
respondent burden, and increase the amount and quality of information. For exam-
ple, when we collect data through GPS-enabled devices and internet communica-
tion we avoid asking repetitive questions about the timing of travel and location and
can ask strategically with high value (e.g., type of activity engaged and the presence
of other persons at activity locations). In this way, one can ask questions about re-
vealed behavior in more detail and verify answers using secondary data. They also
allow the creation of “experiments” in the form of hypothetical questions comparing
different options that are called stated preference studies. These studies allow
examining potential actions from policies that cannot be put to test in the real world.
Moreover, merging of data from revealed preference data and stated preference
enrich behavioral models in a way that can help us answer policy questions with in-
creased flexibility.

It is now evident that response rates in household travel surveys are dropping
(Stopher and Greaves, 2007; Wilson, 2004). In fact, the households that are hard to
contact (and because of that they represent the highest non-response rates) are the
ones that travel the most. In these cases, the travel survey or the travel diary are con-
sidered an extra burden on the already stretched household schedule. An additional
issue is the tendency of the respondents to omit trips in the travel diaries, either when
contacted by phone surveys (Wolf et al., 2003) or even in face to face interviews
(Stopher and Collins, 2005).
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In simulation models, when data are available the day in the life of an entire country
can be represented with extreme detail in time (second by second) to account for
the execution of activity agendas of persons and at the level of longitude and latitude
(pointto point). These advancements are heavily based on observations of residents
in the major metropolitan areas, and their subject is the daily life of these residents.
We did not experience similar advancement in the area known as “long distance
travel’ that includes traveling for tourism (either as a pure leisure travel or a combi-
nation of business and leisure). There are examples of research activities dedicated
first to collect data on this behavior. The data can be used to inform an activity-based
approach that is tailored to this type of behavior.

Of course, all these advancements increase the need for higher quality data, com-
putational power, and familiarity with more sophisticated data analysis and visuali-
zation techniques. This is often influenced by the tour operators’ marketing cam-
paigns which steer the tourism flows to specific island destinations. On the other
hand, though, a rising number of “active” and “aware” travelers seek destinations
which meet their criteria for environment protection and management, similar to
practices applied in their hometown or country. The implementation of similar prac-
tices at the island destination is very likely to attract tourists keen to visit a destination

with a high environmental awareness.

1.2 “Shades” of green transport

Since there is not a strict definition of sustainable transport or sustainability in gen-
eral, there is much discussion as to which are the limits or the true content of sustain-
able transport. It is a difficult subject, as it should be viewed within the context of the
political, social and economic system it is a part of. Bibri and Krogstie (Bibri and
Krogstie, 2017), in their extensive literature review of sustainability and future cities,
state that ” In general terms, sustainability can be conceived of as a state in which
society doesn’t undermine the natural and social systems, i.e. where the natural sys-
tem is not subject to resource depletion and intensive consumption, hazardous sub-
stances, and concomitant environmental risks, and, as of equal importance, where
the social system doesn’t render people subject to conditions that inhibit their ability
to satisfy their needs and aspirations. Undermining natural and social systems can

occur through pollution, environmental degradation/ecological deprivation, health
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decrease, social instability, social injustice, and social hazard.” In the long discussion
about sustainability, there is some critique to the notion or the application of sustain-
able transport policy.

One of the most used terms in green transport criticism is “Greenwash.”(Lightfoot
and Burchell, 2004) The term is used as a spin to promote a product or a service as
environmentally friendly deceptively. The tell-tale sign is that an organization or a
company spends significantly more amount of money advertising their “green”
product than helping the environment. It is used more in food products and energy
but has also appeared in transportation issues (Leahy, 2004).

More to the core approaches present green or sustainable transport as an ineffective
concept, or even worse false and unfeasible, delaying the urgent changes needed,
as for instance in the case of global climate change. (Eliasson and Proost, 2015)
There is also the question of who is affected by specific policy measures. For exam-
ple, market solutions such as taxing carbon may result in economically strong indi-
viduals or corporations abusing regulation and using influence and money to disrupt
the goals of sustainable transport policy.

A radical criticism views the problem of emissions in from a whole different perspec-
tive. Criticism of development as an economic strategy, proposing actual de-growth
not as a means of destruction but more as “a fundamental change of key references
such as the collective imagination” (Martinez-Alier et al., 2010) and as a strategy for
a society built on the quality and not quantity. A final topic of criticism is the concep-
tion of lifestyle as a fundamental and obligatory variable in promoting green
transport (Gilg et al., 2005) or the behavioral shift to a greener lifestyle as an ineffi-
cient and counter-intuitive. (Roy & Pal, 2009).

1.3 Objectives

Based on the above introduction and discussion on the definition, usefulness, and
need for sustainable transport, this thesis aims to explore, understand, quantify and
compare different policy measures that are widely regarded as being part of green
or sustainable transport. This exploration is conducted using different tools. The
main analysis of the thesis is conducted using quantitative tools; mostly econometric

discrete choice modeling and simulation. However, a lesser but equally important
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portion of the thesis is materialized by using qualitative tools of analysis and synthe-
sis, such as the discussion of the proposed measures with the local, case study stake-
holders and community.
The objectives of the thesis can be grouped into four main axes:
1. Explore the notion, form, and content, of sustainable or green transport and
review the state-of-the-art and fruitful practices
2. Develop and test econometric models that focus on the transportation-
related choices of individuals in three different time frames:
a. Everyday life
b. Mid-term decisions
c. Long-term decisions
3. Design and develop a web application (from now on: the platform) that will
use the modeling results to quantify the effect of different policy measures to
the overall transport network performance, carbon emissions and standard of
living.
4. Use the above to critically discuss the usability, need, and effectiveness of var-

ious policy measures.

1.4 Contribution

Sustainable transportation is a topic widely discussed and useful in the 215t century.
As already discussed in the introduction, climate change is a very real threat to
humanity, and any response tactic or strategy should be carefully considered and
implemented for it to be efficient and decisive. There is extensive literature discuss-
ing green policy regarding transportation, ranging from innovative measures and
tools to adoption rates of new fuel technology and critical discussion of results. The
main contribution of this thesis is that it tests and assess the effect of various policy
measures in the same population group (with distinct particularities) using different
tools and different time horizons.

First, this thesis develops three groups of models; that each explores a different as-
pect of sustainable transport in a different time frame. The models that are
developed in each model group provide specific results that can be transferred to
the final product, the platform and act as complementary or competitive agents with

each other. Some of the model results are model specific and other are comparable
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with other models. For example, the construction of a bicycle lane in the study area
affects the modal split and raises the portion of bicycle users. This result affects the
passenger kilometers traveled by motorized vehicles thus affecting the daily emis-
sions. Daily emissions are also affected by another policy measure: the introduction
of alternative fuel vehicles in the local vehicle market. The two measures share the
result of the reduction of daily emissions, which is comparable, but each of them has
different results that are not directly comparable.

Secondly, the developed models are based on sound modeling techniques that are
utilized and reinforced in the last years, adding new layers of understanding the de-
cision-making process. Each model formulated in this thesis has a distinct contribu-
tion to the literature. For example, the 4-step modeling process, which is a widely-
used transport simulation model for decades, is extended by altering the first step
of the model to include disaggregated information using synthetic population and
by using crowd-sourced information in step 2.

The integrated approach of policy assessment followed in this study is expected to
extend the existing frameworks and tools of policy evaluation and to lead to inte-
grated, in-depth analysis of proposed measures, taking into account the particulari-
ties of the study area without compromising the transferability of the models and

methods.

1.5 Overall methodology

To address the challenges described in the previous sections, this thesis develops a
policy evaluation tool, the Platform. The platform uses a multitude of different data,
a combination of econometric and simulation models and a specialized database
and GUI structure to deliver an in-depth, spherical and critical evaluation of sustain-
able mobility policy measures in the study area.

The collected sample consists of 560 households and 1290 individuals. The data
collection process took place from August 2013 to April 2014 in monthly intervals
and consisted of four questionnaires. The first questionnaire included questions
about the household structure and vehicle ownership. The second questionnaire
contained questions about individual household members and some attitudinal
questions. The third questionnaire was an activity diary - accompanied with a GPS
device to log the respondent's travel schedule. The fourth questionnaire was a
Stated Preferences experiments regarding future vehicle choice. The final question-
naire was accompanied by a series of different psychometric questions to collect the
respondents’ attitudes and perceptions.
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As Figure 1 shows, the survey data come from a variety of different sources. The
personal survey database consists of 1,290 respondents, roughly 2.5% of the island’s
population and 5% of the population of Chios town, which was the main focus of the
data collection. 720 of these respondents successfully completed a 2-day activity di-
ary while 100 of them accompanied the diary with a handheld GPS device that
recorded their activity and travel. Also, 250 respondents from the sample completed
a menu-based stated preference experiment, using a modular approach, concern-
ing future vehicle purchase. The same respondents also completed an attitudinal
and psychometric questionnaire.

Secondary data sources are online APls, geocoded databases and shapefiles and
social media data. Data from Google places (points of interest, land use, commercial
establishments, work areas) contribute to an up-to-date and crowdsourced gravity
model for the spatial interactions of the study area, described in more detail in the
next section of the paper. The collected and publicly available GPS data of the study
area are useful for evaluating the transport network characteristics, updating missing
links and assessing mean speeds in a more pragmatic sense (Tsouros et al., 2015b;
Tsouros and Polydoropoulou, 2014). Shapefiles of the study area along with other
geocoded information successfully contributed to obtaining a valid transport net-
work and land use classification and as an exploratory tool for handling various so-
cio-demographic variables. The latter is a process aided by the use of Twitter data
(Goulias et al., n.d.), using geocoded text analytics, and resulted in a much better
and in-depth exploratory analysis of the study area which, in turn, served as a more

stable basis for the conception and design of the modeling framework.
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MODELS
This section presents the models comprising the engine of the policy tool. Figure 2

presents the overall model structure.
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Daily rhythms tier

The platform compares island daily rhythms by examining departure and arrival
times, mode choice, the correlation between times and activities and tour structure.
First, the average morning departure times and work activity durations are
compared. Then, tour structure is analyzed. Tours are identified and grouped into
primary and secondary tours, with primary tours containing work, education, shop-
ping, leisure and other activities as the main trip purpose. Intermediate stops are
also noted. Thus, the tour structure can be one of the following types: primary tour
(with no intermediate stop or secondary tour), primary tour and secondary tour (with

no intermediate stops), primary tour with an intermediate stop but no secondary
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tour, and finally primary tour with both an intermediate stop and a secondary tour.
The next step is the analysis of the tour structure, depending on the temporal posi-
tions of the intermediate stop(s). Four groups are identified: HMH (home - main ac-
tivity - home), HIMH (home - intermediate stop - main activity - home), HMiH (home
- main activity - intermediate stop - home), and HiMiH (home - intermediate stop -
main activity - intermediate stop - home). The final step of this analysis is a compari-
son of the modal split in the two areas, into general and activity-specific. This is
followed by an examination of the bivariate correlation between the morning depar-
ture time and the duration of the various activities, and the statistical significance of
this correlation. The departure time is measured as time elapsed from midnight (in
minutes) so that the two variables are comparable. Correlation tests include work,
leisure, education and shopping activities, measured across the appropriate sample
clusters.

Stochastic frontiers were developed for models of production. A production func-
tion is an ideal amount a unit can produce for a given set of inputs. In empirical set-
tings, observed outputs are not ideal (maximum), due to unknown random factors
and measurement error (v) specific to each observed unit and caused by productive
inefficiency, which also varies with each observed unit (u). Applying this model to the
departure from home can reveal the factors affecting the "ideal" departure time; and
similarly, for the last arrival at home in a day. To examine the relationship between
output variables (arrival at home) and input variables (characteristics of the person
and her household) a regression model is created with the dependent variable be-
ing the indicator of output and the independent variables being the array of varia-
bles we wish to test for their significance in influencing arrival time.

A latent class choice model is developed to examine tour structure further (Tsouros
etal., 2015a). The initial assumption underlying this model is that the latent trait Life-
style divides the sample into two distinct classes, each class having its own utility
function for tour structure. Lifestyle seems to play a major role in all results. The more
flexible timetable of the islanders, aided by a mixture of smaller travel times, relaxed
work schedule, and proximity of various activity locations, leads to the more inde-
pendent organization of daily patterns. In fact, only leisure duration seems to affect
morning departure times in the island. A more favorable urban environment may not
result in the adoption of an active transport lifestyle or trend but can lead to a more
relaxed and independent management of the daily time schedules and activity pat-

terns.
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Promotion of active transport tier

This tier consists of a five modules transport simulation model of the study area. The
simulation model is used to assess the performance of the proposed measures and
scenarios as well as, mainly, the performance of the active transport policy measures
-the creation of bike lanes and the pedestrianization of certain links in the city center.
The initial module of the model consists of the creation of the synthetic population
of the study area. Using data from the household and individual surveys and the syn-
thetic population software PopGen (Goulias et al., 2012), the first module recreates
the entire population of the island and allocates it to 43 specified analysis zones. The
second module of the model consists of calculating the generated and attracted
trips for every zone, for each trip purpose and socio-demographic group. This is
done by using a mixture of regression models and trip rates, depending on the type
of zone and the analysis level that we need. The zone attraction sub-component is
supported by the use of the Google Places APl in order to determine the presence
of points of interest, commercial establishments and other places that could influ-
ence the attraction level of a zone. The APl is used statically in this analysis, but it can
also be utilized dynamically, incorporating into the modeling process the hours of
service of the zone points of interest and also the crowd sizes, popularity, and rank-
ings. The third module creates the OD matrices of the simulation model by using an
innovative gravity model which incorporates sense of place via Twitter analysis as a
factor in determining spatial interaction and zone relationships. The fourth module
of the transport simulation model is the mode choice module. In this particular mode
choice model, a binary choice logit between active and motorized transport is
realized. Walking and cycling are included in the active modes (around 41% of the
modal split), and mainly cars and motorcycles in the motorized modes (almost all the
remaining modal split; the presence of public transport in the study area is virtually
non-existent). The final module of the model is concerned with the traffic assignment
in the network. It is applied after all the above modules and reflects the predicted
traffic flows. The equilibrium of demand and supply is achieved.

The assessed policy measures include three different bike lane routes (from Chios
city center to 3 neighboring locations - Vrontados, Karfas, and Kampos), two pedes-
trianization scenarios, and two scenarios that include all the bike lanes and both the
pedestrianizations. Results of the model indicate that all the proposed policy

measures and scenarios (detailed results in Table 35) have a positive impact on the
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policy goal, which is the modal shift to active transport. The simulation model pro-
vides more information, such as passenger kilometers, vehicle kilometers, mean trip
distance and travel time and other useful information that can be used to calculate
additional KPIs (such as emissions and fuel cost) or that further assists the evaluation

process.

Future vehicle choice tier

This tier examines the future car purchase choice, using modules and different levels
of attributes that construct a car, and measures the effect on purchase choice of per-
sonality traits such as ecological consciousness and symbolic/exuberant attitudes to-
wards vehicles. The results should enable policy-makers to focus on certain market
segmentation modes for the promotion of alternative fuel and automated vehicles.
The tier presents a hybrid choice model, with latent variables capturing the pro-en-
vironmental and exuberant attitudes of individuals. The questionnaire presented to
the respondents was in the form of a menu, from which participants could choose
five different types of vehicle characteristics (engine size, type of car, fuel type, car
edition and level of automation) to construct their ideal vehicle. The developed
model is a hybrid choice model (Tsouros et al., 2015d; Tsouros and Polydoropoulou,
2017). Results indicate that there is a negative correlation between having symbolic,
exuberant attitudes towards automobiles, and the purchase of a hybrid or a small
engine sized gasoline car. Also, pro-environmental attitudes positively correlate with
the purchase of a hybrid vehicle but not of an electric one.

Through the application of the hybrid choice model, the future fleet mixture of the
study area is calculated. The calculation is conducted on the basis of two scenarios
concerning the macro-economic situation of the country: an optimistic one and a
neutral one which is an extrapolation of the current situation (as of 2017) of the mac-

roeconomic indicators.
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1.6 Structure

The thesis structure is the following: In the initial chapter introduces the subject of
the thesis, states the preliminary definitions and clarifies which one and in which con-
text will be used for the rest of the thesis. It presents the objectives, contribution and
the structure of the thesis.

Chapter 2 is an extended literature review, concentrating on three axes: Literature
on contemporary, innovative data collection methods and tools. A spherical
research on these methods focused on the use of mobile devices, such as GPS,
smartphones, and sensors, and their incisional role on the data collection
procedures. It also presents surveys and projects that are relevant to green policy
and sustainable transport, which use this kind of methods and tools. Then worldwide
and European policy practices and state-of-the-art example are presented. This acts
both as a literature review of successful practices, supporting the argument that
green policy is not just wishful thinking and as a thought pool for policies to be ad-
justed, fit to the island area context and evaluated through the platform this thesis
builds. The final axis of the literature review is a peek through the contemporary
models and methods for travel behavior analysis. Hybrid choice models, with latent
variables attempting to explain views and perceptions, activity-based models to
develop a real-time simulation of activities and travel and secondary but required
modules such as population generators, long-term choices evaluation, and spatial
analysis.

Chapter 3 introduces the methodology of the thesis. It introduces the study area and
the local context within which the thesis will try to assess policies by running models
and simulating travel behavior. A current situation analysis of the study area presents
facts and figures useful to the reader. It then introduces the framework for the survey
design, the data needed and the exact methods and tools for data collection. GreTIA
(GReen Transportin Island Areas) research project is presented, along with the mod-
ules and work packages that this thesis will use data from, ranging from tourists’ be-
havior to environmental and financial analysis. The analytical presentation of the
methodological framework of Chapters 4, 5 and 6 concludes Chapter 3.

Chapter 4 is about the every-day life tier. The effect of lifestyle is evaluated by com-

paring the study area, which has an island lifestyle, to the large urban center of Ath-
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ens by using a similar database. Significant results presenting the differences be-
tween the two areas are discussed and policy implications from location specific
analysis are also part of Chapter 4.

Chapter 5 is about the simulation of the study area and the effect of light infrastruc-
ture interventions - promoting active transport. It describes the procedure of coding
and calibrating the city’s network, the choice of zones and the grouping in main
zones and clarifies the models that will act as input for the simulation. Population
generator, spatial data, and long-term choices build up to a simulation model that
has two main running periods, winter and summer, respecting the seasonality shifts
of the local area social and transport conditions. Traffic data collected at main nodes
is used as a calibration means. Initial future scenarios are discussed.

Chapter 6 is concerned with the strategic decisions tier; the future car purchase
decisions which affect the future fleet mixture. The SP experiment that the survey
participants responded to are presented. The SP experiment has a modular ap-
proach, allowing each participant to create their ideal vehicle. The methodology of
a hybrid choice model is discussed. The latent variables that the model use is the
Symbolic or Exuberant use of vehicles, the Environmental friendliness and the Tech-
Savviness of users/respondents.

Chapter 7 explores the development of the platform. Data and models from Chapter
4 along with the simulation provide the input data for the one input channel of the
platform that is based on simulation and transport conditions. The other two are en-
vironmental and financial analysis. The platform has the capability to evaluate green
policies based on a series of factors and models that fit the study area particularities,
addresses economic background and learns and respects people’s perceptions,
views, and behavior.

Chapter 8 concludes the thesis by summarizing results, discussing policy implica-

tions and providing insight for future research.
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Chapter 2: Literature review

In the introduction, it was made clear that this thesis aims to develop a green policy
evaluation platform, using advanced model techniques and simulation. This chapter
contains the literature review, split into three main categories. The first category is
concerned with data collection methods, completing the discussion opened in the
first chapter. New approaches and tools for data collection are reviewed, and find-
ings from the similar research are presented. The second category presents green
transport policy practice and state-of-the-art examples from around the world. It is
the knowledge pool from which radical, “soft” and education policy will be picked
and later evaluated in the platform. The final category is a peek through new model
classifications, the inefficiencies of Random Utility models and the capabilities of
modeling behavior the Hybrid Choice Models add. It is also a review of simulation

practices in respect with their fit to the study area this thesis is going to address.

2.1 Data collection

One of the first references to GPS based methods is the survey of Murakami and
Wagner, (1999) which studied the reliability of GPS devices to verify the number of
trips reported by the respondent, the actual trip times and any other characteristic
that may be recorded erroneously in the trip diary of the survey. This research, being
published over 13 years ago, used mobile devices much larger and more expensive
($1350 of a GPS device) than the devices used today. The findings verified that the
research participants tend to forget or to over-estimate the number of daily trips,
and a GPS device can contribute to the correct trip data collection and correction of
possible mistakes.

Stopher and Greaves, (2007) suggested the elimination of travel diaries along with
data fusion techniques, panel surveys and continuous measurement as an answer to

the gradually dropping response rates, and increasing costs of surveys. However, it
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is noted that these fusion techniques depend highly on the acceptance of the re-
spondents to carry a GPS device with them all day. This fact may raise concerns on
personal security or even fear. An answer to this may be the use of smartphones with
integrated GPS function, which even solves the problem of reaching young people
and busy professionals (which have always been the most difficult to reach). Another
issue identified by Wolf et. al., (2001) was that this survey design lacks the ability to
precisely determine the means of transport (raw GPS speed data from a motorbike
and a car are very much alike). Moreover, it does not actively engage the respondent
in the survey procedure. Moreover, activities of participants are not recorded and
need to be predicted using other methods.

Bricka et.al., ( 2012) present an analysis of the factors that influence the differences
between what is written down in the trip diaries and the actual trips verified by the
GPS devices. They point out the different nature of these two methods of data col-
lection, especially when a survey is conducted solely by GPS devices, without a trip
diary present. They also attempted an analysis of the factors influencing the differ-
ences in survey-reported and GPS-recorded trips. From a sample of 265 individuals,
which reported a total of 1533 trips, only the 49% reported exactly the number of
trips that the devices record. The results of the descriptive analysis and the model
estimations revealed that the HBW trips are less likely to be under-reported. The
research also pointed out the “Friday effect.” People who travel on Fridays tend to
travel more for non-work purposes than work purposes.

Papinsky et.al., (2009) attempted to explore the route-choice decision-making
process, actually by comparing the planned routes (stated in a travel diary) and the
observed ones, revealing that the GPS devices can be used in studies containing
quantitative factors, like travel time, route directness or congestion.

Stopher and Collins (2005) suggested a probability matrix to determine mode
choice. Average travel times and speeds provided by GPS devices for every mode
were recorded in a matrix and other factors (such as bicycle ownership) determined
the probability of a certain mode choice. This study used GIS maps to calibrate the
matrices.

Cortés et.al., (2011) attempted the evaluation and verification of travel times of pub-
lic transportation (mainly bus) by using GPS devices. The research recorded the bus’s
speed by using mobile devices and with the aid of geo-coding and GIS software-
defined the location of the areas in the network that suffer more from traffic
congestion or categorized the bus lines according to their efficiency, speed and time

accuracy. These data were then used to locate the bus stops that cause more traffic
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congestion problems. It was concluded that this methodology is not limited to bus
lines with fixed schedule but can also be used in hop on - hop off bus lines or in
cases of taxis and mini-buses making stops at the passenger’'s demand.

In 2013 survey authors ( Simsek et al., 2013) used the data collected by mobile GPS
devices to evaluate drivers performance and behavior. The methodology of the re-
search, apart from defining the correct (or the socially expected) driving behavior,
used the GPS tracks, to measure speed and route choice, and then compared the
data with the legal/posted speed limits. Finally, three quantitative factors were eval-
uated: driving speed off the legal limits, waiting times at traffic lights and fuel use on
every trip (depending on the vehicle).

Du and Aultman-Hall (2007) focused on the correct identification of trip-ends using
GPS devices and presented a methodology for data analysis when arranging many
logging data. They found out that after an automatic identification of trip-ends, 94%
of the trips were correctly identified (on a passive stream of GPS data).

In a 2010 research paper, authors (Herrera et al., 2010) attempted traffic monitoring
using GPS-enabled cell phones. Exploiting the “extensive coverage provided by mo-
bile phones and the high accuracy in position and velocity measurements provided
by GPS units” the prototype demonstrated a successful way to monitor traffic.
Asensio et. al., (2009) used the GPS devices to collect speed data for road traffic
noise mapping. This is another case of expensive and challenging data collection
that GPS technologies may make it cheaper and easier to collect.

GPS devices have been recently used in studies constructing a pedestrian network
algorithm derived from multiple GPS traces (Kasemsuppakorn and Karimi, 2013);
and in route choice models developed with Revealed Preferences data from the de-
vices studying cyclists’ behavior (Broach, 2004) (Broach et al., 2012). Both studies
show that the use of such devices can be instrumental when trying to evaluate green
modes of transport.

Schonfelder et al., (2002) conducted a research considering the differences in travel
behavior and mobility patterns when addressing the intra-personal level and the in-
ter-personal level. The research also focused on the potentials of automatically col-
lected GPS data and the known drawbacks of this type of data collection methodol-
ogy. The identification of problems with the data led to a proposed methodology of
data editing procedure to maximize data quality. In the conclusions, they propose
future research with GPS to be focused on route choice analysis as a better way of

representing behavioral analysis.
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In another paper focusing on the combination of GIS and GPS, (Gong and Chen,
2012) attempt to apply a method for travel mode detection from GPS traces with the
collaboration of GIS software in New York City. In a complex urban environment such
as that of New York transportation networks are complicated. Technical details such
as logging frequency or satellite signal problems are discussed. GIS software can
identify transport modes such as subway, rail or bus lines (fixed route). Problems
occur when walking mode traces mix with slow moving car traces (stuck in traffic). A
complete algorithm and methodology for data processing are proposed, specially
designed to handle big amount of data. This research uses GPS devices similar to
the present research and the methodology proposed the limits for data logging fre-
quency of timetable of logs in a way that can fit the needs of the present research.
Moreover, Badland et al., (2010) examined commute routes with the aid of GPS de-
vices. University employees were used as the study subjects, using a 7-day self-re-
port travel log only for work related trips. The paper aimed to identify whether the
shortest route is the main factor affecting the decision of route choice.

Reumers, etal., (2012) attempted to create a semantic annotation procedure for GPS
traces. The research focused on extracting data from GPS and then assign a proba-
bility for each activity being a certain one depending on factors such as time of the
day, time of the activity, the day of the week, characteristics of the household. The
same was attempted for mode identification with factors such as speed, GIS interac-
tions (i.e. bus stops), and speed graphs.

Ellison and Daniels, (2012) used data from GPS devices which were part of a broader
study on travel behavior to capture speeding behavior in school zones. This study
included a psychological sub-study to record the personality traits, risk perception
and driver behavior (aggressiveness) of the participants. The devices were used to
measure the speed around school areas and to pinpoint locations to locate the
speed limit in these areas manually.

Henriques and Bento, (2013) attempted the integration of GPS traces, and Digital
elevation maps to improve bicycle traffic. The system architecture of this research
uses GPX (GPS exchange files) and terrain elevation data to simulate bicycle traffic
in a simulation software like VISSIM.

Broach, et al., (2012) used bicycle mounted GPS devices to developing a route
choice model. They used only non-exercise trips. In this paper, it is stated, that GPS
traces can also work as a base network, mapping the network as the traces flow

through the urban area. The model considered distance, slope and turns as main
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factors for the route choice analysis. The results of the model revealed that commut-
ing cyclists are more likely to be affected by distance as a factor.

One of the aims of the literature review is to point out the richness of information
that a GPS device can collect in an easy and low - cost way. An individual using a
GPS logging device correctly along with his/her daily travel schedule can provide
information not only about the trip ends and the routes but also for speed, travel
time, slopes and altitude or certain routes, delays at junctions or traffic lights, evalu-
ation of public transport services and other interesting information. This can become
a breakthrough in data collection, both because of the minimum burden and the low
cost but also relative acceptance to use the GPS devices by respondents. Data col-
lection can be made even more accurate by using a web interface where respond-
ents can find, review and correct their trips, stops or other information (Sun et al.,
2013)

The review of the literature demonstrated a growing interest in the usage of GPS as
means of analyzing travelers’ decision-making with single modes of transportation.
The research presented in this paper capitalizes on these findings and goes one step
further by utilizing GPS traces to compare alternative active transport modes and
identify route choice attractiveness for bikes, electric bikes, motorcycles, and walk

alternatives

2.2 Travel Behavior Research - Activity-

based models

Activity engagement constitutes the backbone of human behavior (Devillaine et al.,
2012). Activity-based approaches explicitly recognize the fact that individuals travel
to fulfill their need to engage in activities. An activity-based model should predict
activity participation and time allocation, with explicit consideration given to spatial,
temporal and social constraints, while accounting for inter-dependency among indi-
viduals in a household and trips (Goulias and Kim, 2001).

The development of activity-based models as a tool to analyze travel behavior and
forecast transport demand has been motivated by the growing complexity of activity
patterns. The developments result in socio-economic changes, growing congestion,

and negative externalities, as well as the need to estimate changes in travel behavior
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in response to innovative policies designed to achieve sustainability (Shiftan and
Ben-Akiva, 2011).

Several successful implementations of the activity-based models have already
demonstrated that the activity-based concept is workable. Operational modeling
systems at the regional level can be constructed that are both practical (reasonable
running time, reasonable size and scope of the travel/activity surveys required to
support the model estimation), and that also incorporate the best components from
the frontier-line research on activity and travel behavior (Davidson et al., 2007). Over-
all, when describing the new generation of regional travel demand models, three
basic features should be highlighted:

1. An activity-based platform that implies that modeled travel is derived within a
general framework of the daily activities undertaken by households and persons.

2. Atour-based structure of travel where the tour is used as the unit of modeling
travel instead of the elemental trip; this structure preserves a consistency across trips
included into the same tour, by such travel dimensions as destination, mode, and
time of day.

3. Microsimulation modeling techniques that are applied at the fully-disaggre-
gate level of persons and households, which convert activity and travel related
choices from fractional-probability model outcomes into a series of crisp decisions
among the discrete choices.

While complimentary, these features are essentially independent, and having one of
them in place in the modeling system does not automatically require the others.
Recognition of the activity-based nature of travel and attempts to derive travel from
the comprehensive analysis of the individual daily activity agenda started long ago
without any explicit linkage to a tour-based technique or micro-simulation (Bhat and
Koppelman, 2000).

Similarly, the tour-based concept of modeling travel is rooted in trip-chaining mod-
els that were first developed independently of the activity-based paradigm, until it
was recognized after the works of Bowman and Ben-Akiva, (1999; 2001) that the tour
may serve as an efficient unit to construct daily activity patterns.

Microsimulation techniques first opened the way to apply activity-based effectively
and tour-based constructs in a realistic regional modeling setting (Bradley et al.,
1999; Vovsha et al., 2002; Bradley et al., 2001; Jonnalagadda et al., 2001). Several
activity-based models, incorporating all three of these salient features of the new

activity-based models, are summarized and presented below.

52



Goulias et al. (2012) developed a large-scale spatiotemporal simulator of activities
Greenhouse Emissions, Networks, and Travel (SImAGENT) for Southern California.
The simulator includes population synthesis that recreates the entire resident popu-
lation of this region, provides locations for residences, workplaces, and schools for
each person, estimates car ownership and type as well as the main driver of each
vehicle, and provides other key personal and household characteristics. Then, a
synthetic schedule generator recreates for each resident person in the simulated re-
gion a schedule of activities and travel that reflects intra- household activity coordi-
nation for a day. This synthetic activity and daily travel schedules are then converted
to multiple Origin-Destination (OD) matrices at different times in a day. These are in
turn combined with other OD matrices (representing truck travel, travel from and to
ports and airports, and travel generated outside the region) and assigned to the net-
work in multiple periods in a day. The assignment output is then used in another
software to produce estimates of fuel consumed and pollutants emitted (including
CO2) by different classes of vehicles. The overall model system also includes provi-
sion for finer spatial and temporal resolutions.

Auld (2012) developed the Agent-based Dynamic Activity Planning and Travel
Scheduling (ADAPTS) model, which implemented for the Chicago region for valida-
tion. ADAPTS is a new activity-based travel demand model which has been devel-
oped (Auld, 2011) to demonstrate the direct integration of travel demand modeling
with traffic assignment. The fundamental concept underlying the development of
the ADAPTS is to treat activity planning and scheduling events as individual discrete
events within the overall simulation framework. Consequently, an activity is created
and modified over time and eventually executed (i.e. assigned to the network) in one
unified simulation. The model is dynamic in the sense that activities are generated
and passed to the network assignment as they are scheduled, rather than pre-defin-
ing daily activity schedules for agents to assign at one time. This allows for dynamic
interaction effects within the demand model and network simulator, including such
things as opportunistic scheduling, en-route replanning or other effects.

Pendyala etal. (2010; 2012) designed an integrated model system, SImTRAVEL. The
model involves the microsimulation of location choices within the land use domain,
of activity-travel choices within the travel demand domain, and of individual vehicles
on networks within the network supply modeling domain with a view to more tightly
tying together component model systems in a behaviorally consistent fashion. The
proposed alternate design adopts an event-based paradigm in which every activity-

travel episode is an event that is simulated along a continuous time axis. The land
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use microsimulation model is run first to simulate the locations of households and
businesses. In the activity-based model system, time-space prism constraints are
identified based on the scheduling of necessary activities of the individual as well as
of those household members who may be dependent on the person for transporta-
tion. In any unconstrained period, activities (and travel to the activities) may be
undertaken. The choice of mode and destination for any activity is determined using
a common mode/destination choice model. The mode choice set includes only
those modes that are available to the individual at the time that an activity is going
to be undertaken, and the destination choice set includes only those destinations
that can be reached by the fastest mode possible without violating time-space prism
constraints. Therefore, the joint mode/destination choice model requires an initial
set of network level of service attribute to simulate these choices. The set of initial
network level of service attributes may be obtained from a validated four-step model
or by applying a bootstrapping procedure. A prototype has been developed and
tested on a three-city subarea in the southeast region of the Phoenix metropolitan
area.

Bowman et al. (2006) developed a regional travel forecasting model system called
SacSim (developed in 2005 and implemented in 2006) for the Sacramento (Califor-
nia) Area Council of Governments. The system includes an integrated econometric
microsimulation of personal activities and travel (DaySim) with a highly disaggregate
treatment of the purpose, time of day and location dimensions of the modeled out-
comes. Initially, the Population Synthesizer creates a synthetic population, com-
prised of households drawn from the region’s U.S. Census Public Use Microdata
Sample (PUMS) and allocated to parcels. Long-term choices (work location, school
location, and auto ownership) are simulated for all members of the population. The
Person Day Activity and Travel Simulator then creates a one-day activity and travel
schedule for each person in the population, including a list of their tours and the
trips on each tour. These components, comprising DaySim and implemented jointly
in a single software program, consist of a hierarchy of multinomial logit and nested
logit models. The models within DaySim are connected by adherence to an assumed
conditional hierarchy and using accessibility log sums. The trips predicted by Day-
Sim are aggregated into trip matrices and combined with predicted trips for special
generators, external trips and commercial traffic into time- and mode-specific trip
matrices. The network traffic assignment models load the trips onto the network.
Traffic assignment is iteratively equilibrated with DaySim and the other demand
models. SACSIM was calibrated and tested for the base year of 2000 and forecasts
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to the years 2005 and 2035 (Bradley et al., 2010). It was used to provide forecasts for
the Regional Transportation Plan (RTP) and continues to be used for various policy
analyses.

With regards non-motorized trips, Sacramento’s SacSim activity-based model uses
parcel/point level land use data (Bradley et al., 2010), potentially providing the finer
resolution needed for more accurate non-motorized modeling (Liu et al., 2012). Par-
cel/point data also allows more precise representation of transit proximity as the
distance from each parcel/point to the nearest transit station or stop, and more ac-
curate measurement of intra-zonal walk time and drive time. These continuous, mi-
cro-level representations of land use and walk accessibility and intra-zonal accessi-
bility permit improved modeling of non-motorized travel. Walk and bike are
modeled in the tour and trip mode choice models, which include two land use vari-
ables - mixed use density and intersection density. The former is defined as the
geometric average of retail and service employment and households within a half
mile of the origin or destination parcel, while the latter is measured as the number
of 4-way intersections plus one-half the number of 3-way intersections minus the
number of 1-way intersections (dead ends and cul de sac) within a half mile of the
origin or destination parcel. Other models in SACSIM, such as the destination choice
models, also include land use and urban form variables defined within a given dis-
tance of a parcel/point, such as density variables and street pattern variables.

The San Francisco County Chained Activity Modeling Process (SF-CHAMP) was de-
veloped for the San Francisco County Transportation Authority (SFCTA) to provide
detailed forecasts of travel demand for various planning applications (Outwater and
Charlton, 2006). These applications include developing countywide plans, provid-
ing input to microsimulation modeling for the corridor and project-level evaluations,
transit planning, and neighborhood planning. The objective is to accurately repre-
sent the complexity of the destination, temporal and modal options and provide de-
tailed information on travelers making discrete choices. These objectives led to the
development of a tour-based model that uses synthesized population as the basis
for decision-making rather than zonal-level aggregate data sources. The tour-based
model has nine primary components (Outwater and Charlton, 2008). Most of the
model components were estimated using household survey data for San Francisco
residents only, collected by the Metropolitan Transportation Commission (MTC).
Each model component was calibrated using various observed data sources, and
then the full model was validated using traffic count and transit ridership data for
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each period. However, over the years, improvements to SF- CHAMP have been pri-
marily shaped by the questions confronting decision makers. Model improvements
have addressed issues such as road pricing, parking availability and pricing, transit
treatments, non-motorized infrastructure, land use decisions and the quality of the
built environment (Erhardt et al., 2008; Zorn et al., 2011; Hood et al., 2011; Zorn et
al., 2012). For instance, SF-CHAMP is unable to capture any benefit related to capac-
ity expansion, crowding’s effect on travel time nor or any of the real-life true capacity
limitations.

Pendyala et al. (2005) developed a multimodal comprehensive activity-based travel
demand forecasting system for the State of Florida, FAMOS, which consists of two
main modules that together comprise a microsimulation model system for model-
ing activity-travel patterns of individuals: 1. Household Attributes Generation Sys-
tem and 2. Prism-Constrained Activity Travel Simulator (PCATS). FAMOS simulates
activity-travel patterns at the level of the individual decision-maker. Thus, not only is
it an activity-based model system, but it is also a microsimulation model system.
This is because activity-travel patterns are simulated at the micro level, i.e., at the
most disaggregate level possible. By simulating activity-travel patterns at the level
of the individual decision-maker, the model provides a strong platform for model-
ing travel demand in a region along a continuous time axis. The output of FAMOS
is essentially a series of activity-travel records for all people in the simulation. These
activity-travel records can be aggregated both spatially and temporally to obtain
zone-level origin-destination (O-D) matrices by trip purpose, mode, and time of
day. These O-D matrices then are fed into any static or dynamic traffic assignment
routines for obtaining link volumes by time of day.

The model system has been developed and estimated using household activity
and travel data collected in the Southeast Florida region of Florida in 1999.

The New York activity-based model (Vovsha and Chiao, 2008) is the first comprehen-
sive multimodal model developed for the New York Metropolitan Region, which en-
compasses an entire 28-county, a three-state region that includes portions of Con-
necticut and New Jersey, with a total population of 20 million residents. The NYMTC
model’s success has proven that the concept of a microsimulation activity- and tour-
based model can be applied to a large metropolitan area with a unique level of com-
plexity for the transportation system. The NYMTC model has four consecutive major
modules: (1) Tour generation, which includes household synthesis, automobile
ownership, and journey frequency choice models; (2) Tour mode and destination

choice, which includes pre-mode choice, primary destination choice, entire-tour
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mode combination choice, stop-frequency choice, and stop location choice; (3)
Time-of-day choice and pre-assignment processor, which includes tour time-of-day
choice for outbound and inbound directions, trip mode choice, and construction of
mode-specific and time-of-day period-specific trip tables; and (4) Traffic and transit
simulation, which is implemented by time-of-day periods.

Roorda et al. (2009) based on the Travel Activity Scheduler for Household Agents
(TASHA) (Miller and Roorda, 2003; Roorda, 2005) microsimulation framework
propose an integrated model of vehicle transactions, activity scheduling and mode
choice with the help of the concept of stress, which is expected to “occur when one's
current state deviates from some alternative desired/expected/optimal state (Miller,
2005). The importance of introducing the stress can be justified by the existence of
irreversibility and uncertainty, especially in the long-term decision, where transac-
tion costs might be significant. The stress could come from both a household mem-
ber him/herself under study and another member(s). The authors operationalize the
concept of the stress, as a measure of potential improvement in behavioral change,
based on the utility loss due to the unavailability of household vehicles and the oc-
currence of conflicts over the use of household vehicles. In the integrated model, the
stress is used as feed- back into the model of vehicle transactions and type choice.
Furthermore, the integrated model explicitly represents intra- household interaction
in joint activity participation, vehicle allocation, and ridesharing, chauffeuring and
conflict resolution. For the model, estimation was used two sources of data. The au-
tomobile transactions model is based on the Toronto Area Car Ownership Survey
(TACQS), a retrospective survey of 935 households (Roorda et al., 2000). The TASHA
model of activity scheduling and mode choice is based on data from the 1-day trip
diary Transportation Tomorrow Survey conducted in 1996 (DMG, 1997). The most
conflicts occur over the vehicle in one-vehicle households. By buying a vehicle, a
one-vehicle household reduces the number of conflicts it experiences by 0.19, on
average, which is virtually all the conflicts it experiences. Similarly, a two-vehicle
household can eliminate almost all the conflicts it experiences by purchasing a third
vehicle. When a two-vehicle household disposes of one of its vehicles, nearly 2.5
times the number of conflicts is generated as the one-vehicle households would
eliminate if it purchased a vehicle.

Bhat et al. (2004) designed the Comprehensive Econometric Microsimulator for
Daily Activity-Travel Patterns (CEMDAP) to model the daily activity-travel patterns of

individuals, which uses census tract-block group-block level summary tables as con-
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trol totals for synthesizing households and individuals from the 2000 Public Use Mi-
crodata Samples (PUMS) data. Some of the summary tables contain the distribution
of a single variable, while other tables describe the joint distribution of multiple var-
iables. These tables are used to construct a full multiway distribution by using a re-
cursive merge procedure and the iterative proportional fitting procedure. For the
Dallas-Fort Worth (DFW) application, four household-level variables and three indi-
vidual-level variables, are used as controls. The household-level variables are the
household type (six categories), household size (seven categories), the presence of
children (two categories), and age of householder (two categories). The individual-
level variables are gender (two categories), race (seven categories), and age (10 cat-
egories). All other variables in the PUMS data that are required for the activity-travel
pattern simulator, but not controlled during the population synthesis, are not directly
used. Instead, their values are simulated based on a suite of models estimated by
using PUMS and other sources of data (Guo et al., 2005).

In 2006, Pinjary et al. presented CEMDAP II, a new modeling system that enhances
CEMDAP in several ways. First, the new system is developed at a finer spatial resolu-
tion and applied to a 4,874-zone system for the DFW area in Texas. Second, the ac-
tivity-travel patterns of children (persons under 16 years of age) are now explicitly
modeled and forecasted. Third, the interdependencies between the travel patterns
of children and their parents (such as an escort to and from school and joint partici-
pation in optional activities) are explicitly accommodated. Finally, for estimation of
the models, the raw survey data obtained for the DFW area were reprocessed to
create a larger sample, and all the model components (over fifty in all) were re-esti-
mated. The overall modeling system is broadly subdivided into the following five
categories: (1) the generation-allocation model system, (2) the worker scheduling
model system, (3) the non-worker scheduling model system, (4) the joint discretion-
ary tour scheduling model system and (5) the children scheduling model system.
The data used in the estimation of all the model components were obtained from
three main sources: (1) the 1996 DFW household activity survey, (2) the DFW zonal
land-use database, and (3) the DFW interzonal transportation level of service data.
The final estimation data set comprised about 23,000 activity-travel records for 6,166
persons from 2,750 households.

PB Consult Inc. (2005) designed the Mid-Ohio Regional Planning Commission
(MORPC) model, which is a disaggregate tour-based model applied with the micro-

simulation of each household, person or tour. The MORPC model consists of the
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following eight core components: 1. Household car ownership choice, 2. Coordi-
nated choice of individual daily activity pattern type and a number of tours for man-
datory purposes (work, school, university), 3. Household generation of fully joint
tours for non-mandatory purposes (shopping, other maintenance, eating out, other
discretionary) and person participation in them, 4. Household generation of individ-
ual tours for maintenance purposes (escorting, shopping, other maintenance) and
allocation to persons; individual generation of tours for discretionary purposes (eat-
ing out, other discretionary) and at work sub- tours, 5. Primary tour destination
choice, 6. Tour time-of-day choice, 7. Entire-tour mode combination choice, 8. Stop
frequency, stop location, and trip mode choice. All eight model sets were validated
against the surveyed population (5,555 households) with excellent results. Then the
model was applied to the base year synthetic population (610,000 households) and
validated against the traffic counts, transit counts, and on-board survey. The model
area is divided into 1805 internal and 72 external zones. The primary inputs to the
model are transportation networks and zonal data, where each zone has the stand-
ard socioeconomic characteristics.

Shiftan et al. (2003) developed an advanced activity-based model system for the City
of Tel-Aviv in Israel. The model system is developed as a system of logit and nested
logit models assuming a hierarchy of the model components. At the highest level of
the model system, an auto availability model is predicting the probability of having
a various number of autos available to the household. In additional, an aggregated
auto ownership model was prepared to produce control values at the aggregated
level to validate the Auto Availability Model. Following this model, the primary activ-
ity model determines a person’s main activity. The alternatives include work, educa-
tion, shopping, other types of activity out of the home, and staying at home. For ac-
tivities outside the home, the model determines the destination of the primary activ-
ity and the main mode of the tour. In developing the model, the emphasis was put
on evaluating the response to different transportation policies such as parking re-
strictions and pricing in addition to improved and new infrastructures and transit ser-
vices. Some of the innovative aspects of this model system were based on a combi-
nation of data sources including a tour-based stated- preference survey, a three-day
trip diary database enriched in communities adjacent to a rail corridor, and a de-
tailed parking survey that includes information on parking demand and supply.
Srinivasan and Bhat (2008) in their descriptive study of activity patterns explored

joint participation with both household and non-household members and examined
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the generation, location, and scheduling of joint activity episodes. Such an explora-
tory analysis is a necessary first step in informing the development of activity-based
travel demand models that adequately capture joint participation in the activity and
travel episodes. By using data from the American Time Use Survey (2003-2004) in
which participated 34,693 persons, they found that about 30% of individuals under-
take one or more out-of-home (OH) activity episodes with household members on
weekdays, and about 50% pursue OH activity episodes with non-household com-
panions on weekdays. The results of this analysis highlighted the high levels of joint
activity-travel participation by individuals. Further, independent activities are found
to be different from joint activities in systematic ways. Specifically, joint episodes are
of longer durations, significantly likely to take place at the residence of other people,
and often confined to certain time periods of the weekday. Also, within the class of
joint episodes, significant differences are also observed based on activity type, com-
panion type, and the day of the week. Finally, they also found a strong influence of
socioeconomic characteristics (such as gender, employment characteristics, house-
hold structure, the presence of children, and income) on how individuals spend time
with different types of companions.

Kato and Matsumoto (2008) propose a Tobit-type joint time allocation model in the
context of a nuclear family with a child (a representative child). The model adopts a
particular case of the multi-linear and iso-elastic household utility, i.e., the additive
type of household utility (Zhang et al., 2002; Zhang and Fujiwara, 2006). It refines the
studies in three ways (Timmermans and Zhang, 2009). First, a child is explicitly
introduced into the model, even though the multi-linear and iso-elastic models can
be theoretically used to represent the influence of children. Second, the newly de-
veloped model incorporates not only the constraint of available time but also that of
the monetary budget. Third, the new model explicitly represents the occurrence of
activity (i.e., whether an activity is performed or not) by using a non-linear Tobit-type
modeling approach. For the model estimation, Kato and Matsumoto used data from
a paper-based household survey that they conducted in Tokyo and Toyoma in 2003
with a total sample of 1432 participants. The empirical analysis of the model reveals
the common characteristics between the two cities - with respect to the child’'s gen-
der; the husband’s weekly non-working days, allowance, and job; and the wife's age
and job - that significantly influence the household’s welfare. The analysis also re-
veals different characteristics between the two cities. First, the greater the number
of children in a household, the higher is the significance of the husband and wife's

joint out-of-home leisure activity on a weekday for household welfare in Tokyo
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(mega city), and the lower is the same in Toyama (local city). Second, the greater the
non-working days of the husbands, the lower is the significance of their individual
out-of-home leisure activities on a weekday for household welfare in Tokyo and the
higher is the same in Toyama.

Wang and Li (2008) present a model of household time allocation with the consid-
eration of hiring domestic helpers. The modeling methodology adopted is similar to
the one proposed by Kato and Matsumoto (2008), but it is unique in the sense that
it deals with the influence of domestic helpers on household time allocation behav-
ior. The model assumes that the utility of hiring a domestic helper is inherently re-
lated to the time allocation behavior of household members. Such modeling ap-
proach reflects the fact that domestic helpers impose a continuing influence on the
household across a given period. To estimate their model, they used trip diary data
from the Hong Kong Travel Characteristics Survey conducted in 2002. The final sam-
ple used for this study involves 10,381 households, of which about 11.7% or 1210
households have live-in maids or full-time domestic helpers. Even though hiring
domestic helpers is a common practice in some limited Asian countries and regions
such as Singapore, Hong Kong and the mainland of China, it could also have its
specific policy implications with the increase of women (especially the married
women) participating in the labor market in the context of other countries and
regions. The paper provides a logical and operational method to represent the in-
fluence of some specific persons on household time allocation behavior. These
persons could include not only the domestic helpers but also the extended family
members such as parents of household heads (Timmermans and Zhang, 2009).
Zhang et al. (2008) develop a new type of household discrete choice model by inte-
grating different types of household choice models based on latent class modeling
approach under the principle of random utility maximization, where household util-
ity function at each model is defined to reflect its members' preferences and intra-
household interaction theoretically. A latent class corresponds to a group decision-
making mechanism. The proposed model can deal with not only the choice situa-
tions where multiple household members involved in the joint decision are known a
priori but also the situations where the involved members are unknown. As a case
study, three types of household utility functions are dealt with: multi-linear, maxi-
mum and minimum types, in the context of couples’ car ownership behaviors. Using
the data collected from household members over 15 years old in two Japanese cities
(Hiroshima City and one of its satellite cities, Higashi-Hiroshima City) in 2004, they

found that changes of utility combinations result in very complicated variations in
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both signs and values of the model parameters and choice probabilities by multi-
linear utility show small variations across different combinations.

Arentze and Timmermans (2008) describe the household behavior based on the
concept of need in the context of multi-day, multi-person activity participation. The
need of household or its member is the source of motivations to perform various
activities, and the change of need consequently generates the utility. The authors
introduce the concept of potential to illustrate how and how much activity could sat-
isfy the certain need of a household and its member(s). Intra-household interaction
is represented in several ways. First, it is proposed to use a weight that a household
assigns to the household needs about the weight that a household member assigns
to his/her personal needs. Accordingly, altruism-selfishness is implicitly incorpo-
rated. Then, an exchange procedure is further proposed to reflect the fact that the
household members “use joint decision rules first to make their agendas consistent
and next to see whether personal re-allocations could improve the group result. The
joint decision rules are introduced to properly evaluate the influence of disagree-
ment between household members on the selection of household activities and the
allocation to members. Since the need may vary over time, a dynamic
microsimulation approach is proposed.

Spissu et al. (2008) presented an analysis and modeling of weekly activity-travel be-
havior using a multi-week activity-travel behavior data set with 5,561 discretionary
activities on 5,936 days, collected in and around Zurich, Switzerland. Her survey fo-
cuses on six categories of discretionary activity participation (namely: 1. OH social,
2. OH meals, 3. OH sports, 4. OH cultural, 5. OH leisure, 6. OH personal business,
and 7. Other) to understand the determinants of and the interpersonal and intra-
personal variability in weekly activity engagement at a detailed level. A panel version
of the Mixed Multiple Discrete-Continuous Extreme Value Model (MMDCEV) that ex-
plicitly accounts for the panel (or repeated observations) nature of the multi-week
activity-travel behavior data set was developed and estimated on the data set. The
panel MMDCEV model allowed the researchers to quantify and assess the relative
magnitudes of within-individual week-to-week variation and between individual var-
iation in the preference for discretionary activities. The analysis revealed that week-
to-week intra-individual variation is greater than inter-individual variation in discre-
tionary activity participation for virtually all activity categories, suggesting the im-
portance of collecting and analyzing multi-period activity-travel data in the context
of discretionary activity participation. The greatest inter-individual variance occurred

in sports activity participation.
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A unified model of activity type choice (generation), time of day choice, mode
choice, destination choice, and time use allocation (duration) was proposed by Eluru
et al. (2010) and estimated on a survey sample data set drawn from the 2000 San
Francisco Bay Area Travel Survey (BATS). The model system constitutes a joint
multiple discrete-continuous extreme value (MDCEV) - multinomial logit (MNL)
model. In the model, all discrete choices, except for destination choice, and the
continuous duration dimension are modeled using the MDCEV, and destination
choice is modeled as an MNL (with a sampling of alternatives) nested and therefore
integrated with the MDCEV model component. The parameter estimates of the joint
model offer behaviorally intuitive results that support the integrated treatment of
these choice dimensions as a choice bundle.

Ferdous et al. (2010) proposed a multivariate ordered-response system framework
to model the interactions in non-work activity episode decisions across household
and non-household members at the level of activity generation. Such interactions in
activity decisions across household and non-household members are important to
consider for accurate activity- travel pattern modeling and policy evaluation. They
address this estimation problem by resorting to the technique of composite mar-
ginal likelihood (CML) that is based on the classical frequentist approach. The em-
pirical analysis uses data drawn from the 2007 American Time Use Survey (ATUS).
The results underscore the strong linkages in the activity episode generation of
adults based on activity purpose and accompaniment type. More specific, the results
indicate the presence of distinct gender effects in activity type participation and ac-
companiment. Men are less likely than women to participate, across all companion
types, in family care activities, maintenance activities, and non-maintenance shop-
ping activities. The extent of this linkage varies by individual demographics, house-
hold demographics, the day of the week, and season of the year. The results also
highlight the flexibility of the CML approach to specify and estimate behaviorally rich
structures to analyze inter-individual interactions in activity episode generation.

In another survey, Choo et al. (2012) focused on weekend trips and compared travel
characteristics on weekends with a weekday. Their study explored characteristics of
travel behavior on weekends through descriptive analyses such as t-tests and
ANOVA tests on socio-demographic variables. Also, they developed three Tobit
models for trip frequencies (number of daily trips) of weekday and weekends to
identify key factors that significantly affect travel behavior. Data for this study came
from a 24-hour household travel diary survey conducted in the Seoul Metropolitan

region through face-to-face interviews in 2006. The sample size of the survey is
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230,900 households, while the survey for weekend travel was performed on 11,545
households in the same week. Findings reveal that travel characteristics are signifi-
cantly different between weekday and weekends. Youngers have more trips on
weekdays and Saturday but fewer trips on Sunday. Also, results indicate that
weekend travel is affected by various household (household size, number of cars in
a household, household income, residence area, type of house, and presence of
preschoolers) and personal (gender, age, occupation, employment status,
workweek type, and presence of a driver’s license) attributes. Finally, they found that
weekend travel behavior is more strongly affected by geographical and cultural
characteristics of the country or the city than socio-economics and demographics,
and they suggested that travel demand models for weekends need to be different
from weekday as well as by region or country.

Liu and Deng (2008) presented an on-going effort undertaken by New Jersey De-
partment of Transportation (NJDOT) to develop statewide weekend travel demand
forecast and mode choice models for New Jersey by balancing state of the art re-
search and practical modeling applications for multiple agencies. They examined
the unique characteristics of weekend travel with several travel survey data sources
(e.g. RT-HIS, NPTA and NHTS); reviewed existing travel demand forecast models by
various organizations in New Jersey (e.g. NJTPA, SJTPO, DVRPC, NYMTC, NJ Transit
and NJ DOT); and developed a statewide weekend travel demand forecast model
that can be incorporated into the existing long-range transportation planning
process at both metropolitan and state levels.

Bhat and Misra (1999) studied a utility-maximizing resource allocation problem for
the allocation of total weekly discretionary time of individuals between in-home and
out-of-home locations and between weekdays and weekends. A model was
formulated and applied to an empirical analysis using 1985 time-use survey results
conducted in the Netherlands. The analysis considered household socio-de-
mographics, individual socio-demographics, and work-related characteristics as the
explanatory variables. The age of the individual was regarded as the most important
factor determining discretionary time split with older people having a strong in-
home orientation. Other factors such as the number of young children, adults and
autos in the household, gender, work duration on weekends and travel time to work
also affected discretionary time split.

Sall and Bhat (2007) developed a model to examine the spatial and temporal char-
acteristics of weekend work episodes. Empirical analyses were conducted using

2000 San Francisco Bay Area Travel Survey data. The results indicate the important
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effects of day of the week, individual demographics, work-related variables, house-
hold characteristics, and location variables on weekend work participation charac-
teristics. Females were less likely to work over the weekend compared to males,
avoiding starting work early in the morning or late in the evening. Self-employed
individuals were more likely to work at home and individuals working with a flexible
work schedule showed less preference to work on weekends. Persons who worked
at home were likely to work shorter durations and start their work activity later in the
day. The seasonal and location effects were not statistically significant.

Bhat and Srinivasan (2005) analyzed the frequency of participation of individuals in
out-of-home non-work and non-school episodes over the weekends. A multivariate
mixed ordered response model accommodating the effects of explanatory variables
and capturing the dependence among the propensity to participate in different ac-
tivity types was developed and applied to the 2000 San Francisco Bay Area Travel
Survey data. Single parents and adults in households were more likely to participate
in physically active recreational episodes. Individuals who lived alone and adults in
couple families were more likely to participate in recreational activities than another
non-single parent. Adults in households with children participated less in mainte-
nance shopping and personal business activities on weekends and more in commu-
nity and pick-up/drop-off activities.

Ashish (2004) provided a comprehensive analysis of weekday and weekend travel
patterns, utilizing the 2001 NHTS data. Urban area size identified differences and
similarities between the two patterns. Weekend and weekday travel behavior mod-
els were developed to capture the relationships of socio-demographics, activity
durations, and travel duration, based on the structural equations modeling that
provide various direct and indirect effects inhibited in the relationships among them.
Females were found to make more trips and activities than males on weekdays, while
a reverse trend was shown on weekends. High income led to less time on weekend
subsistence activities, and the number of children had a positive effect on the social
activity duration. Slightly more person miles occurred on weekends than weekdays.
However, the total vehicles miles traveled by household were longer on weekdays
because higher occupancy vehicles (SOVs) were preferred for longer trips on week-
ends.

Kim et al. (2004) analyzed the weekend travel behavior changes due to a 5-day work-
week instead of a 6-day one. Activity participation and travel behavior were
compared between two population groups, those currently working five days and

six days a week. Multilevel structural equation models were developed using the
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2002 Seoul Metropolitan Area Transportation Survey. The relationships among so-
cio-demographics, activity participation, and travel behavior within households as
well as between household models were found. The effects of variables were signif-
icantly different between two groups. In the within-household model, single women
and those with a high level of education spent more time on leisure activities on
Saturday. In the between-household model, households having more students par-
ticipated in fewer recreational activities, while household income growth resulted in
leisure activity and travel time increases.

A few modeling approaches were attempted using the 2000 San Francisco Bay Area
Travel Survey data. Bhat and Gossen (2004) formulated a mixed multinomial logit
model for the type of recreational activity episodes of individuals on weekends. The
choices include in-home, out-of-home, and pure recreational episodes. The effects
of household and individual socio-demographics, land-use and density variables,
and episode participation attributes were analyzed in detail. Individuals preferred
recreational episodes in the morning and pursued in-home recreation on Sundays.
Land-use and density’ impacts on weekend recreation choice were not substantial.
With regard, the activities and mode choice, Guojun Jiang et al. (2012) investigated
the interdependency between bicycle usage and activity patterns and capture the
decision order between them. To achieve the research objective, data was extracted
from the household travel survey in the urban area of Bengbu, China. The final sam-
ple contains 5632 valid cases. The co-evolutionary approach combined with MNL
model was used to capture the interrelationship between bicycle usage and activity
patterns. The analytical procedure included five steps: sort of bicycle usage and ac-
tivity patterns, statistical analysis, MNL model specification, co-evolutionary model-
ing process and the final model evaluation. It turned out that on average 4.25 cycles
were needed to reach a final decision for both bicycle usage and activity pattern
choice facets. The model estimation results showed that in most the cases, activity
pattern is made in before mode choice. In other words, travelers took the decision
on bicycling or not according to the pattern of their daily activities. Furthermore, this
study also found that the patterns of subsistence activities had larger impacts on the
choice of a bicycle compared to the maintenance and recreational activities. The co-
efficient of gender indicates that compared to women, the probability of bicycling
among men is higher. People with the age of 20 to 60 seem to be the most frequent
bicyclists. Compared with employees and students, self-employed or retired people

are less likely to bicycle. The probability of bicycling also decreases if an individual
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holds a public transport card. Annual household income and car ownership are neg-
atively related to bicycle usage. It implies that maintenance or recreational activities
would be more determined or influenced by bicycle choice than work related activ-
ities.

Ye et al. (2007) considered three different causal structures for links between trip
chaining and mode choice. The first structure assumed that trip chaining pattern was
determined first and influenced mode choice while the second structure was the ei-
ther. In the third structure, both trip chaining and mode choice were determined
simultaneously. The first two structures are estimated within a recursive bivariate pro-
bit modeling framework that accommodates error covariance. The simultaneous
logit model is estimated for the third structure that allows a bidirectional simultane-
ous causality. The analysis and model estimation are performed separately for work
tour and non-work tour samples drawn from the 2000 Swiss Microcensus travel sur-
vey, which trip dataset includes 103,376 trips reported by 29,407 interviewed per-
sons. Model estimation results showed that the need to make a complex tour in-
creases dependency on the auto mode. In addition, it was found that demographic
and socio-economic characteristics, the tour’s primary purpose, and time-of-day sig-
nificantly influence mode choice and tour complexity. It was found that the causal
structure in which trip chain complexity precedes mode choice performs best for
both work and non-work tour samples.

Ben-Akiva (2007) gave a new extension to activity-based modeling by investigating
the happiness of the travelers. The prevailing hypothesis is that activities are planned
and undertaken to satisfy needs so as to maintain or enhance subjective well-being
(Abou-Zeid and Ben-Akiva, 2009). In 2012, Abou-Zeid and Ben-Akiva (2012a; 2012b)
presented an empirical analysis and a theoretical analysis of the relationship be-
tween well-being and activities. The empirical analysis consisted of an exploratory
model of the effects of activity and travel well-being on the propensity to participate
in activities. Using a convenience universal sample of highly-educated commuters,
they found significant correlations between activity/travel well-being and activity
participation for several different activity types: the greater the happiness while per-
forming an activity and the greater the satisfaction with travel to the activity, the more
frequently an activity is conducted. The theoretical analysis consisted of developing
a model framework for the extension of activity pattern models based on the activity
schedule approach (Ben-Akiva et al., 1996) which structures the day into an over-

arching activity pattern and then determines the timing, destination, and modes of
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tours and trips comprising the pattern. They presented two extensions to these mod-
els. The first extension was econometric and attempted to better estimate the utility
of an activity pattern by adding a measurement equation where satisfaction with a
pattern was used as an indicator of its utility. The second extension was behavioral
and attempted to formulate the activity pattern utility to account for the behavioral
process of activity generation, based on the idea that activities are conducted to sat-
isfy needs (Murukami & Wagner, 1999).

2.3 Travel Behavior Research - Choice

models

A series of previous studies have pointed out the importance of the symbolic-driven
and instrumental perception of vehicles, pro-environmental stance and other per-
sonality traits in the car or fuel type preference.

One of the first scientific works modeling vehicle choice can be traced back to the
80s (Manski and Sherman, 1980). Using an MNL model they described households'
choice probabilistically on a yearly basis. Variables used in the experiment design
include: “vehicle seating capacity, luggage capacity, weight, acceleration time, noise
level, scrappage probability, price, operating cost and of a search-transactions cost
associated with entering the vehicle market.” At this early stage of vehicle choice
models, environmental issues are not regarded as utility estimators. However, one
can attest to the presence of noise level, although it remains unclear throughout the
paper whether the noise level is the perception of the in-vehicle passengers about
the engine noise or if it's the noise the vehicle produces to its vicinity. A prominent
result of this early study is the correlation of household size with the optimal seating
capability of the vehicle. A non-expected result was the strong preference for slower
vehicles over faster ones.

Subsequently to these early approaches, researchers began to re-focus their atten-
tion to various aspects of purchasing behavior and alternative fuel vehicles choice.
This created a fused category of vehicle choice models: the models aiming to predict
who is more probable to buy an alternative fuel vehicle. Potoglou and Kanaroglou,

(2007) investigate "household demand and willingness to pay for cleaner vehicles.
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In their literature review, they report that most of the papers they reviewed had Cal-
ifornia set as their study area (Dagsvik et al., 2002) limiting, the variety of input. Po-
toglou and Kanaroglou, (2007) offer results from the Canadian urban context, using
a discrete choice experiment with three choices and with attributes including fuel
type, purchase price, annual fuel, and maintenance cost, fuel availability, accelera-
tion, incentives (HOV lanes, low taxes, parking), and pollution level. The estimated
model (nested mnl) reveals a strong influence of individual preferences in stimulat-
ing demand for Alternative Fuel Vehicles (AFVs). Tax-free purchases and vehicles
with reduced emission levels are strong incentives while access to HOV lanes and
free parking do not affect preference towards cleaner vehicles.

Shafiei et al. develop an agent-based model., (Shafiei et al., 2012) in Iceland to in-
vestigate the market share evolution of passenger vehicles in the country. The paper
uses an integrated form of MNL which “includes the utility of consumers and the ef-
fects of social exposures,” incorporating the stimulation of the processes of word-of-
mouth, social influences, imitation and trend setting. Using a synthetic population
and a repetitive algorithm containing choice branches about an individual's pur-
chase possibility as determined by social groups and the lifetime of the existing ve-
hicle, the model predicts an agent’s probability of buying a specific type of vehicle.
Vehicle attributes on the experiment include Vehicle name and manufacturer, fuel
type, purchase price, fuel consumption, luggage capacity and acceleration. The re-
sults of the model predict that electric vehicles can be adopted in a 20-year horizon
and have a 1:1 ratio to ICE (internal combustion engines) in the moderate and favor-
able scenarios developed in that paper. The greatest concerns for the adoption (or
not?) of electric vehicles are the reduction in import taxes and recharging issues.
Finally, the paper strongly correlates the vehicle choice with the driving patterns of
an individual, revealing that it is harder for someone with a long daily driving range
to overcome the anxiety involved with recharging his vehicle, in the electric vehicle
case.

He et al. attempt a similar examination of the relation between vehicle usage and
consumer choice of hybrid electric vehicles., (He et al., 2012). Using a hierarchical
choice modeling framework, they identify market segmentation through principal
components analysis and they designate certain individuals as hybrid drivers based
on the hybrid attribute of the vehicle they were driving at that time, creating thus, an
additional weight for this portion of the sample. Results reveal that the vehicle attrib-

ute of interest is driven distance; the paper concludes that vehicle usage is another
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dimension of the overall consumers’ choice, in addition to the consumer profile at-
tributes which cannot fully explain differences in vehicle use.

The question of the possible buyer of AFV vehicles is further answered in two papers.
Plotz et al., (2014) attempt to identify potential early adopters of electric vehicles in
Germany. Results of the paper reveal that, most likely, early adopters of Electric Ve-
hicles in Germany are the middle-aged men, with technical professions, living in ru-
ral or suburban, multi-person households.

Petschnig et al., (2014) use a form of Theory of Innovation Adoption to create an
integrative AFV adoption model where perceived innovation characteristics affect
attitude towards an AFV which combined with personal and subjective norms affect
the intention to adopt such a vehicle. Perceived innovation characteristics such as
ease of use, observability, ecology, image, design, profitability, physical and func-
tional risk, trialability, compatibility and relative advantage are examined allocating
a positive or adverse effect on the intention to adopt depending on various indica-
tors for each perceived innovation characteristic. Structural model results allocate a
value depending on the importance of each characteristic to formulating an attitude.
Compatibility turned out to be the most prominent characteristic of attitude for-
mation followed by design and image. Compatibility includes the consistency of hy-
brid vehicles with previous driving habits, as well as, availability of necessary refuel-
ing infrastructure. Trialability and Observability were not found to be as influential as
previous research indicated. In addition, functional and physical risk were not found
to be as influential as it could be expected. Authors argue that in other studies when
risk is modeled with other characteristics it does not have a strong effect on resistant
behavior and consequently, does not represent a strong barrier in the choice of
adopting a hybrid vehicle.

Ziegler, (2012) examines the preferences for alternative-fuel vehicles in Germany, a
country that has set goals of transition to electro-mobility within a short period. The
paper uses data from car dealerships and technical inspection agencies from 35 dif-
ferent locations around Germany, using a Computer Aided Phone Interview survey.
The experiment presents purchase price, motor power, fuel costs, CO2 emissions
and service station availability as attributes. The fuel types available in the experi-
ment are more than the average paper: Gasoline, Diesel, Hybrid, Gas (LNG or LPG),
Biofuel, Hydrogen, and Electric. In the descriptive statistics of the paper, Electric
ranked at the bottom of the choices (8.67%) with Gas and Diesel being at the top.
The first, significant, finding of this paper is that through the MNL estimation it is

revealed that even if all attributes are equal (horsepower, purchase price, other), the
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respondents have lower utility for AFVs. This has major policy implications, as the
policy makers should initially focus on making electric vehicles, or AFVs in general,
susceptible of being widely accepted by the public. The second finding is that horse-
power and service station availability have a positive effect while fuel costs and price
have a negative effect regardless of the type of vehicle. This supports the popular
opinion that policy measures such as “green taxation” could be successful promot-
ing AFVs. The paper concludes by pointing out that the goal to release 1 million
electric vehicles on the street by 2020 in Germany was difficult to reach, and policy
makers should focus on certain related policies in order to promote the use of AFVs.
It also points out that potential buyers of AFVs can be found within the younger age
groups and evaluates the high positive impact of environmental awareness on the
SP of biofuel vehicles.

Daziano and Bolduc, (2011) go a step further and attempt to incorporate pro-envi-
ronmental attitudes in the decision-making process of buying an AFV through a
Bayesian Hybrid Choice Model (HCM). They use a latent variable (EC - Environmental
Concern) with two categories of indicators. One with statements on the support of
certain transport policies (Bike lanes, HOV, Road Tolls, Gas taxes, etc.) and another
with statements on the gravity of transport problems (Traffic noise, Traffic
congestion, etc.). The alternatives to the model are a Standard gas vehicle, AF vehi-
cle, Hybrid vehicle and Hydrogen vehicle. Unsurprisingly, the latent variable has a
significant positive effect on the choice of an alternative fuel vehicle and has the
highest effect on the Hydrogen fuel cell vehicle. Results of the structural equation
model link PT users with the latent variable than carpool users. Measurement model
results shed light into which precise transport policies and problems are related to
the latent variable: expanding and upgrading roads has a negative relation but HOV
and transit priorities a positive one. In addition, environmentally conscious individu-
als consider poor air quality to be the biggest transport problem.

The symbolic attributes of AFVs were the center of the attention for a UK study
(Skippon and Garwood, 2011), which used a Real-Life experience of electric vehicles
to “reduce psychological distance” of the participants. The participants who widely
acknowledged the environmental benefits of using AFVs. The study discusses sev-
eral instrumental attributes such as willingness to pay higher capital costs for lower
running costs, performance issues, recharging time and place and other relevant ve-
hicle attributes. However, it is pointed out that the symbolic attributes of the re-
spondents that would make them ideal candidates to purchase an AFV were: Open-

ness, Conscientiousness, and Agreeableness. This pattern unfolds in many relevant

71



studies, and it could be defined as an alternative symbolic perception of vehicles,
the symbolic perception of AFVs.

Instrumental perception has been discussed in many studies, focusing on the limita-
tions of AFVs, such as higher costs and lower autonomy. The interpretation of vehicle
performance is considered by Skippon (2014) who presents an extensive literature
review on how different instrumental factors are evaluated and groups them into in-
dependent dimensions: dynamic and cruising performance. Factors are grouped
into independent dimensions: dynamic and cruising performance; in dynamic per-
formance, the driver engages actively in the change of status of the vehicle, while in
cruising performance the driver maintains the condition of the vehicle. Once again,
the openness to ideas, pro-environmental and pro-social values pattern are related
to the preference of electric vehicles. EVs are perceived having a good cruising per-
formance.

Pro-environmental attitudes are one of the most popular attitudes to be linked to the
favorability of AFVs. Tsouros et.al. (2015c) use a hybrid choice model to investigate
the relationship of pro-environmental attitudes with a future car purchase. Results
indicate that people holding pro-environmental values are more likely to buy a hy-
brid car independently of macroeconomic scenarios or incentives such as green tax-
ation. However, Potoglou and Kanaroglou (2007) find that various incentives such as
free parking are not significant, but other such as tax relieves are.

Axsen et.al. (2015) study preference and lifestyle heterogeneity between potential
Plug-in electric vehicle (PEV)s users in Canada. Interesting findings include that
household income does not significantly differ between the lifestyle constructed life-
style classes, while a variation of interest in vehicle types, valuation of fuel savings,
environmental concern and level of education were far more determining factors.
Members of the most pro-EV class have the highest standards of technology and
environmental oriented lifestyle. This is an indicator that potential PEV buyers can be
hardline pro-environmentalists but also technology and gadget enthusiasts, two so-
cial clusters that are not always overlapping.

Correlation between technology enthusiasts and AFVs is discussed in other research
papers also. Noppers et.al. (2015) link earlier innovation adopters with a stronger
intention to purchase an electric vehicle. Also, early adopters tend to value more the
symbolic attributes of an electric car, much more that later adopters.

Schuitema et.al., (2013) investigate the relationship of instrumental, hedonic and
symbolic attributes with the choice to purchase an electric vehicle using OLS linear

regression analysis. Study results reveal that while previous research had concluded
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that instrumental attributes of electric vehicles such as driving range are the most
important factors affecting the purchase decision, symbolic and hedonic attributes
are more important. However, the perception of the instrumental and symbolic at-
tributes are vehicle specific, for example, people in this survey tend to regard Battery
Electric Vehicles as having less instrumental value (particularly their driving range)
which results to less joy and consequently more negative symbolic attributes.

In their recent work, Zoepf and Keith (2016) study and model user decision making
in the car-sharing context using stated preference experiments. Among other find-
ings, they find that car-sharing users widely prefer hybrid vehicles, more precisely a
much larger exposure of car sharing users to hybrid vehicle technology (400 to 1)
from regular, household owned vehicle users.

The future penetration of CAVs is also a very frequently research topic, especially
during the last years. As Kyriakidis et.al., (2015)reveal, using a 5000 respondent in-
ternet survey, almost 70% respondents think that fully automated vehicles will reach
50% of the market by 2050. To model the level of automation they use the levels
designed by Wending (2014) and Smith (2014). A contribution of this study is the
presentation of the public opinion of CAVs in a global perspective, not only in west-
ern countries as most of the previous studies (for example see: (Howard, 2014; Payre
etal., 2014)) do. Findings include the popularity of manual driving, seen as the most
enjoyable mode of driving by individuals but also the fascination about automated
vehicles. Key concerns are about hacking and misuse of vehicles. Finally, people are
most willing to pay for a fully automated driving car, while the step from “partially to
highly automated driving was not considered worth extra money.”

In another CAV study, Bansal et.al., (2016) assess the public opinion about
automated vehicles and new vehicle technologies in general in Austin, Texas. Re-
garding adoption timing of automated vehicles, the researchers found out that older
people, leaving far from work are more likely to adopt an AV when most of their
friends do, while younger aged people living in urban areas are likely to adopt with
less dependence on their friends’ behavior. Also, results indicate, that individuals
who drive more are more apt to adopt automated vehicles and to spend more
money on a fully automated product. Finally, higher-income, tech-savvy males in ur-
ban areas are found to be more interested in CAVs. This finding may be a hint to-
wards to what context of the latent variable will be useful to measure attitudinal

stances towards CAVs.

73



2.4 Conclusions

Concluding, sustainable transportation is often considered a big city issue. However,
to maintain economic and environmental health, and ensure equitable access to key
services such as employment, educational institutions, and medical services, smaller,
rural and insular communities also need to find solutions to increase mobility options
for their citizens. The case studies in this section presented the best practices of
some capital cities, but more attention was paid to the best practices of medium and
small-sized European cities, which in the past faced similar transport situations with
Chios island and through simple transport planning, policies and campaigns man-
aged to become sustainable and green.

The review of the best practices indicates that the planning of green transporta-
tion policies, begin by conducting a review of relevant existing facilities and a survey
for collecting accurate data about citizens’ transport needs. The data analysis could
provide to local authorities a valuable source of information in order to develop their
policies. Once the policies are developed and applied the establishment of
monitoring and evaluation procedures is necessary. In this context, a green trans-

portation plan and system should:

- Encourage the modal shift from private cars towards public transport and non-
motorized.

- Increase the share of non-motorized transport (walking and cycling).

- Avoid or reduce unnecessary or undesired mobility.

- Facilitate access to a regular, frequent, comfortable, modern, competitively
priced, well-linked network of public transportation.

- Promote the selective and rational use of private cars with a preference for
clean, quiet, energy-efficient vehicles powered by renewable or alternative
fuels.

- Provide an accessible environment suitable for everyone. Accessibility does
mean not only easy to reach but also easy to use. When talking about acces-
sibility, every citizen is concerned not only disabled and older people. Also,
children, an often forgotten target group, need to be considered, as they still
need to learn how to move around independently and safely.

- Provide safe routes to all road users (pedestrians, cyclists, drivers).

- Provide accurate and real-time information and orientation to all road users.
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- Consistently educate and train the road users of all ages about green trans-
portation issues.

- Make the most efficient use of land.

- Be actively managed in an integrated manner with the participation of all the
stakeholders and public consultation.

- Have short, medium and long-term objectives with an effective monitoring

system.

Several conclusions regarding the experience to date with activity-based modeling

can be drawn:

- There are a growing interest and an increasing number of applications of
travel demand models of the new generation. These important properties of
the new models include an activity-based conceptual platform, the focus of
the tour as the base unit for the modeling of travel, and the use of a
microsimulation technique that operates on households and persons at the
fully-disaggregate level. The new generation of models brings much stronger
behavioral realism to the travel demand forecasting process, by ensuring an
internal logical consistency among the various activity/travel components for
each household, person, and tour.

- Although these new modeling structures are evolving rapidly, following
somewhat different specific paths of developments, it is already possible to
summarize the important new structural features of these models. Among
them is the explicit incorporation of intra-household interactions, a significant
and important new component that has been entirely missing in the conven-
tional travel demand models (Davidson et al., 2007).

- The new generation of models is based on the detailed classification of activ-
ities and travel segmentation. In particular, activities are grouped by type
(mandatory, maintenance, discretionary) and setting (individual, allocated,
joint) where a special modeling technique is applied to each particular type
and setting.

- The skeleton of the new travel demand model can be outlined as a sequence
of conditional choices that include long-term level decisions, daily pat-
tern/schedule level, tour level, and trip level.

- The disaggregate travel diary information obtained through home interview
surveys remain the empirical foundation for the estimation of the travel de-

mand model, including activity-based models. However, given the increased
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emphasis on activities themselves, and the need for the data to clearly identify
household interactions, certain aspects of the home interview survey data
collection deserve more attention to assure completeness and accuracy. This
is especially relevant for activities undertaken jointly by several household
members and also in-home activities.

- The analytical structure of the new generation of activity-based tour-based
models in the application is fundamentally different from the conventional ag-
gregate models. Instead of fractional-probability calculations at the level of
origin-destination pairs of zones, the model is applied at the level of individual
households, persons, and tours with no explicit restrictions on the number of
variables or population/travel segments.

- Itis important to effectively promote the development and application of ac-
tivity-based models and demonstrate their clear advantages to practical plan-
ners in a meaningful way. Demonstrating clearly their practical benefits for
planners and decision-makers seems to be the best strategy for the promo-
tion and eventual widespread acceptance of the new generation of travel de-

mand models.

Summarizing, individuals’ daily activities structure and temporal organization have
been studied extensively. Trip chains and tour structure, time-of-day analysis, and
departure time models have been employed to examine variables influencing
spatiotemporal variations. Our thesis shows that different lifestyles among places
influence the daily schedules of individuals, contributing to the literature regarding
new methods and perceptions of time allocation at different levels, both spatial and
temporal. We find this to be of value because both methodologies used, stochastic
frontier models concentrating on the temporal differences and latent class choice
model on spatial differences, providing useful insight on the effects that lifestyle has
on the observed variance. This includes identifying differences in the complexity of
tours and mode share in Chios and Athens and similarities in other aspects of be-

havior.

The literature review on the future purchase choice of an AFV or a CAV revealed a
broad range of information and knowledge and some gaps that are not yet filled
due to the very recent developments in both technologies. The relationship of atti-
tudes and perceptions, the effect that latent, psychological traits have on the final
purchase choice of the vehicle is the core subject of many of the studies cited in this

section. Ecological conscious individuals are more likely to be associated with the
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purchase of an AFV. Also, individuals that hold a symbolic perception of cars are also
found in most studies to be prone to purchase an AFV. The initial investigation of
public opinion on CAVs reveals that tech-friendly individuals are more likely to state
that they would adopt an automated vehicle. These findings from the literature lead
us to the decision to use three latent variables to model the intention to purchase a
vehicle: Eco-Friendliness, Exuberance, and Tech-Savviness. Chapter 6 describes a
model framework for these three latent variables and tests a part of it, using one
latent variable in a case study on Chios.
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Chapter 3: Methodology

3.1 Introduction

3.1.1 The Island of Chios

Chios Island is in the Aegean Sea, seven miles off the coast of Asia Minor. It is the
fifth largest of the Greek islands, 51320" people live in the main city or the villages
and the towns of Chios. The port of Chios is the main freight and passenger hub,
connecting the island with the neighboring islands of Samos, Lesvos, and Limnos
(itineraries vary, especially in the summer), the cities of Kavala and Thessaloniki and
Greece’s main port, the port of Piraeus. There is also a daily connection between
Chios and Cesme, mainly for tourist purpose (recently also for freight transport).
Chios Airport connects the island with the islands of Lesvos, Samos and Rhodes, and
the cities of Athens and Thessaloniki. Connection with Athens is daily, with Thessa-
loniki most days of the week and weekly for the islands. In the summer months, some
charter flights are connecting Chios with some (mostly northern European) cities.
Chios attracts tourists mainly during the summer season when a lot of Greek Ameri-
cans visit their homes. This is an added burden on the island's road network, consid-

ering that many of them bring their cars together.

3.1.2 Particularities of Chios

Chios Island has some particularities worth mentioning in this study. Chios town, the
capital of the island (also called Chora, mostly by natives) is the center of the island's
transport flows, commercial activity and has a population of approx. 30.000 people.

There is not a second large population concentration in Chios (contrary to what hap-

12011 temporary census results
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pens in otherislands), and the second most populous town is the neighboring Vron-
tados with 5000 population, which is becoming almost a suburb of Chios town, be-
cause of the recent intense urbanization of both areas and their spatial proximity.
Chios town is situated in the middle of a north - south axis which is a prominent ge-
ographical separation of the island areas. As a result, the traffic flowing from north
to south or backward (transit) also flows through Chios town (there is a longer alter-
native, with much worse road condition)

Chios town has developed around the main core of Chios port and along the main
road arteries. The center of the town is developing mainly around the municipal gar-
den and some traditional commercial roads. (Usual land use is for commercial, gov-
ernmental and entertainment reasons).

Study Area

The study area is the whole island. It must be understood, though, that Chios town
plays a leading role in the transport flows of the island. Figure 3 presents the center
of Chios town. A significant portion of the road next to the portis a part of the center.
This fact leads to traffic congestion, whenever a ship unloads passengers and cars in
the island, the situation is worse during summer months. Considering the central
square and the municipal garden as the city center, the circular road around them is
almost always congested during summer months, especially the days and hours

when the local stores are open.
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Figure 3 Center of Chios town
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Socioeconomic Characteristics

In this section, the main socioeconomic characteristics of Chios Island are presented.

In Table 1 the main well-being indicators are presented. In 2009, Chios was the 4t

prefecture in Greece in bank savings (Lyviakis 2009), while back in 2007 it was in the

2"d place, right after Athens. The income of Chios inhabitants is ranked 3¢ among

the 57 Greek prefectures. Furthermore, the unemployment rate in Chios is rather

low compared with the rest of Greek prefectures. Chios has a fair amount of high

school students per 1000 people (ranked 17t in Greece), and also it ranks first at the

university entries per population for five consecutive years.

Table 1 Chios economic indicators (Source Nomoi 2010)

rate

Well-being Reference Year | Chios Country av- | Ranking in

indicator erage Greece (52 pre-
fectures)

Savings accounts | 2009 23,200 € | 18,800 € 2

Income (pp) 2008 16,100 € | 16,700 € 7

Taxes paid (pp) 2008 1,200€ | 1,600 € 11

Population 2008 0 0.9 19

growth/1000 peo-

ple

High school stu- 2009 66 62 17

dents / 1000 peo-

ple

Unemployment 2009 3.7% 9.5% 45

In Table 2, there is a comparison with other island areas (both island states of the EU

and Sicily as a big island part of an EU country). It must be noted that this is an indic-

ative, comparative table that introduces the reader to conditions in island areas.
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Table 2 Comparison with other island areas

Indicator Chios Malta Cyprus Sicily Cor- Ma- Crete
sica jorca

Population | 57.5 1240 82 200 38 240 74.4

Density

(/km2)

Area (km?) | 904 316 9,252 25,711 8,680 3,640 | 8,303

Cars per 420 566 529 583 569 580 410

1000 people

(2009)

Total road 12.8 2.29 3.76 4.1 7.2 4.5 9.5

fatalities per

100.000

population

(2014)

In Figure 4 the population of the island during the last 40 years is presented. As it
can be seen from Figure 4 Chios population 1971-2011there is a decline in the
population in the past decade. This decrease should be attributed to the tendency
of young people to leave the island searching for better work opportunities in larger

national or international cities.
Population evolution
55000
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51000

50000
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49000
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Figure 4 Chios population 1971-2011

Figure 5 presents the unemployment rates in the Chios Island. As shown in the figure
below there is a small decline in the unemployment in Chios. This change is in the

opposite direction of the national trend, (unemployment rise - consequence of the
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economic crisis and the austerity measures). The national rise can be explained by
the national economic crisis that started in 2009, and the consequences are starting
to show up in the unemployment statistics for 2011 (17.47% in Greece, 13,4% in
Chios).

Unemployment (% rate)
30
25 o —
20
15

10

Unemployment rate

2008 2009 2010 2011 2012 2013 2014 2015

— Greece Chios

Figure 5 Unemployment in Chios in comparison with the national percentage

Transportation System Characteristics

Intra-Island Transportation System Characteristics

As already stated, Chios has many vehicles for its population. In Figure 6 a steady
increase in the car ownership, from 2000 until 2009, can be noted. Back in 2007,
there were 38.78 cars for every 100 people on the island (3" place in Greek prefec-
tures, with Athens and Thessaloniki metropolitan areas being the two first). In 2009,

this number rose to 42 cars per 100 people.
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Figure 6 Cars per 100 people

The clear majority of vehicles on the island of Chios can be grouped into the follow-

ing categories:

Number of motorcycles

Motorcycles (motorbikes<50cc and motorcycles over 50 cc)
Passenger cars

Taxis

Buses

Trucks
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Figure 7 Motorcycles per 100 people

Motorcycles are used mostly in Chios town, and their use is popular especially

among young people and teenagers, the majority of which tend to drive without

having a driving license. Due to the island’s rough and badly maintained road
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network, small motorcycles are rarely used for significant distances. However, there
is a rising trend of motorcycle use on the island, as presented in Figure 7. The finan-
cial crisis started in 2010 does not seem to halt the growing trend of motorcycle
ownership resulting in a more than twofold difference between Chios and the rest
of the country.

Road accidents are a major problem of the transportation system characteristics
(Antoniou et al., 2016). As shown in Figure 8 below, the number of traffic accidents
remains at an elevated level (above 30 per year) for the last six years. An even more
disappointing fact is the age of the traffic accidents victims. Over 25% of the fatalities
are aged 18 to 23 years old.

Number of road accidents
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Figure 8 Road accidents in Chios

Suburban public transport in Chios (between Chios town and the villages), is orga-
nized in a simple network of stops. A fleet of 16 (privately owned) buses and 17
driversis used. The age of the fleet is relatively young, as the old buses were recently
(ktelchios.gr 2015) replaced by new ones of 40-50 seats.

Urban public transport has also been upgraded recently with the scheduling of fre-
quent mini buses, from and to parking areas outside the center of Chios town, to
improve the traffic congestion in the center. The main bus line connects areas

around Chios town (from northern suburbs - Vrontados to Kampos and Nechori in
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the south). These urban bus lines pass through the main roads in the center adding
stress to the already high traffic burden.

There is a growing trend for bicycles in Chios. While there is not much official evi-
dence, only the observation of bicycle sales growth during the last 5 years, (to
support this fact, the daily local experience shows that more people (mainly those
that live in or near Chios Town) chose the bicycle as their main transport means. Road
surface condition is not the ideal for bicycle use, and there has not been any recent
planning for bicycle lanes.

Inter-Island Transportation System Characteristics

The passenger market structure is depicted in the following figure. A passenger has
the choice of airplane or ship to move to Athens or another city. The main transport
hub in and out of Chios is Chios town (airport and port), but there is the alternative
of Mesta port, located in the southwest of the island (mainly preferred by southern

Chios locals).

Passenger

Ship from Airplane from Ship from
Chios port Chios airport Mesta port

Figure 9 Passenger market structure in Chios

In the freight market case, the shipper (receiver) has the choice of airplane and plane
again, but the airplane is used mostly for light and valuable cargo as well as for
printed press arriving early in the morning with the first plane landing from Athens.
A significant majority of truck owners chose the Mesta port alternative for cost rea-

sons.
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Freight

Figure 10 Freight market structure in Chios

Light and/or Heavy careo
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There exists observed seasonality in the passenger movement of Chios harbor.

While during the winter months passenger movement is limited to around 10.000

passengers arriving at Chios port every month, in July the island was visited by as

many as 34.000 passengers (Chios Port Authority, 2016). The small peak during April

is explained by the tourists and local students visiting the island for the Easter.

Land Use Characteristics

Table 3 presents the changes of land use in Chios from 1991 to 2001. The most

rapid change is observed in the growth of land used for residential purposes. Private

pastures shrink while there is a small rise in public ones. Forest land is decreased

mainly due to the big fires (primarily during the summer season).

Table 3 Land use in Chios

Pasture Pasture Crops Forest Residen- | Other
Private Public tial
2001 14610 42980 16530 9700 4530 2070
2011 13820 44150 16540 9550 5024 1316
Change -5.41 2.65 0.06 -1.55 9.83 -36.43

Table 3 is based on Greek national statistics service - 2011 census data for the land

use in Chios, the island area is 90.400 hectares, and the distribution of the land use

is the following:
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Forests 9,550 hectares

Public pasture - Bushes - 44,150 hectares
Private pasture - grasslands - 13,820 hectares
Arid land (rocks) - 1,316 hectares

Crops - 16,540 hectares

Residential areas - 5,024 hectares

Chios commercial chamber splits the 3.790 businesses on the island in the following

categories:

Commercial
Small industry
Professionals

Tourism

Categories of commercial activity

Tourism
4%

Professionals
28%

Commercial
35%

Figure 11 Commercial activity in Chios
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3.2 GreTIA - Green transport in islands ar-

eas

This thesis is conducted in the framework of the THALES funded “Green Transport
in island areas - GreTIA” research project. The research project funds the thesis. An
abstract briefly outlining GreTIA follows:
Green development is heavily dependent on transportation through the strong sea-
sonality of transportation demand by residents and tourists exacerbating the impact
of traffic on congestion, noise, and pollution. This project creates a comprehensive
green transport policy, research and development action plan for Aegean island ar-
eas, accounting for the unique characteristics and growth prospects of the area in its
multiple dimensions. This is done through the fusion of ideas, data, and models in
four pillars: cetravel behavior of the resident population, tourist preferences, ceenvi-
ronmental analysis, and economic and financial evaluation.
The project identifies the factors that affect the study area development by:

e defining the requirements of decision makers;

e investigating the individual activity and travel patterns; and

e exploring island destination choice for tourists.
Data collection includes network and land use data that characterize living and trav-
eling environments, surveys for residents and tourists, and atmospheric pollution
data. Based on this information we develop advanced integrated discrete and latent
variable choice models for both tourists and residents to simulate their travel behav-
ior. We also develop environmental and economic models to analyze and evaluate
the impact of green transport policies.
The final product is a policy platform which includes environmental analysis, travel
simulation, and economic analysis. In this way, the project used approaches that are
multidisciplinary (e.g., data collection informed by geography, engineering, and en-
vironmental science) and based on interdisciplinary research (e.g., discrete choice
travel models from economics and engineering) moving one step further in re-
search. Fusion of these ideas, data, and models lead to novel (transdisciplinary) re-
search directions and methods that function as gateways of many other research di-
rections in transportation and environmental science and engineering.
More information about GreTIA, results, presentations and published scientific pa-

pers can be found on the project’'s website (Gretia, 2017)
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3.3 The data collection

One of the aims of the thesis is to point out the richness of information that a GPS
device can collect in an easy and low - cost way. An individual using a GPS logging
device correctly along with his/her daily travel schedule can provide information not
only about the trip ends and the routes but also for speed, travel time, slopes and
altitude or certain routes, delays at junctions or traffic lights, evaluation of public
transport services, and other information.

This can become a breakthrough in data collection, both because of the mini-
mum burden and the low cost but also relative acceptance to use the GPS devices
by respondents. Data collection can be made even more accurate by using a web
interface where respondents can find, review and correct their trips, stops or other
information Sun et al., 2017 (27)

3.3.1 Data quality

The GPS devices used in data collection are Q-Starz - BT1000XT travel logger. The
devices, along with the majority of GPS logging devices can be configured in a cus-
tom way regarding the frequency of logs with parameters ranging from time-
frequency (log every x second), speed parameter (log over x km/hour), and distance
(log every x meters). Every study reviewed has its optimum customization for data
collection. The data used for the present paper is collected as a part of the “GreTIA
- Green transport in island areas” travel survey. The devices are used as a supple-
ment to a two - day activity diary and are customized to log all the modes of
transport. Thus they are not optimized to log bicycle traces. This results in a small
deduction (loss) in data quality for bicycles but at the same time permits the com-
parison of different modes. However, GPS devices used solely for bicycle travel
should be configured in a different way, resulting in optimum data quality. The fol-
lowing settings are recommended for each mode, based on empirical observation

and trial-and-error techniques:

- Car/Motorcycle: Log every 2 seconds or log every 10 meters and log over
3km/h
- Bicycle/E-Bicycle: Log every 4 seconds or log every 5 meters

- Walking: Log every 10 seconds or log every 1 meter
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If data can frequently be uploaded, on a daily basis, a choice of logging every sec-
ond is optimal. This frequent upload results in best data quality, minimum data loss
and minimizes errors that occur due to storage capacity. In cases of travel diary stud-
ies, compromises must be made to capture all modes. In this research the settings
are the following: Log every 2 seconds and log over 2km/h.

Data provided by the devices has to be edited through a data mining procedure
and a specific algorithm that is adapted to the study area. Often data quality issues
show up either in the form of signal loss or drifting problems, provided the device
be correctly configured for the research and its needs. The data mining algorithm

for this study is:

1. The software provided by the GPS devices company Qstarz 2013 (28) has an
automatic “remove drifting points” task, which eliminates a large number of
drifting points;

2. After the initial procedure, all the GPS traces with 0 distance traveled should
be eliminated. These are mainly satellite signal errors;

3. The final task is to remove tracks that contain irregular traveled distance for
the study area of the respective research. In the present research tracks con-
taining distance greater than 500 km were removed. This error is called drift,
caused by signal loss. The GPS logs a track in a long distance from the main
trace;

4. An extra step that can be taken to ensure data quality is to remove traces or
part of traces that contain irregular speeds. In the present study tracks con-
taining speeds greater than 180km/hour were removed. These speeds are

usually much larger than a regular vehicle can travel with.

3.3.2 Data Collection Methodology

GPS devices provide traces from which certain useful information can be extracted.
With the help of GIS software, this information can be geocoded and presented on
maps of the study area. In this way speeds, travel time, slopes and all other data can
be analyzed for every different road segment, from a small link to the whole route.
Four routes with a significant amount of traces were selected as the main routes
for evaluation. Two of these routes pass through the urban area of Chios town, and

two of them are outside the city center. This distinction between the urban area and
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the area outside the city center is important for many reasons that will be discussed
later on but mainly because a lot of trips conducted in the “rural” area are leisure
trips. Both routes outside the city center are coastal routes that have a nice scenery
which positively influences bicyclists’ perception of enjoyment.

The route characteristics examined are: distance, maximum slope and mean
slope. The slope is a factor affecting the use of bicycle and walking, as routes with
steep slopes are considered difficult to walk or bike. Both maximum and mean slope
affect the trip.

Mode characteristics include Mean speed, the standard deviation of speed,
travel time and maximum recorded speed. Travel time is an influential factor in mode
choice. Top speed for electric bicycles is around 30 km/hour, but in some cases,
higher speeds are observed when the bicycles run downhill.

The data mining procedure is done manually for every trace collected. Every
track that passes through one of the routes is examined for the above characteristics
for each respective mode. Then averages and standard deviations are calculated,

and the results are used in the following section’s tables.

3.3.3 Route Evaluation

The initial route choice was made on the elimination of the routes that lack data for
one or more modes. Then the decision that has been made is to choose two internal
routes, passing through the center of the city, and two external ones with one of their

trip ends in the city and the other outside it.

Table 4 GPS measured route characteristics

Route 1 Airport route (coastal) B SRy
Mode characteris- | Car Motor- Regular bi- | Electric | Walking

tics bike cycle bicycle

Mean speed 52.4 49.3 14.4 22.3 5.05

(km/hour)

Travel time 3:28 3:41 12:37 8:09 36

(minutes)

Maximum rec- 93 80 23 30 11.8 (jogging)

orded speed

(km/hour)

Speed standard 4.39 718 1.64 1.68 1.42

deviation

Route 2 Coastal route to Vrontados ~—————
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Mode characteris- | Car Motor- Regular bi- | Electric | Walking
tics bike cycle bicycle
Mean speed 47.8 51.4 15.1 20.4 -
(km/hour)
Travel time 3:51 3:35 12:14 9:04 -
(minutes)
Maximum rec- 88.1 80.5 26.1 34.2 -
orded speed
(km/hour)
Speed standard 7.76 8.20 2.81 6.09
deviation
Route 3 Round route of Chios garden Q/
Mode characteris- | Car Motor- Regular bi- | Electric | Walking
tics bike cycle bicycle
Mean speed 29.4 23.5 15.4 21.8 4.0
(km/hour)
Travel time 0:49 1:01 1:33 1:05 6.0
(minutes)
Maximum rec- 45.9 44.6 25 33 5.2
orded speed
(km/hour)
Speed standard 4.32 4.38 2.05 4.35 0.76
deviation
Route 4 Route from the harbor to the main shopping

area j\\/
Mode characteris- | Car Motor- Regular bi- | Electric | Walking
tics bike cycle bicycle
Mean speed 27.3 23.7 14.2 17.3 41
(km/hour)
Travel time 2:38 3:02 5:04 4:10 17:34
(minutes)
Maximum rec- 53 60 22 27 5.9
orded speed
(km/hour)
Speed standard 4.77 4.69 5.23 3.98 0.99
deviation
Route character- | Route 1 | Route 2 | Route 3 Route 4
istics
Maximum Slope 3.0%/- |3.9%/- 3.0% /- 6.0% / -

2.1% 5.4% 3.7% 5.2%
Mean Slope 0.8%/ 1.4% /- 22%/-28 |2%/-

0.7% 1.3% % 1.7%
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| Distance(km) | 3.03 3.08 0.4 1.2

External routes

Route 1 is one of the main routes from the center of the city to the south of the island.
Also the main route for the tourist region of Karfas and Chios airport. There are two
alternative routes, not passing by the coast. As seen from the results in Table 4, it has
the lowest slope from all the routes in this study. It is a popular route amongst the
local population, used for both workout and leisure walking and biking. The results,
regarding the speed of the modes, reveal that even electric bicycles struggle to
compete with motorized modes’ speeds and travel times. However, the nice scenery
and the relatively wide road can make up for the longer travel times. It is the route
with the most GPS traces passing through it. The standard deviation of the electric
bicycle speeds reveals that a large percentage of the users were biking with speed
over 20 km/hour, most probably using the assisting power of the electric bicycle.
Route 2 is the main route from Chios city to the neighboring town of Vrontados
and the north part of the island. As route 1, this is a busy road, with many different
land uses around it. There are two alternative routes, the one with similar character-
istics, not passing by the coast and the other being the new ring road, longer but
with better technical features and designed for larger capacity. From the results an
average slope is revealed, shown in detail in Figure 13, green bars represent almost
zero slope and as the color shifts to yellow more abrupt slope is represented,
comparing figures 1 and 2, it can be seen that for the part of the route that has a
bigger slope the bicycles speeds are the lowest. For the most of the route, the road
is almost flat, with slopes at both ends of the route. Regarding the mode character-
istics, this is, like the first one, a long route, and bicycle speeds cannot be compared
with those of the motorized modes. As shown in Figure 12 the speed of the car trace
is almost double for the most of the route than other modes. Regarding the car
traces, there are not many abrupt peaks and valleys, same happening with bicycle
traces. This is also a road with many accidents, and in contradiction with the first one
has narrow roads. The latter in addition to the almost double travel times reveal that
this is not a very active transport friendly route and needs (physical) intervention in

order to be more attractive. There are no walking traces for this route.
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60+ km/h

Extrusions are proportional to speed

Figure 12 Comparison between car and e-bike speeds in Route 2

Figure 13 Altitude change (slope) in Route 2

Internal routes

In Figure 14 internal routes are depicted in yellow line (round route of Chios garden)
and the red line (route from the harbor to the main shopping area). Figure 14 pre-
sents the location of the routes and the population density in zones around the city
center. The darker the color, the denser the zone. Figure 14 also depicts the location
of the routes and the number of shops (business establishments) per zone in the

area. The darker the color, the larger the number of the shops.
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Figure 14 Internal routes and population density (gray) and number of shops (red)

Route 3 passes right through the center of Chios city, one of the most congested
road links during summer months. In comparison with the external routes, the maxi-
mum slopes are comparable, but the mean slope is noticeably higher. Empirical ev-
idence reveals that this has been a consistent complaint of the residents, that the
slopes in the city center discourage them from biking or walking (see Polydoropou-
lou et al., 2013). This route, as well as the next one, are one of the more congested
during the summer months. Chios island, as a tourist destination, is highly influenced
by seasonality which affects the traffic congestion. Along these routes, most users
experience considerable delays with cars experiencing this more often and motor-
bikes less often.

Route 4 also passes through the city center, linking Chios harbor with the main
shopping alley, Aplotarias str. As seen in Figures 3 and 4 these routes connect neigh-
borhoods with high population density with areas with a large number of shops,
passing through the busy Chios port or the municipal garden - the center of Chios
city. The maximum slope is quite greater than the other three routes, and the mean
slope is second to the other external route. It must be noted as of June 2013, the
main shopping alley of Chios is permanently a pedestrian road. Both routes 3 and 4
end near the shopping alley and users of motorized modes cannot continue into it
without parking their vehicle.

Comparison of speed and travel time reveals an interesting fact. There is no no-
ticeable difference between the electric bicycles and the motorcycles. For route 3
the difference between these two is marginal. Also, the standard deviation for Route
3 is almost identical. The small standard deviation for all routes, regarding electric
bicycles, is a positive result. No extreme speeds are logged, meaning that no

individuals are struggling with their bikes and recording very low speeds, but there
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are also no very high speeds that can lead to accidents, especially in the external
routes that have minimum protection for the cyclists. Electric bicycles can overcome
the disadvantage of the steep slopes, and the competition between the two modes
becomes fair. This can lead to many conclusions, and it certainly points out to a basic
scenario design for stated preference experiments. Are the residents willing to
switch their motorcycles with an eco-friendly mode of transport that is cheaper,
makes less noise, does not have gas expenses, can ride through pedestrianized ar-
eas, as an incentive which the local government provides to cyclists, and engages
them physically when they travel?

Designing the SP scenarios with real information such as speeds, travel times
and slopes can lead to more realistic experiments and more valuable data. These SP
experiments are a necessary continuation of the present research to measure peo-
ples’ views and perceptions of active transport. If the technical details reveal that for
certain routes travel times and speeds are comparable, the price of an electric bicy-
cle is lower than the mean price of a motorbike, the lack of electric bicycles fleet must
be sought in the perceptions or the trends of the local population. However, since
electric bikes is a relatively new alternative transport mode, population awareness

should be raised regarding their clear advantages over motorcycles.

3.4 The sample

3.4.1 Households and individuals

The collected sample consists of 604 households and 1288 individuals. The data
collection process took place from August 2013 to April 2014 in monthly intervals
and consisted of four questionnaires. The first questionnaire included questions
about the household structure and vehicle ownership. The second questionnaire
contained questions about the individual household members and some attitudinal
questions. The third questionnaire was an activity diary - accompanied with a GPS
device to log the respondent's travel schedule. The fourth questionnaire was an SP
experiment - containing experiments of future vehicle choice. The final question-

naire was accompanied by a series of different psychometric questions to collect the
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respondents’ attitudes and perceptions. All questionnaires are attached in the ap-

pendices section of the thesis.

Table 5 Household and individual sample and population

Variable Sample Population
Mean household size 1 13,7 26,4
Mean household size 2 28,8 29,4
Mean household size 3+ 57,4 44,2
Gender (females) 50,3 49,9
Mean age 42,67 44,8
Education level: None 3 10,2
Education level: Elementary 3,7 28,1
Education level: Highschool 13,8 14
Education level: Lyceum 35,2 26,3
Education level: IEK (After 8,6 4,2
secondary)
Education level: University and | 35,7 17,1
higher
Mean income (€) 14.697 13,607
Unemployed 25,9 26,7
Parking spots at home 1,1 0,9
Own 0O cars 16,8 27,6
Own 1 car 32,6 44
Own 2+ cars 50,6 28,2
Own a motorcycle 37 32
Have a smartphone 36,7 *
Fuel cost per month (€) 80,7 *
Driven kilometers per month 290 *
Mean residence age (years) 30,92 *
Mean residence size (square 95,24 *
meters)

*data not available for this scale

Table 5 presents multiple socio-demographic variables and the comparison be-
tween the collected sample and the population. All demographic data comes from
the 2011 census; except for the mean income which is 2016 data. The main differ-
ences spotted between the sample and the population are households with one
member, which are underrepresented in the sample and the low education level in-
dividuals that are also underrepresented. Also, the car ownership is overrated in the
sample. Some of this may be explained by the low response rate of the low educa-

tion individuals and the difficulty to reach one-person households during the hours
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that the surveys were conducted. It must be noted that the collected sample consists

of the 2,76% of the island’s population.

3.4.2 Vehicle fleet

Table 6presents the statistics of the vehicle fleet of the collected sample. Key
findings include the almost universal use of gasoline vehicles; with the non-existent
presence of alternative fuels, except for a few diesel vehicles. Also, bicycle owner-
ship is starting to increase. Notably, 2012 is the mean purchase year for bicycles in

the sample (note that surveys took place in 2013 and 2014).
Table 6 Vehicle fleet

Cars

Mean engine size (cc) 1430
Fuel type: Gasoline 99,1
Car size: Small city car 34,8
Mean purchase year 2005
Mean purchase price 15000

Motorcycles
Engine size 239
Fuel type: Gasoline 100
Motorcycle size: Small (Scooter or <125cc) | 64%
Mean purchase year 2004
Mean purchase price 2000
Number of bicycles in the sample 69
Mean purchase year of bicycles 2012

3.4.3 Daily activities and travel

Table 7 presents information on the daily travel and activities of the sample. Chapter
4 discusses this information in depth. It must be noted that both the average trip
distance and travel time are low compared to a more urban area and the percentage

of people traveling alone is high.
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Table 7 Activities and Travel

Mean wake-up time 8:05
Mean first departure from home 9:54
Mean first arrival at home 16:01
Mean daily trips 2,04
Mean trip distance (km) 2.2
Mean trip travel time (minutes) 12,6
Percentage of people traveling alone 66,1
First daily activity: Work 40,6
First daily activity: Education 37,5

Work & Work Related

—Workers

—Non-W

12:00

Figure 15 Work and Work related activities timeline

Figures 13-16 present a 24-hour view of certain activities conducted by the people
in the sample. Figure 15 presents the timeline of work and work-related activities. It
is a mostly flat graph concentrated around 8:00 to 16:00.
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Eating and Drinking

—Worke
—Non-W

Figure 16 Eating and Drinking timeline

Figure 16 presents the eating and drinking patterns of individuals. Notice the later

concentration of this activity in the day among workers.

Socializing, Relaxing, and Leisure

—Workers
—Non-W

Figure 17 Socializing timeline

Figure 17 presents the socializing, leisure and relaxing hours. There is high activity
even during work hours, hence the intermediate stops and trips that will be
discussed in Chapter 4. This is attributed to the lifestyle of the study area, where a

portion of workers have small breaks for socializing and leisure during work hours.
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Caring For & Helping other People

—Workers

—Non-W

12:00

Figure 18 Caring timeline

Figure 18 presents caring and helping other people hours. This, among others, pre-
sents a successful data collection effort, as the activity diary was able to capture in-

house activities of individuals. Workers care for other people even in late hours.

3.5 Methodology used in Chapter 4 -
Daily rhythms

This thesis compares urban and island daily rhythms by examining departure and
arrival times, mode choice, the correlation between times and activities and tour
structure. The absence of activity diaries for the urban case prevents us from creating
comparable activity sequence plots and time-of-day charts for the two study areas,
but the exercise has still been useful in understanding a lot more about the behavior
and activity sequences of people in the island area. First, the average morning de-
parture times and work activity durations are compared. Then, tour structure is
analyzed. Tours are identified and grouped into primary and secondary tours, with
primary tours containing work, education, shopping, leisure and other activities as
the main trip purpose. Intermediate stops are also noted. Thus, the tour structure

can be one of the following types: primary tour (with no intermediate stop or
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secondary tour), primary tour and secondary tour (with no intermediate stops),
primary tour with an intermediate stop but no secondary tour, and finally primary
tour with both an intermediate stop and a secondary tour. The next step is the anal-
ysis of the tour structure, depending on the temporal positions of the intermediate
stop(s). Four groups are identified: HMH (home - main activity - home), HIMH (Home
- intermediate stop - main activity - home), HMiH (home - main activity - intermediate
stop - home) and HiMiH (home - intermediate stop - main activity - intermediate stop
- home). The final step of this analysis is a comparison of the modal split in the two
areas, into general and activity-specific. This is followed by an examination of the
bivariate correlation between the morning departure time and the duration of the
various activities and the statistical significance of this correlation. The departure
time is measured as time elapsed from midnight (in minutes) so that the two varia-
bles are comparable. Correlation tests include work, leisure, education and shop-

ping activities, measured across the appropriate sample clusters.

Stochastic Frontier Model

Stochastic frontiers were developed for models of production. A production func-
tion is an ideal amount a unit can produce for a given set of inputs. In empirical set-
tings observed outputs are not ideal (maximum) for reasons that are due to unknown
random factors and measurement error (v) that are specific to each observed unit
and due to productive inefficiency, that also varies with each observed unit (u). Ap-
plying this model to the departure from home can reveal the factors affecting the
"ideal" departure time. Similarly, for the last arrival at home in a day. To examine the
relationship between output variables (arrival at home) and input variables (charac-
teristics of the person and her household) a regression model is created with the
dependent variable being the indicator of output and the independent variables be-
ing the array of variables we desire to test for their significance in influencing arrival
time. The model we use here takes the following form:

Index i represents each tract (data row, respondents), i=1,...,2447. Table 11
shows the estimates of the vector Beta. Variable v is the usual random error term
capturing measurement error and variable u is a positive valued offset between ob-
served arrival and the ideal arrival time athome. The random error term v is assumed

to be normally distributed with zero mean and constant variance across observa-
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tions. The random positive valued term u is specified as a function of other unob-
served factors that do not allow the person to come home at the desired time. A
similar formulation and specification were used by Pendyala (Pendyala et al., 2002)
in which the equivalent of a cost stochastic frontier (adding the u in equation 6) was
used for departure and a production stochastic frontier (subtracting the u as in equa-
tion 6) for the arrival. The skewness of least squares residuals can be used to detect
if the data conform to this setting. In this analysis, we found that the only cost type of
frontier can be estimated, possibly indicating that the desired departures and arri-
vals are later than observed. We also show simple linear regression models for the

same data.

Latent Class Choice Model

A latent class choice model is developed to examine tour structure further. The initial
assumption for this model is that the latent trait Lifestyle divides the sample into two

distinct classes, each class having their utility function for tour structure.
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Figure 19 LCCM modelling framework
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Each of the two class specific utility functions can be written as:

Un = in(Xin'Zn: :3) + &y

(1)

ssep

where X;, is a vector of attributes of alternative i, Z,, a vector of person’s n character-

istics and 3 parameters to be estimated, all three constructing the systematic part of
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the utility V;,. &;,, is the random component. The probability of an individual choosing
an alternative, depending on the class she belongs could be written as:

eVin(Xin'Zn'ﬁ )

Pn(lls) = 3y Vin(XL'TL'Zn'B) (2)

jeCse

Where Cs is the set of alternatives belonging to class s.

We assume that membership to a class depends on the characteristics of the indi-
vidual (or household). A class-membership function can describe this relation:

ef(ZnJ’s)

P (s) =57z (3)

Where f(Z,,v%) + 0,5 is the latent continuous variable of the Lifestyle trait, S being
the set of classes, Z, a vector of person’s n characteristics and og,5 an error compo-

nent.

3.6 Methodology used in Chapter 5 - Ac-

tive transport

3.6.1 A hybrid, macro-mesoscopic model of transport

simulation

The 4-step model is an econometric model that simulates person travel. It is
developed by Michael McNally (Mcnally, 2007) and it is dominant in travel demand
analysis for decades. The application and usage of the model are nearly universal
and has received widespread positive acclaim as well as some respectful criticism.
The main function of the model is that it simulates person travel in a specific study

area by applying four sub-models or steps.
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Figure 20 4-step model (source: (McNally, 2007)

Figure 20 presents the four steps followed in the model. In the following sections,
we will briefly review each step. The application and extension of the 4-step model
are done in Chapter 5.

In this thesis, a hybrid simulation model is used. In the hybrid model, the basic struc-
ture of the 4-step model is used, while extending individuals steps with innovative
components. This extension provides additional richness to the model and at the
same time utilizes available open data for the components and combines other sim-
ulation methodology elements such as the population generation traditionally used
in activity-based models. The steps of the hybrid model are described in the sections

below and in Figure 21.
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3.6.2 Trip generation

N

Traffic Assignment

Trip generation is the first step of the model. The goal of trip generation is to “define

the magnitude of total daily travel in the modal system” (McNally, 2007). During the

model process, separate models for generating trip productions and trip attractions

are developed.

PP = f7(T) (T transport system characteristics)

AP = f7(T) (T transport system characteristics)
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Where PP are the total trip productions for generated for trip purpose p in the zone
(or other analysis unit)iand A]’.’are the total trip attractions generated for trip purpose
p in zone j. The models are basically a multiple regression model containing factors
that influence the production or the attraction of trips such as: zone population,
workers in zone, the age distribution, car ownership, number of points of interest,
land use and other characteristics. There are at least three different types of trip pur-
poses: Home-Based Work (HBW), Home-Based Other (HBO) and non-Home-Based
(NHB). HBW contain trips which ends are in the home and the work place of the per-
son. HBO are trips that origin or end at home and the other end is an activity different
than work. NHB are trips that do not include the home of the individual in any of their
ends. It must be noted that the above refer to internal trips in the zonal area.

In the present thesis, trip generation and attraction are modeled in the level of zones
by recreating the total population of each zones, as well as, the households they live
in. Using combined data from the 2011 national census and the data collected in the
framework of the thesis, the marginal distributions of households and individuals are
calculated. Attraction-wise, the zones are allocated characteristics that are pooled
from available open data, such as google places in the zone (workplaces, leisure,
commercial shops and establishments, points of touristic attraction, special places).
External trips are modelled differently; in this thesis, there are modeled by inserting
special zones (airport and ports) that are scaled to the measure of the internal zones
and are strongly affected by seasonality. External zones are mostly used to quantify

the effect of tourist presence in the study area.

3.6.3 Trip distribution

Trip distribution sub-model transforms the production-attraction matrices produced
by step one to origin-destination matrices which are imperative to the model process
and useful for researchers and practitioners. It is essentially a destination choice

model (McNally, 2007). Trip distribution calculates these matrices as a function of
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the transport system characteristics, zone attributes and network attributes (travel
time and travel cost; the generalized cost of travel). A sample process is described
below:

Ti; = aib;Pid;f (t:;)

where:

a; = [Z;b;4; f(t;;)] ' and

b = [Zia;P; f(t;) 17t

and f(t;;) is a measure of the network level of service.

This process is called a gravity model. The evolution and content of gravity models
as a measure to quantify and model the movement of human populations from 1940,
is based on the straightforward idea that: “the interaction between two populations
is expected to be proportional to their size and reversely proportional to their dis-
tance.” It has been studied extensively. Sen and Smith (Sen and Smith, 1995) have

conducted an extensive analysis of the gravity model application and theory.

3.6.4 Mode choice

The third step, mode choice, transforms the origin-destination matrices of step two
into mode-specific matrices. This process is done by using discrete choice modeling.
The modeling is done using random utility models (Ben-Akiva et al., 1997) and it
reflects the mode choice of individuals in the sample. The methodology is described
in Chapter 3.7, where hybrid choice models are discussed. The models produced
disaggregate results that must be generalized and applied to the specific zones of

the aggregate 4-step model.
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3.6.5 Route choice (traffic assignment)

The final step of the model is concerned with the traffic assignment in the network.
It applied all above steps and reflects the actually predicted traffic flows. The equi-
librium of demand and supply is achieved. The most basic algorithm used for route

choice is a pathfinder algorithm called all-or-nothing.

3.7 Methodology used in Chapter 6 - Fu-

ture fleet purchase

This section presents the hybrid choice model methodology that is applied in Chap-
ter 6. The hybrid choice model acts as an extension to random utility model and is
used to incorporate the effect of latent traits in the decision-making process. Com-
bining socio-demographic data with psychometric analytics reinforces the modeling
abilities to predict human behavior. Extensive and in-detail presentation of the
model is discussed in the work of Ben-Akiva (Ben-Akiva, et.al., 2002). This section

presents the modeling equations.
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3.7.1 Equations

In this section, the hybrid choice model equations are being presented. For the case

study, we used a model with only one latent variable, Exuberance.

Structural Model

Exuberance, = Z,y + w, w~N(0 Zw)
U, = X,f + Exuberance,$ + ¢, e~ N (0, 2¢)
Where:

Exuberance,, : Latent Variable
Zn, Xn: Explanatory Variables
Wy, &, - Vectors of random disturbance terms

B,v-6: Unknown parameters

U,is the utility of the alternative, 3 is the vector of the observed variables and y is a

diagonal matrix of unknown parameters associated with the latent variable
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Exuberance,, U,is a vector of random disturbance terms associated with the utility

terms. The choice model is assumed to be based on utility maximization:

y; =1, if U; = max {U;} i = all the 720 cars
y; = 0, otherwise

y; : the choice indicator

Measurement Model

Igxuberance, = @ + AExuberance, + v, u~N(0, 2u)

Where Igyyperance, is @ vector of attitudes and perceptions, a a vector of unknown
parameters that indicate the association between the responses to the scale, A are
vectors of unknown parameters that relate the random variable to the indicators, v,is

a vector of random error terms.

Likelihood function

f(yn' IExuberancen |an Xn;a,B,7,6, A)
f P(yn IExuberancen; ﬁ' 6' Zs)f(IExuberance n |Exuberancen; /1: Zv)
Exuberancen f(Exuberance,|X,;v,2,)dExuberance,
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Chapter 4: Everyday life tier -
Rhythms

4.1 Introduction

Lifestyle choices are very relevant to travel behavior. Lifestyle as a term can mean
different things. A synthesis of household structure, the number of children, the
number of people in a household who work, living in an urban center or commuting
considerable distances every day are all lifestyle components that fit the definition
when looking at a household(Krizek and Waddell, 2002). When concentrating on an
individual's lifestyle, choices such as work type and work hours, career, orienting
time allocation towards work or other activities, and others can be involved. Lifestyle,
of course, can be used as a term to describe other aspects of an individual’s life that
have a straightforward effect on her travel behavior. Aspects or personal traits, stem-
ming from personal beliefs and perceptions, can create a combination of lifestyle
and personality. For example, a person who has a sedentary lifestyle and devalues
physical exercise can be described as having a whole different lifestyle from a
“sporty” type of person who seems to lose no chance, even in a tight daily schedule,
to work out. The relationship between these lifestyle types and clusters, and travel
behavior has been the subject of many papers (Litinas et al., 2009; Sallis et al., 2004;
Summala, 2007)). This is also related to the quality of life.

Place of residence influences a wide array of quality-of-life factors, ranging from
health (Eberhardt and Pamuk, 2004) to environmental quality and other important
factors. Lifestyle choices can affect the place of residence, but this is a two-way rela-
tionship. A person with a certain lifestyle will choose a location that fits her/his needs
and desires, butliving in a certain location can also shift and reform a person’s needs,

desires, and everyday behavior, changing their lifestyle.

114



Differences between places of residence influences travel behavior (Bagley and
Mokhtarian, 2002). This can be quantified and explained using the trip chain struc-
ture. Kamargianni et al. Kamargianni et al., (2012) explore teenagers’ travel patterns
in morning school tours, identifying 17 different types and comparing the frequen-
cies of different tour structures between an urban, a rural and an insular area. Stu-
dents from the urban area tend to have a simpler structure to their tours, while stu-
dents from the two other areas were more likely to have an intermediate stop before
or after school. Of course, average travel time is relevant as well.

Activities and time of day are the subjects of various approaches and studies
(Auld and Mohammadian, 2012; Goulias, 1999; Goulias et al., 2011; Schoénfelder et
al., 2002). A methodology that is often used in the literature, representing an actor’s
daily choices that can, largely, dictate the rest of the daily pattern of travel and activ-
ity, is the study of morning departure and evening arrival times. Some stochastic
models representing these times treat the departure times as discrete (MNL nested
logit models or mixed logit models). Others, emphasizing the continuous nature of
time as a variable, treat departure times as continuous (continuous-time models, or-
dered GEV and their variants). A review of model techniques and methodologies on
this subject is presented in Sasic & Habib (2013) who use a heteroscedastic general-
ized logit model to investigate commuting in urban and suburban areas of Toronto.
Pendyala et al. (2002). and Pendyala (2003), calculating the spatiotemporal con-
straints of daily human activity, formulate temporal vertices of the Hagerstrand
space-time prism. They attempt to model the origin point and terminal point of this
prism, often difficult to observe in survey data, using stochastic frontier models. The
method aims to achieve the following: (a) formulate these models to estimate origin
and terminal points of the time vertex; (b) compare the results of the model between
different geographic areas; (c) compare the results of the model on different days,
to identify day-to-day variations. The two last goals were attempted in the thesis
providing results of “remarkable similarity” between the geographic areas of San
Francisco and Miami and between different days, indicating a minimal day-to-day
variation. The shared results of stochastic frontier models include the following: a
more than 60-minute-earlier origin vertex for workers compared to non-workers that
drop to around 50 minutes for part-time workers, while people who work from home
have an origin vertex 86 minutes later than people who commute to work. Car avail-
ability and driver's license produce vertices that are later in the morning, and older
individuals have an earlier origin vertex. We are performing a similar comparison

here.
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Latent Class modeling (LCM) has been used extensively in the literature as a method
to examine the individual behaviorincluding non-directly observed variables further.
Itis a part of structural equation modeling and is mainly used to examine and identify
subgroups of the population which are called “classes.” This thesis uses a Latent
Class Choice model, a model which is not very extensively used in transportation
literature. Exceptions include Greene and Hensher, ( 2003), Swait, (2002.), Bhat, (
1997) and Hurtubia, et.al. (2014).

Summarizing, individuals’ daily activities structure and temporal organization have
been studied extensively. Trip chains and tour structure, time-of-day analysis, and
departure time models have been employed to examine variables influencing
spatiotemporal variations. Our thesis shows that different lifestyles among places in-
fluence the daily schedules of individuals, contributing to the literature regarding
new methods and perceptions of time allocation at different levels, both spatial and
temporal. We find this to be of value because both methodologies used, stochastic
frontier models concentrating on the temporal differences and latent class choice
model on spatial differences, providing useful insight on the effects that lifestyle has
on the observed variance. This includes identifying differences in the complexity of
tours and mode share in Chios and Athens and similarities in other aspects of be-

havior.

4.2 Data and models

4.2.1 Study area

Chios Island is in the Aegean Sea, seven miles off the coast of Asia Minor. It is the
fifth-largest of the Greek islands and has a population of 51,398. It is described ex-
tensively in Chapter 3.

Athens is the capital and the largest city of Greece. The city of Athens proper has
a population of 664,046, and the metropolitan area of greater Athens has 4,013,368
residents (2011). The population density in the urban area is 7,462 people/ km2.
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4.2.2 Sampling - Chios (Island area)

This research uses data from the ongoing travel survey taking place on Chios island
as part of the "GreTIA - Green transport in island areas” scientific project (more dis-
cussed in Chapter 3). The sample was divided into three subsets - working people,
non-working people, and students - to capture the variance in daily activity patterns
between those population segments. Descriptive statistics for the three groups of

respondents are reported in Table 8.

Table 8 Descriptive statistics

Chios Athens
Workers | Non- Students All Workers | Non- Stu- All
Workers Workers | dents

N 273 307 40 620 1109 646 193 1948
Average age | 41.5 43.4 20.4 36 40.8 49.2 16.2 44.2
Gender 48.9 53.1 36 50.9 46.3 56.1 51.8 51.3
(woman)
% with col- 56.3 40.6 18.2 42.7 45.4 19.4 6.7 34.2
lege degree
% of daily 3.2 5.4 4 4.3 - - - 10.5
time spent in
shopping
activities
% of daily 8.1 6.2 16 7.5 - - - 6.5
time spent in
recreational
activities
% of daily 4.8 26.2 3.5 16.2 - - - -
time spent in
home care
activities
Mean wak- 7:45 8:28 10:10 8:09 - - - -
ing-up time
Mean time 9:23 11:04 11:40 10:16 8:46 10:29 9:49 9:32
of departure
from home
Mean daily | 5:59 0:16 0:50 5:54 7:05
work dura-
tion

Average personal income is not representative of Greece's national economy be-

cause the study area is one of the highest-ranked areas in the country regarding
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bank savings accounts and is regarded as a mid-to-high-income region. Non-work-
ers are occupied with home care, as this task takes up 26.2% of their daily time, while
the percentage falls to under 5% for both workers and students. Shopping activity
shows no significant variance between the three subgroups but recreation is highly
popularamongst students, taking up to twice the amount of time in their daily sched-
ules as it does in workers’. Waking-up time, even for workers, is much later than the
regular waking-up times in urban centers. With a mean commuting distance of be-
low three kilometers, which corresponds to a less-than-ten-minute commute in
regular traffic conditions, workers do not seem to feel the pressure to rise early dur-
ing the week. Even more interesting is the mean departure time, almost an hour and
a half after most jobs in public and private sectors begin in Greece. Non-workers’
first trip from home begins at around 11:00. Students have a more relaxed schedule,
exiting their homes for the first time just before noon. Average work duration is six
hours per day (part-time workers and freelance professionals bringing the average
down from eight hours), and small amounts of working activity are found in non-
workers’ schedules (mainly helping the working person of the household or taking
small shifts in the family business). Part-time work in the students’ subgroup accounts

for a mean of 50 minutes per day.

4.2.3 Sampling - Athens (urban area)

This thesis uses a random sample of 1948 individuals from a travel survey conducted
in Athens in 2012. Due to differences in the diaries used in Athens and Chios part of
the information available for Chios is not available in the Athens database. However,
using the data that are harmonized between the two areas, general remarks include:
The majority of the sample in Athens are workers, either full time or part time, with a
mean age of 40.8 and 45.4% having a college degree. These statistics are compara-
ble to the Chios case. Moreover, when it comes to non-workers, the sample in Athens
is older (a mean age of 56.1 as opposed to 43.4 in Chios) and mostly female. The
non-worker cluster also has a significantly lower percentage of people holding a col-
lege degree. The student cluster is also significantly different, as the Athens data-
base contains a large number of high school students, while the database in Chios
comprises mainly undergraduate students.

Setting these differences aside, a comparison between morning departure times

and work activity duration leads us to the first conclusions on the variance in rhythms
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between the two places. Average departure time in Athens is almost 45 minutes ear-
lier than that in Chios. Even workers in Chios initiate their first trip of the day more
than half an hour later than their colleagues in Athens. We will test these differences
in a later section of the thesis accounting for education and employment type differ-
ences between the two samples. One could comment that the distances are greater,
and travel lasts longer in the urban area so this is a well-expected result, but looking
at the daily average duration of work activity, things become more clear. People in
Chios work over an hour less. The samples have proportional percentages of public
and private-sector, and full-time and part-time, workers. Considering that work du-
ration is shorter in Chios, this means that people in Chios either go to their jobs later
or leave their job sites earlier in the afternoon. It could also mean less frequent over
time or a more relaxed approach taken by those who are not bound by a strict time-
table. This is the first indicator of location-dependent lifestyle affecting daily rhythms.

4.3 Analysis and findings

Table 9 shows that secondary tours, in Athens and Chios, tend to have fewer inter-
mediate stops than primary tours, with Athens having no stops. Overall, Athenians
do not make intermediate stops and the few people who conduct intermediate stops
prefer to do so before their main activity (for most of them, the stop involves escort-
ing kids to school). On the contrary, Islanders prefer the opposite pattern, making
their stops after conducting their main activity, and there is a small percentage (3.4%)

who conduct intermediate stops both before and after their main activity.

119



Table 9 Tour structure with intermediate stops

Main tours Chios | Athens
Home-Main-Home 69.9% | 98%
Home-Intermediate-Main-Home 10.3% | 0.8%
Home-Main-Intermediate-Home 16.4% | 0.2%
Home-Intermediate-Main-Intermediate-Home 3.4% 0%

Secondary tours

Home-Main-Home 88.2% | 100%
Home-Intermediate-Main-Home 3.9% 0%
Home-Main-Intermediate-Home 5.9% 0%
Home-Intermediate-Main-Intermediate-Home 2.0% 0%

The above observation allows a classification to be made of the daily rhythms in the
two areas. In the urban area, people affected by long travel times and distances con-
duct a primary tour during the day and avoid making any intermediate stops during
it. Commuting fills a big part of their everyday schedule, and they seem to avoid
prolonging it, at least by making intermediate stops. They conduct their secondary
activities during the day by making a secondary tour, where again they avoid stop-
ping at intermediate locations. Islanders, though, seem to prefer to complete their
entire daily travel in a single tour, which contains all the stops at which they conduct
their main and secondary activities.

Table 10 provides a more focused comparison of the travel behavior and mode
choices in the two locations. The first major difference is the almost non-existent use
of public transport in the island area. Used only by students and elders, the public
bus system of Chios takes up roughly 2% of the modal split. In Athens, over a quarter
of the sample uses public transport for their daily travel. This is as expected due to
the extensive public transport system of Athens that has a major subway connecting
large portions of the urban environment and a dense system of bus routes. Also, car
use is significantly higher in Athens, by ten percentage points over thatin Chios. The
gap between car and public transport use in Chios is filled by a large proportion of
walking and motorcycle use. People on the island seem keener to walk, as distances
are smaller and the center of the city is safer for pedestrians. Also, motorcycle use is
very popular in Chios because they perform well in the narrow roads of the city cen-

ter.
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The proportions using cars to make trips to work very close in the two cases, at al-
most half of the sample. Walking to work is four times more popular in the island
case, with only 4.9% of the sample walking to work in Athens. The car use percent-
ages are also very similar for trips made for leisure purposes in the two areas. Walk-
ing trips also increase when looking at leisure as the trip purpose, at 25.7% for Ath-
ens and 40% for Chios. The above results reveal that even if, in the island case, walk-
ing has a larger mode share and, in both cases, there is a sizable percentage of walk-
ing as the mode choice for leisure activities, half of the sample uses a car to go to

work on both the island and urban cases.

Table 10 Modal split

Modal split Chios | Athens
Walking 22.2 10.7
Car 28.2 38.0
Motorcycle 12.2 4.0
Bicycle 2.3 0.9
Public transport 1.8 30.8
Taxi 0.3 2.4
Car to work 49.3 59.0
Walk to work 17.9 4.9
Car to leisure activity 30.9 26.7
Walk to leisure activity 40.4 25.7

The next section reports the correlation between morning departure time and vari-
ous activities duration. As mentioned in the methodology morning departure time
is measured in elapsed time from midnight. A larger number in elapsed time means
that the individual begins her first trip later in the day. In that manner, positive corre-
lation between the two variables means that if the activity durations are longer the
morning departure time is later in the morning, and negative correlation means the
opposite. One would expect, for example, a negative correlation between work du-
ration and elapsed time

Results reveal an insignificant correlation between the morning departure time and
the duration of work in the island area. In contrast, in the urban area, a strong corre-
lation exists; longer work hours are related to an earlier morning departure. This is
yet another indicator of the different rhythms between the two study areas. Morning
departure hours are not influenced much by the hours someone works in the island
area while in the urban case, work hours dictate the temporal location of the morning

departure.
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Table 11 Stochastic Frontier (v-u) model for arrival time at home

Departure Arrival
Ordinary Frontier (v+u) Ordinary Least Frontier
Least Squares (v+u)
Squares
Co- | Co- | Coefficient | Co- | Co- | Coeff/S.E. | Co- | Co-
effi- | eff/ eff/ | effi- effi- | eff/
cien | S.E. S.E. | cien cien | S.E.
t t t
Intercept 556. | 34.1 | 369.15 31.0 | 101 | 49.04 781. | 39.3
90 9 6 4.29 96 9
1 if Chios resident; 0 otherwise | 6.45 | 0.56 | 17.22 2.00 | 17.0 | 1.16 6.29 | 0.48
1
1 if Female; 0 otherwise 13.3 | 1.19 | 24.55 292 | - -0.48 0.46 | 0.04
3 6.90
1 if age 18 or less; 0 otherwise | - - -36.64 - - -1.25 - -
38.0 | 1.32 1.64 | 45.8 38.7 | 1.16
1 2 4
1 if Age 65 and above; 0 other- | 12.8 | 0.61 | 24.94 1.67 | - -1.26 - -
wise 3 33.5 33.4 | 1.47
7 6
1 if College and above educa- | - - 9.28 1.04 | - -0.54 - -
tion; O otherwise 7.24 | 0.60 8.28 11.4 | 0.82
5
1 if elementary highest educa- | - - -18.75 - - -2.64 - -
tion; 0 otherwise 38.9 | 2.35 1.57 | 55.3 421 | 2.26
0 6 3
1 if a business owner; 0 other- | - - -57.82 - - -1.76 - -
wise 10.7 | 0.33 1.87 | 73.5 71.9 | 1.87
7 3 4
1 if home duties; 0 otherwise 446 | 2.16 | 41.78 2.75 | - -3.34 - -
1 87.6 92.2 | 3.97
5 6
1 if unemployed; 0 otherwise 119. | 3.45 | 50.20 2.08 | - -1.54 - -
94 67.8 89.9 | 2.27
8 3
1 if freelance worker; 0 other- 20.9 | 1.20 | 28.31 213 | - -0.54 - -
wise 0 12.0 27.5 | 1.36
5 0
1 if retiree; 0 otherwise 20.1 | 0.99 | 18.12 1.18 | - -4.60 - -
9 119. 103. | 4.57
17 33
1 if student; 0 otherwise 134. | 5.92 | 89.53 5.28 | 86.6 | 3.01 97.2 | 3.67
50 6 6
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1 in no driver's license 25.7 | 1.21 | 35.96 219 | - -1.87 - -
0 50.5 56.3 | 2.37
2 1
1 if no cars in household; 0 - - -12.65 - 28.9 | 1.43 26.5 | 1.47
otherwise 8.95 | 0.56 1.02 |0 0
1 if walked to office today; 0 - - -4.40 - - -4.21 - -
otherwise 8.57 | 0.55 0.38 | 83.1 572 | 3.22
4 1
1 if drove car today; O other- - - -16.18 - - -1.02 - -
wise 6.17 | 0.47 1.66 | 17.1 15.0 | 1.00
1 2
1 if took bus today; 0 otherwise | - - -31.52 - - -2.25 - -
34.3 | 2.01 2.46 | 48.8 29.0 | 1.49
8 6 2
1 if went to work today; O oth- - - -38.02 - 52.7 | 2.88 80.7 | 4.75
erwise 80.3 | 5.56 359 |6 8
0
1 if went to school today; 0 - - -13.63 - 8.05 | 0.26 7.55 | 0.27
otherwise 71.8 | 2.98 0.73
5
1 if first activity was shopping, | 97.1 | 6.62 | 84.19 7.27 | 34.7 | 1.86 29.8 | 1.81
social, or entertainment today; | 6 1 7
0 otherwise
Compound Compound
Error Vari- Error Vari-
ance ance
Lamda 4.26 14.3 2.61 | 13.6
5 9
Sigma 224.06 112 288. | 116
6.69 47 7.69

The same result appears when comparing education activity duration with morning
departure times in the student cluster of the two samples. In Athens, more education
hours mean earlier morning departure times, but in Chios, there is a positive corre-
lation between the two variables, though not significant. This, apart from the varia-
tions between the two areas, has a sampling explanation, as mentioned in other
parts of the thesis, that sample in Chios contains university students, while in Athens
high school students are also interviewed.

The leisure activity durations comparison reveals an intriguing fact: People in the
island area appear to have a correlation between the long duration of leisure activity
and the late departure from home in the morning. This could reflect non-working or
student clusters of the sample, but it is also a sign that people in Chios can organize

their activity patterns in a more relaxed manner. The fact that there is not a strong
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correlation between leisure activity duration and morning departure times in the ur-
ban area strengthens this finding.

When we compare the duration of shopping activity with the morning departure
time of the non-working group we find that the urban case sample shows a negative
correlation between the two, indicating that long shopping hours need an early
home departure. In Chios, there is also a negative correlation but not that strong and
significant.

The analysis continues with a stochastic frontier (v+u) model for arrival time at home.
Results are presented in Table 11.

The reference group is a combination of the excluded groups military and rentier.
Simple linear regression shows we have no difference in departure and arrival times
between the Athens and Chios samples. However, if one accepts the stochastic fron-
tier model as a valid representation of the desired departure time, we see that Chios
residents would prefer to leave 17 later than their Athenian counterparts when we
consider education, employment type, age and gender differences. Employment
has significant influence in all four models of Table 11 with persons in home duties,
retirees, and unemployed leaving home later and arriving home earlier than other
groups, while, business owners leave earlier than everybody else. Students leave
and arrive late by a considerable amount of time, and they appear to have a shift of
their schedule by more than an hour per day, but younger students are leaving ear-
lier (see the indicator of fewer than 18 years old) and arriving earlier at home. Free-
lancers also tend to departure half an hour later than the reference group. Education
levels provide mixed results. Interestingly, people that went to work departed earlier
and came back later indicating they spend longer periods out of the home in a day.
Bus users also seem to depart earlier. This may be due to the long commute times.

Overall the results indicate that there are very few statistically significant differences
between departure and arrival times between Athens and Chios. This result is
unexpected; one could expect people from the urban location to return home at a
later hour. However, the analysis also revealed that the socio-economic characteris-
tics are more influential in the arrival and departure times than the location. For this
reason, we estimated a latent class choice model, to further examine the sample,
attempting to look further into tour structure. A factor analysis revealed that the ideal
number of classes (depending on the BIC and AIC) is two. The results are presented
in Table 12.

Chios residents mostly populate Class 1, and Class 2 is mostly populated by Athens

residents providing further evidence of significant and substantial differences in trip
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chain behavior between the two places. This means that people that actually reside
in Chios are predicted to have an Athenian lifestyle and vice versa. In addition, car
ownership is a significant predictor of class membership at higher than 95% signifi-
cance. Motorcycle ownership and living in an apartment are also significant at less
that 95% and more than 90%. An initial examination of the tour structures from the
two classes reveals an important fact: People in the mostly urban area tend to avoid
conducting intermediate stops on their primary tours during the day. This could be
attributed to under-reporting, but with a large sample, this becomes less likely. In
the island case, people conduct an intermediate stop on their way to their main daily
activity or on the way home from it. An explanation for these two observations could
be down to the average traveling distance and travel times, which are larger in the
urban case, and may push people living in the urban area to organize their activity
patterns in such a way. Stopping at an intermediate destination could be difficult for
a series of reasons, such as finding a parking spot, dealing with tight schedules and
long travel times, or avoiding peak traffic hours; reasons not faced in the island area.
It seems that people on the islands prefer to conduct their main and secondary ac-
tivities within a single trip, before returning home. This is unexpected, as smaller dis-
tances and a more appealing urban structure and built environment could motivate

Islanders to make more tours and spread their activities throughout the day.

Table 12 Latent Class Choice model results

Class Membership Model

VARIABLE [Definition] Coef. t-
stat

CLASS_CAR [Number of cars in the household] -0.598 -
2.47

CLASS_AREA [Dummy - Individual lives in urban area] -6.75 -
4.77

CLASS_MOTO [Number of motorcycles in the household] 1.61 1.74

CLASS_FLAT [Individual lives in a flat] 1.56 1.83

Class Specific Model
Class 1 [Island] Class 2 [Urban]

VARIABLE [Definition] Coef. t-stat | Coef. t-stat

ASC_PR [Primary tour with no stops -0.0647 -0.13 | 6.03 6.66

or secondary tour]

ASC_PRS [Primary tour and second- | -0.550 -1.08 |5.15 5.81

ary tour]

ASC_PRI [Primary tour with intermedi- 1.17 | 4.87 0.184 0.40

ate stop]
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ASC_PRIS [Primary tour with stop and | fixed

secondary tour]

B_WORK [Individual is a full-time -0.298 -2.76 | -0.298 -2.76
worker]

B_TIME [Time elapsed from midnight | -0.0012 -4.08 | -0.0012 -4.08
to first departure]

B_FEMALE [Individual is a female] 0.489 1.86 0.489 1.86
B_CAR1 [Individual drives to main ac- | 0.730 1.92 - -
tivity]

B_HH1 [Number of persons in house- | -0.495 -2.28 |- -
hold]

B_CAR?2 [Individual drives to main ac- | - - 1.59 2.73
tivity]

B_HH2 [Number of persons in house- | - - 0.186 | 0.96
hold]

Rho bar 0.541

4.4 Conclusion

This chapter examines the relation between location-dependent lifestyle encoun-
tered in different places and the organization of society’s daily rhythms. While a
multitude of studies have associated daily activity, and travel patterns with various
factors such as ICT usage, socio-economic variables, psychological traits and
another part of the literature has compared samples from different places, this thesis
extends the literature by comparing two locations that have a different lifestyle,
deriving from and affecting the set and setting of the place.

Results from the analysis revealed significant differences in the way the daily life is
organized between the urban and island area of this study. These results can be
grouped into three axes: a) tour organization differs between the two areas. In the
urban area people prefer to conduct a secondary tour through the day for their sec-
ondary activities, while in the island case people prefer to make an intermediate stop
on their way to or from their primary activity; b) walking takes up a much larger share
in the modal split in the island area. In both cases leisure activities are strongly
associated with walking, but the proportion for the Islanders is greater; and c) strong
correlation exists between the duration of work, education and shopping activities

and early morning departure times in the urban area, while no significant correlation
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exists in the island area. On the contrary, leisure activity duration is correlated with
late morning departure times in the island area but not in the urban case. The
stochastic frontier analysis reveals that there is no significant difference between the
home arrival times of individuals in the two areas, but, there are differences in the
desired departure from home in the morning. In fact, socio-demographic data such
as occupation or education are more significant than the location. Latent class clus-
tering analysis provides an insight into the tour structure of the respondents. Re-
spondents that tend to prefer tours with an intermediate stop instead of a simple
secondary tour are more likely to belong to the island cluster.

Our findings show distinct travel behavior in each one of the two places. The physical
environment is the main factor, the effect of which is revealed in the walking share.
The less dense island environment, with smaller distances and safer to walk roads
and neighborhoods, favors walking as a mode. However, bicycle as a mode is not
affected by the above, and it is not substantial in both areas. Lifestyle differences
seem to play a major role in all other results. The more flexible timetable of the is-
landers, aided by a mixture of smaller travel times, relaxed work schedule, and prox-
imity of various activity locations leads to the organization of daily patterns in a more
independent manner. In fact, only leisure duration seems to affect morning depar-
ture times in the island, while work, shopping, and education activities duration af-
fect the absolute early onset of an individual's schedule in the urban area. Conclud-
ing, different set and setting and a more favoring urban environment may not result
in the adoption of an active transport lifestyle or trend but can lead to a more relaxed
and independent management of the daily time schedules and activity patterns.
Our analysis challenges transferability of activity-based models, and we conclude if
one needs to transfer models we also need to account for differences in the popula-
tion and place-based factors that underly this variability. This thesis points out one
way through latent classes to account for this variability. Policymakers are facing a
greater chance of succeeding in their goals when adjusting their decision tools to fit
the lifestyle of the area and when consulting the local community.

Also, a more in-depth analysis could be conducted if activity diary data becomes
available from Athens. Activity patterns and time-of-day graphs could aid in the bet-
ter understanding of the individual’s decisions. An innovative mode choice SP ex-
periment is already available for the island area. Combined with a smartphone app-
based mode choice experiment in the urban area will shed light on the reasons for
differences in travel behavior. Future studies will incorporate suitable clustering and

modeling, examining in more depth the relationship between morning departure
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and evening home arrival times controlling for a variety of traits in the sample, in
both areas and clusters of similar social and demographic characteristics. They will,
also, include indicators of land use, infrastructure, the perception of place and built
environment characteristics to examine further differences observed between the

two areas.
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Chapter 5: Short-term tier -
Green policy infrastructure and

soft measures

5.1 Introduction

Sustainable mobility is defined as "Satisfying the needs of the current generation
without compromising the ability to satisfy the needs of future generations"
(Brundland Report, 1987). Thereforeit is the organization of transportation systems
in a manner to minimize environmental impact. Transportation is an economic activ-
ity that accounts for a big percentage of emissions global wise, while emissions are
at the origin of the global warming phenomenon. This is the reason for the regula-
tions enforced by many countries and multinational organizations (United Nations
General Assembly, 2015).

However, the concept of sustainability goes largely beyond the mere consideration
of emissions, being the “direct” environmental impact from motorized transport ac-
tivity. Obviously, sustainability relates to the reduction of the extensive use of fossil
fuel energy sources in transportation, also regarding future scarcity of these energy
resources; the impact that future scarcity would have to other economic-productive
activities, as well as various market pricing distortion to be derived, would further
complicate and dramatically affect economic life, geopolitics, and welfare.

Also, the concept of sustainability affects other aspects of welfare, more related to
the quality of life. The objective of “decoupling traffic and economic activity” also
became a crucial dimension of sustainability: how to satisfy transport demand (for
passengers and freight) while minimizing the resources used (transport means, ca-
pacity offered, energy). In wider terms, the objective is to stimulate economic
activities further, but rationalize/minimize the resources used for satisfying the de-
rived transportation activity thus breaking current “direct analogies” between pro-

duction volumes and traffic volumes.

129



At the policy level, objectives related to “decoupling” imply the re-engineering and
reorganization process of the transport system. Regarding passenger transport, pol-
icy measures to increase the share of public transport -thus reducing the use of pri-
vate cars- go to that direction. Regarding freight, policies encouraging modal shift
from door-to-door road to intermodal transport expect similar effects. In both exam-
ples, the use of transport means of bigger capacity, combined with the increase of
occupancy rate of those means, are based on the concept.

Technically, the policies refer to a wider “logistics” approach. The problem is to re-
design transport chains to concentrate/consolidate passengers and freight at appro-
priate locations in such a manner, to achieve modal shift and maximize occupancy
rates; as a result, to minimize the whole vehicle-kilometers produced while satisfying
the actual demand regarding passengers-kilometers and tones-kilometers respec-
tively.

To achieve a successful redesign process, satisfying technical capacity requirements
is a necessary but not sufficient condition; the satisfaction of users’ quality require-
ments regarding transport time, safety, reliability are critical factors to success. From
the rationalization process, several positive “network” effects would occur: more flu-
idity in physical circulation, less congestion, time savings for passengers and freight,
increased safety, thus allowing a real reduction of “external cost.”

Green transport is a concept strongly related to sustainable mobility and going be-
yond the technical and operational parameters presented above. Green transport
integrates further technological and social innovation in the redesigning process.
Along with intermodality/co-modality issues, patterns of private car's use and logis-
tics, it focuses on alternative fuel technologies (e.g. natural gas, electric vehicles) or
even non-motorized/active transport means (bicycles and walking). To successfully
promote green transport, it is necessary to study in depth daily needs and travel
patterns; innovative plans often have to combine green transport systems with the
reconsideration of the land-use organization and the promotion of alternative pat-
terns of land-use operations.

Green transport issues exceed the field of technical rationalization of transport net-
works and deals with wider perceptions of welfare. Driving forces for planning and
promoting green transport systems are new values, behavior and lifestyle issues.
This chapter presents the concept, definition and design process of the sustainable
or green transport scenarios that are assessed in the platform. It also is concerned
with the methodology that supports the evaluation of these scenarios, a transport

simulation model. The model is described in detail.
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Based on these themes mentioned before, this thesis combines relevant solutions
and policy measures to develop green transport policy scenarios to be tested and
assessed in the study area. The definition of policy scenarios was based on several
“building blocks”; these are possible interventions, solutions, and measures catego-
rized by “nature” (e.g. infrastructural interventions, the introduction of new means in
the study area, reorganization of existing network, change of utilization mode). The
appropriate choose of components within these building blocks allow the definition

of integrated alternative scenarios/plans.

5.2 Definition of Alternative Scenarios

5.2.1 Feedback from research activities and adjustment

of initial assumptions

The thesis has stated its dynamic system approach from the first chapters. Initial
hypotheses, concepts, and hypotheses are reconsidered and adjusted during the
thesis process. The adjustments may derive from the literature review, the research
findings, the socio-economic context of the country and the wider geographic area
and the feedback the thesis has from the local communities, stakeholders and deci-
sion makers through the public consultations.

The consideration of the above factors led us to rethink about several possible
measures. The most important of the reconsiderations are presented below. The in-
troduction of electric cars as a policy measure was not included in the list of pro-
posed measures. While the hybrid choice model developed in Chapter 6 revealed
that eco-friendly individuals are more probable to purchase a hybrid vehicle in the
future, the financial situation of the country and the drop in personal income along
with the mixed feelings, as well as the low scores that this measure scored in the
public consultation concluded in the disqualification of the measure. The good
scores of electric bicycles and bicycle sharing systems both in the public consultation
and the mode choice model was another indicator that the alternative plans should

be more concentrated on active vs. motorized transport.
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The public consultations also revealed issues about the quality of urban life and the
levels of sound pollution especially on the port and the center of the city. This is the
second group of measures, the traffic congestion solution, and urban environment.
Some measures did not excel at the public consultations and modes that are not the
best choices among the alternatives (from the mode choice model) such as sharing
systems and parking locations. Sharing systems, especially bicycle, are considered
as a part of some measures for two reasons: a) the popularity of this type of mobility
is expected to rise in the next years, as public access to sharing mobility apps
becomes greater and as attitudes and perceptions shift towards sharing systems and
b) the local community has no official sharing system (car or bicycle) but has self-
organized in a carpool system (parents rotate taking children and classmates to
class, people living in villages share rides with each other, students hitchhike) so the
local population has some familiarization with the process of sharing a ride but this
lacks preference when it is done in a formal manner, as the model results indicate.
Also, parking spots were a controversial topic on the public consultations. From the
supply and demand side, a popular scientific opinion is that new parking spots equal
more traffic. However, a significant part of the local community ranks new parking
spots as a high priority measure while 40,7% of the total sample ranks the creation
of new parking spots as a priority measure. Trying to combine the solution to the
congestion problem while respecting the need for parking spots led us to the meas-
ure about parking spots described in the next section.

Congestion taxes were also re-considered. Apart from the low scores in public
consultations three reasons affected the non-inclusion of the measure in the
proposed: a) the foggy classification between urban and rural trips in the study area;
congestion taxes focus almost directly to urban trips; b) the practically non-existent
percentage of people using public transport, a portion of the network users that
traditionally would support a measure like congestion taxes and c) the relevant
inequality of the measure: taxing engine size and not vehicle use and affecting
horizontally all income categories.

The output of various research and investigation in the framework of GreTIA consid-
ering the conclusions allowed at a first stage better identifying the most suitable
measures to propose, mainly at the level of infrastructure. The proposed measures
are presented in the next section. Combined with the other levels (building blocks),

they will allow subsequently defining integrated scenarios.
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5.2.2 Methodological framework for the definition of

scenarios

Referring to a system approach to the development of alternative green transport
scenarios (plans), the definition of some building blocks for scenario building is a

necessary methodological step. Such building blocks are:

- Infrastructure level: Low cost and small and medium scale infrastructure de-
velopments (parking spots, terminals/park and ride areas, the creation of bi-

cycle lanes.).

These interventions (or measures) mainly refer to low or medium cost infrastructure
works, since the necessary space is already available for public use (e.g. existing
roads) and needs surface technical adaptations given a change of mode of utiliza-

tion.

- Transport means: Introduction of new transport means (e.g. bicycles)
- The level of operations: Measures regarding traffic regulation (e.g. pedestria-

nization, measures of traffic restriction).

Furthermore, the determination of alternative plans was a process running parallel
to the thesis from the first chapters. Final decisions differ from some indicative initial
plans since the thesis elaboration allowed to review some preliminary working hy-
potheses, identify new parameters through various field surveys, better assess driv-

ing forces and investigate pilot tests.

5.2.3 Definition of building blocks

This section discusses the definition of the different building blocks, the basic
measures that on their own or combined, lead to the creation of the various policy
packages.

Parking spots

Where we are moving parking spots and not creating new, in this way we avoid the
extra load created by more parking spots, we free space on the streets, and we in-
ternalize the external costs by making residents pay for parking (this also pushes

people with marginal elasticity to shift to another mode)
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As described in the previous section there is a need to re-organize parking spots for
the study area in a way that both respects the need of the local community for park-
ing spots and does not deteriorate the traffic congestion condition in the town. The
solution proposed for the synthesis of these two issues is the relocation of parking
spots from the side of busy roads to certain parking locations. This serves a multitude
of purposes.

First, the relocation of parking spots means no difference in the number of spots.
Even if the number of parking spots created is slightly more than the parking spots
removed, the effect that this will have on the traffic congestion will be minimal com-
bined with other measures that will take place in the scenarios that parking spots
reallocation will be included.

Secondly, the relocation of parking spots leaves the part of the busy roads that was
used for parking (in many cases illegally) free. This free space can be utilized for the
creation of better and wider pavements (22% of the sample says that they completely
agree -7 out of 7- with the statement that the pavements to their work are very nar-
row, while almost 80% agree with the statement). They can also be used for the cre-
ation of bicycle lanes, as per some scenarios described below.

Finally, this measure is a way of externalizing the internal cost of traffic congestion
by charging the (at the most cases previously free) parking spots in the dedicated
parking areas. Of course, this must be done on social groups that cannot use active
transport from the parking locations to their destination (elderly, disabled). Also, this
brings up the discussion about a complimentary measure to parking locations which
is the use of park and ride systems (autonomous buses, golf cars, bike sharing sys-
tems). It also pushes people that are able and willing to commute using active modes
to do it finally.

Estimated Cost: 2.000.000 € for parking of 500 places on the ground - 350.000 € for
a 40 bicycle-8 station bike sharing system - 12.000.000 € for a five bus-3station au-
tonomous bus system.

Creation of bicycle lanes

The creation of bike lanes is most probably the first thing that comes to mind when
someone is talking about green transport policy measures. However, literature and
practice (Caulfield, 2014; Motoaki and Daziano, 2015; Tilahun et al., 2007) show that
bike lanes are not a one-size-fits-all and neither a panacea measure. The creation of
bike lanes is a measure that costs a lot - especially if a local authority has decided to

plan and implement a bike lane system carefully.
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In the case of the study area, creation of bike lanes was greeted with positive scores
and thoughts both on public consultations and survey data. Almost 50% of the sam-
ple stated that building bike lanes is ranked first of second priority measure for them.
It should be noted that there no bike lanes present on the island.

The perception of the author is that a bike lane system should be interconnected.
There is no real point in creating scattered strips of bike lanes in the locations on the
network that it is easier or less costly. For this reason, it was decided that three dif-
ferent, integrated bike lanes will be proposed. Each one can function on its own, but
the creation of 2 or all of them would create an even larger interconnected network
of bike lanes. The beginning point of all bike lanes is the city center (Chios central
square). The first bike lane runs through the city to the north suburbs and neighbor-
ing town Vrontados from the coastal route (Figure 23). The second runs from the
south point of the port (Chandris hotel) through the coastal route to the airport and
ends in the tourist region of Karfas (Figure 23). Bike lane 3 runs from the port of Chios
town to the suburb of Kampos, south of the city center (Figure 23).

Bike lane 1 connects the two most populous towns of the island, Chios, and Vron-
tados. There were two route alternatives for this bike lane; each one has positive and
negative characteristics. Bicycle GPS traces reveal that speeds are higher and mean
slope is lower on the coastal route. It is also a route by the sea, and it passes next to
the students’ dormitories. A negative characteristic of this route is that on windy days
it can be hard to ride a bicycle. The width of the roads on this route is at most points
enough for the creation of a simple bike lane, though more width would be needed
in some parts of the route is a more advanced bike lane was chosen.

Bike lane 2 connects city center with the popular tourist destination Karfas. It also
passes by the island’s airport. Bicycle GPS traces reveal the highest speeds and low-
est slope from all proposed bike lanes. In all parts of the route, the width is sufficient
for the creation of a simple or an advanced bike lane. There are some large parts of
this route that the width is enough for both a bike lane and a wide pavement. How-
ever, there is a part of high, abrupt slope near the route’s end. Also, car and motor-
cycle speeds on this route are high (GPS recorded many traces with speeds over
100km/h) and the presence of trucks is frequent.

Bike lane 3 connects city center with the also popular tourist destination and pictur-
esque suburb of Kampos. This is the proposed bike lane on the narrowest roads. A
relevant study in the study area (Kapros and Proios, 2010) has already proposed

measures for the creation of one-way roads in the area. This measure would be very
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helpful in the implementation of the bike lane in the area. Also, a part of the pro-
posed bike lane runs through the narrow, picturesque streets of Kampos, where mo-

torized traffic is minimal.

Legend

=== Bikelane to Vrontados
= Road network

== Bikelane to Karfas
@ Bikelane to Kampos

Figure 23 ALL BIKE LANES
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Table 13 Bike lane evaluation

Bike Lane | Total Mean rec- Mean rec- Aver- Street | Pres-
length(km) | orded speed | orded speed | age width ence of
of bicycles of cars slope lights
(km/h)(GPS) | (km/h)(GPS)
To Vron- 3.8 15,1 (20.4 47,8 1,4% >70% | 70% of
tados (1) electric) wide the
enough | route
To Karfas | 4,7 14,4(22,3 52,4 0,7% >95% | 80% of
(2 electric) wide the
enough | route
To Kam- 4.3 13,9 (19,5 442 0.9% ~50% | 90% of
pos (3) electric) wide the
enough | route
Table 14 Cost estimates for bike lanes
Simple 18.000 €
Advanced 50.000 €
State-of-the-art 130.000 €
*Explanations
Simple Painted lane at the side of
the main road
Advanced Separate lane with boundary

State-of-the-art Separate lane with boundary
+ bicycle lockers, stations,

and first aid kits

Pedestrianization of streets

The pedestrianization of streets is a measure widely known to improve certain as-
pects of urban life and to create a safer environment for pedestrians and users of
active transport modes. A series of European cities are enforcing such measures in
their downtown area. Only in 2014, 6 European cities started implementing such
measures (Citylab, 2015). In the case of the study area, the measures proposed are

splitinto two spatial categories, proximal to each other. The first includes the pedes-
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trianization of the road next to the island’s harbor. The second is the pedestrianiza-
tion of all streets comprising the towns historical center and more precisely streets
contained in the polygon Aplotarias - Psixari - Venizelou - part of Polytechneiou -
Ralli (shown in Figure 24).

These measures must be accompanied by at least two new parking spots proximal
to the city center for the convenience of the users of the transport network. It must
be noted that recently (2013) the main shopping alley of Chios town, aplotarias str.
was pedestrianized. This measure was accepted as successful by a wide majority of
the citizens.

Problems with the proposed measures include a) difficulty in social acceptance, at
least at the proposal and initial stages of the implementation; and b) effect on the
traffic around the pedestrianized areas. More specifically, the first proposed pedes-
trianization (harbor road) is a measure that has been discussed for decades in Chios
and is half implemented (one-way pedestrianization during summer months, for
some hours of the day) for some period. The majorissue, other than traffic diversion,
will be managing the extra traffic from ships during the arrival time of the vessels
approaching Chios harbor. There are a lot of possible solutions to this issue, namely
some of those include: a) the diversion of the traffic through a part of the
pedestrianized roads for a small period; b)the creation of a coastal road on the north
of the harbor and c) the change of location of Chios harbor.

The second pedestrianization is expected to be harder to be accepted by the public.
State-of-the-art and practice (Korinthos, Syros relevant cases, international such as
Norfolk, Genéve) show that the long-term effects of the pedestrianization of the city
center are positive and include improvement of the urban quality of life, reduction
of accidents and noise pollution, boost in tourism and rise in active transport usage.
Problems with the pedestrianization include, again, the diversion of traffic to other
links, the discomfort of residents (although a big part of land use in the area is com-
mercial and public buildings) and access to particular groups (disabled, elderly, ser-

vices) in the area.
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Figure 24 all pedestrian roads

Table 15 Estimated cost of pedestrianization

Simple 1.500 €

Advanced 25.000 €

State-of-the-art 40.000 €

*Explanations

Simple Simple marking for pedes-
trian road

Advanced Rebuilding of road and tiles

State-of-the-art

Total reconstruction with
decoration

5.2.4 Building blocks

Legend

Pedestrian scenario 1
Pedestrian Scenario 2

= Road network

As mentioned before this section describes the combination of components which

results in the creation of the building blocks.
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» Bike Lanes

 Parking Spots

e Shared system
stations

* Bicycles
 E-Bicycles
e Shared bicycles
» Regular buses

e Golf Cars

¢ Driverless Buses

Figure 25 Building blocks

5.2.5 Scenario development

Infrastructure Transport Means Operational

e Pedestrianizations

e Park and Ride
systems

The developed scenarios are split into two layers. The first layer contains scenarios

that are composed of maximum two components from the components and the sec-

ond layer contains scenarios that are composed by more than two. The construction

of policy bundles, scenarios built by more than one measure/action/component has

been a thesis stated objective and a widely-used state-of-the-practice policy. The

detailed Scenario development and classification in the two layers is presented be-

low
Table 16 Scenario development

Infrastructure
| Scenario/Com  Bike  Parkin  Shared
lane gspots system

ponents < .

Scenario 1 X x X
(BAU)

Scenario 2.1 v b 4 b 4
(Bike lane to
Vrontados)

Modes

Bicycle
s (e-
bikes)

X

Shared
bicycle
s

X

Golf
Cars

Driverl
ess
buses

Operational
Pedestriani  Park and
zation ride

X X

X X
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Scenario 2.2
(Bike lane to
Karfas)

Scenario 2.3
(Bike lane to
Kampos)

Scenario 2.4
(All bike lanes)

Scenario 3.1
(Pedestrianiza-
tion of port
road)

Scenario 3.2
(Pedestrianiza-
tion of city cen-
ter)

Scenario 3.3
(Both
pedestrianizati
ons)

Scenario 4.1
(Parking spots
& Golf cars
park and ride)

Scenario 4.2
(Parking sports
&  Driverless
buses park and
ride)

Scenario 4.3
(Parking sports
& shared bikes
park and ride)

Scenario 4.4
(Parking sports
& regular
buses park and
ride)
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Rise in Active

Scenarios under that category are expected to have a direct impact on creating a
larger share for active modes, especially the use of bicycles. The scenarios listed
here are based on the measures described in section 2.1.2.2. Each bike lane creation
is examined on a scenario by itself and with the addition of a bike sharing system. A
combination of bike lanes scenario is also evaluated. These scenarios are assessed
by allocating a different impedance on the links containing bike lanes on the simu-
lation software. The impedance modifies the t0 for these links and affects the mode
choice proportional to the beta of the presence of bike lanes estimated in the mode

choice model.
Table 17 Scenarios of group 2

Scenario 2.1 Creation of bike lanes from Chora to Karfa

Scenario 2.2 | Creation of bike lanes from Chora to
Kampos

Scenario 2.3 | Creation of bike lanes from Chora to
Vrontados

Scenario 2.4 | Creation of bike lanes from Vrontados
to Karfa/Kampos

Scenario 2.1.1 | Creation of bike lanes from Chora to
Karfa and bike sharing system

Scenario 2.2.1 | Creation of bike lanes from Chora to
Kampos and bike sharing system
Scenario 2.3.1 | Creation of bike lanes from Chora to
Vrontados and bike sharing system

Scenario 2.4.1 | Creation of bike lanes from Vrontados

to Karfa/Kampos

Traffic Congestion Solution & Urban Environment

Scenarios under that category are expected to have a direct impact on less use of
motorized modes, the creation of a safe, noise and pollution free urban environment
for locals and tourists. The two basic scenarios 1.1 and 1.2 contain the measures
discussed in 2.1.2.2: The pedestrianization of coastal route and the pedestrianization
of city center. All the remaining scenarios are combinations of the basic scenarios

with parking spots, park, and ride and sharing system measures. Note that in this
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scenario group, apart from the KPI performance, the re-direction of the traffic that
the network simulation provides is imperative. The proposed pedestrianization ar-
eas handle a big part of the city and transit traffic. The eight different scenarios are

described below:
Table 18 Scenarios of group 3

Scenario 3.1 Pedestrianization of coastal route

Scenario 3.2 | Pedestrianization of city center
Scenario 3.1.1 | Pedestrianization of coastal route with
parking spots
Scenario 3.1.2 | Pedestrianization of coastal route with
parking spots and golf car rides
Scenario 3.1.3 | Pedestrianization of coastal route with
parking spots and bike sharing system
Scenario 3.1.4 | Pedestrianization of coastal route with
parking spots and both golf car rides
and bike sharing system
Scenario 3.2.1 | Pedestrianization of city center with
parking spots
Scenario 3.2.2 | Pedestrianization of city center with
parking spots and golf car rides
Scenario 3.2.3 | Pedestrianization of city center with
parking spots and bike sharing system
Scenario 3.2.4 | Pedestrianization of city center with
parking spots and both golf car rides

and bike sharing system
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5.1.8 Example of a scenario screen
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5.3 Allocating analysis to Traffic Analysis
Zones

The task of allocating the socioeconomic forecasts to Traffic Analysis Zones (TAZ) will
be described in this section of this section. It should to extend the effect and power
of data from the census, the process of original allocation of socio-economic data
(before the forecasts) included the creation of a synthetic population using the soft-
ware POPGEN (Goulias, et.al., 2011). In this way, the combination of census and sur-
vey data led to the population of all TAZ with synthetic agents. This is done with

respect to survey and census marginal distributions.
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5.3.1 Zoning system

The study area was described analytically in Chapter 3. The simulation model is con-
centrated on Chios town and will provide secondary information on the rest of the
island. For this reason, the zones are denser in Chios town (marked 8 in the Figure

below). The overall administrative areas of the island are the following:

Figure 26 Chios Administrative regions

Region 8 on the map, Chios town, contains the 41 zones that will be used in the
simulation modules. External zones include North Chios (2, 5 and 7 on the map),
Central Chios (1 and 4 on the map) and South Chios (3 and 6 on the map). There is
an alternative zonal system available, with external zones being the port and the air-
port of the island to be used in tourist scenarios.

Concerning the 41 zones of Chios town, the initial plan was to create one zone per
residential block within the town limits. This was the way the questionnaires were run
and all the data available on that level. A figure is depicting the original residential

block zones and population.
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Figure 27 Original Small Zones
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The original residential block zones were aggregated in 41 mega-zones, mainly
because most of the 551 original zones were too small for any results to be compa-
rable. Also, while managing to collect a representative sample from almost all the
zones, some small zones ended up having 1 or 2 persons as their sample, which

would make the process of synthetic population creation unreliable.
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Finally, a figure showing the process of defining zones in the study area. During
the process 3 consequent steps were made: a) the creation of scattered zones,
containing whole neighborhoods or places of interest in the study area; b) the
creation of central, small zones to account for high population density in the central
areas of the town and c) the aggregation of peripheral zones to account for low

population density and little number of facilities (job places, schools, shops etc.)

5.3.2 Allocation of forecasts into the zones

The allocation of forecasts into the zones could be treated as a simple application of
the different growth rates in the population of each zone. However, a more sophisti-
cated approach used in this part of the thesis includes the allocation of different rates
of growth in every zone depending on the forecasts for each area of Chios town. The
decision includes empirical evidence and consultancy from local planners,
policymakers, and civil engineers.

Zones 1-7 and 34 to 41 (zones on the suburbs of Chios town) are allocated a
small growth of population. Zones located in the center of Chios town are allocated
a larger deficit that the average. The overall negative growth remains at the constant
rate of -0,18.

5.4 The hybrid simulation model

5.4.1 Network Coding

Coding the island's network was a major part of the preliminary work of the simula-
tion model. The completed network includes 18484 links and 7021 nodes, and it is
constantly updated. Figure 26 depicts the links in the network, color coded for their
type. After the successful creation of the links in the network and their geocoding to
depict as closely as possible the real links, the link classification took place. The links
were divided into 3 link types. Primary network, which contains the wider links of the

network, usually main roads that connect villages and run through Chios town,
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Secondary network, which contains the less wide, residential roads and finally Dirt
road network, which contains rural, small but mapped roads, most of them

accessible by a regular vehicle.
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Figure 29 Part of Chios NETWORK (Red: Primary, Black: Secondary, Grey: Dirt Roads) with Surveyed Household

locations
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The process of network coding and editing continued with the specification of

link types properties as shown in the figure below. Some of the properties are set by

the geography of the network (length or distance from nodes). Other values were

inserted for every link: Classification in a link type, vO PrT, number of lanes, Capacity,

name of the link, transport systems available (depends on the modes the user

chooses to exist). Note that the transport systems availability are inserted two times

for every link to specify cases of one-way links or one-way bike lanes. The other prop-

erties shown in Figure 30, are completed by the software after a simulation iteration

takes place.
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Figure 30 Link Type Properties
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The activity diary survey showed clearly that there is a small portion of the pop-
ulation using public transport systems (buses) on the island. This fact and the deci-
sion to concentrate the simulation efforts on Chios town led to the deduction of
buses as a transport system of the simulation. However, the researchers have availa-
ble the whole bus network of the island, both urban and KTEL buses, lines, stations,
timetables, and fares. The PuT (Public Transport) module of the simulation is fully
working and available for future policy analysis and the local authorities of the island.

Below is a screenshot of the network and the timetable:
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5.4.2 Design and implementation of the simulation

model

Introduction

The simulation was designed and run in PTV Visum software. It was decided to con-
centrate on a 4-step aggregate static model. The model will create the basic scenario
which will be used to predict future flows and to test future policy scenarios. Inputs
of the model include data from Greek Statistics Agency (1991, 2001 censuses and
2011 predictions), input from the satellite surveys of the thesis and input from the

synthetically created population, both households, and individuals.

Trip generation

The first step of the modeling process is the calculation of productions and attrac-
tions for every zone in the network. This step’s input is from the census of 2011 and

the synthetically created population of the year 2011.

Trip Production

The trip rates methodology was used to calculate zone trip production. According
to this methodology, individuals were separated into categories of specific socioec-
onomic characteristics and, for each category, trip rates were estimated based on
the data available regarding the current situation in the study area. The rates repre-
sent the mobility of each category of individuals. The categorization and the rates
are shown below.

Categories:

—_

. Gender: Female or Male
2. Age Category: Up to 18, 18 to 65, Over 65

3. Worker or non-worker

Rates:
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Table 19 Trip rates

Trip rates Worker Non-Worker
Age <22 23-65 65+ <22 23-65 65+
Woman 3(8 2.21 - 2.61 1.88 0.55
cases)
Man 4.44 2.35 1(2 2.73 2.26 1.53
cases)

The next step was the creation of a specifically designed synthetic population,
with different marginal for every zone. The challenge here was to identify joint mar-
ginal distributions, as the census does not include most of them. For example, the
census would provide the number of men, workers and in the age category 1 for a
certain zone but not the number of men, who work and are under 18 years old for
this zone. This could be tackled with two different methods: Either by entering
individual trips as a special variable in the synthetic population and using the sum
for each zone or by gaining the joint marginal through the process of the synthetic
population for each zone. The latter was chosen because, for the former, we would
need an estimate of zone trips.

Using the joint marginal distributions from the synthetic population and the equation
below, the trips for every zone were calculated:
Ti = Z afitfk;

j

k. number of individuals in zone i with zonal characteristics k, which corresponds to

aj;:
trip rate category j.

t{: trip rate for household category j in zones with characteristics k.

ki: weight identified as total (census) / synthetic population. Used to correct the dif-
ferences between the synthetic population totals and the true totals.

Atotal number of trips estimated for the study area for the base year 2017 is 45.499.

Trips for every zone are listed below:

Table 20 Generated Trips For Each Zone

Zone Trips Zone Trips
1 1352 20 762
2 1193 21 1164
3 2557 22 1390
4 1056 23 1877
5 609 24 861
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6 1274 25 945
7 1196 26 2653
8 1052 27 907
9 2170 28 1514
10 1346 29 1251
11 1992 30 1083
12 423 31 1364
13 850 32 777
14 1572 33 928
15 1470 34 593
16 6 35 1347
17 115 36 918
18 142 37 891
19 601 38 687

Trip distribution

For the trip distribution step, a dummy generalized cost function was used to aid the
gravity model function. The particularities of the study area, such as the small travel
distances between the zones or the absence of tolls and other on the way fees and
expenses make the generalized cost function simple and straightforward:
GCP™™ = D/ FuelKM + VoT TT/
The gravity model is formulated as follows:
Tripsi POIj ae(=4¢®

Y POIk ae(=16C)
Tripsi: Number of trips originating in zone i

Tij =

Shopsj: Percentage of Points of Interest' as buildings in zone j (weight of attraction)
a,A: parameters of the distribution model

Mode choice

The mode choice step used for this simulation is a binary choice logit model be-
tween Active and Motorized transport. The concept of the whole thesis leads us to
create a mode choice survey containing innovative, active and green modes for the

respondents to choose from. The modal split from the activity diaries is as follows:

" Google places were used as an estimator. It includes shops, places of
interest, restaurants, workplaces, bars/cafes, public buildings,
museums, etc.
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Table 21 Modal Split

Mode Percentage
Walking 35,9
Regular Bicycle 3,9
Other non-motorized 0,3
Private Car 38,1
Van/Mini-Van 0,9
Carpool 0,2
Motorcycle 50 and 125cc 71
Motorcycle >125 and <250 cc 8,8
Motorcycle >255 and <750 cc 1,9
Motorcycle >750 cc 0,5
Taxi 0,4
Boat 0,1
Other private 0,3
Urban Bus 1,2
KTEL 0,1
School Bus 0,3

As seen in Table above the three more popular modes are Car, Motorcycle, and

Walking. The very low percentage of the Public Transport is a particularity of the

study area (almost 1%). The Figure below depicts the four modes that are used in

the mode choice module of this simulation. The bicycle was added because of the

future scenarios testing bike lanes.
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Modes used in the simulation
Bicycle
4%

Car
40%

= Walk

Figure 32 Modal split

Walk
37%

Motorcycle
19%

Motorcycle = Car = Bicycle

The results from the mode choice model are shown in Table 22:

Table 22 Mode choice model results

Model: Multinomial Logit
Number of estimated parameters: | 4

Number of observations: 846

Number of individuals: 846

Null log-likelihood: -586.403

Cte log-likelihood: -586.317

Init log-likelihood: -591.608

Final log-likelihood: -186.297

Likelihood ratio test: 800.211

Rho-square: 0.682

Adjusted rho-square: 0.675

Final gradient norm: +6.320e-003
Diagnostic: Maximum number of iterations reached
lterations: 1000

Run time: 00:06
Variance-covariance: from analytical hessian
Sample file: gretia_activity.dat
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Name Value | Std err | t-test | p-value
ASC_Act | 0.00 | fixed
ASC_Mot | -6.51 | 0.455 |-14.30 | 0.00
B_ActTT |-5.10 | 1.09 -2.90 |0.00

B_MotTT | -21.4 | 11.1 -1.93 |0.04

Id | Name Availability | Specification

1 | A1_Act ActAv ASC_Act * one + B_ActTT * ActiveTTSCALED
2 | A2_Motoriz | MotAv ASC_Mot * one + B_MotTT * MotTTSCALED

Travel time for active transport and motorized transport are allocated an alternative
specific beta. On the case of active transport, it is lower, but this is not a straightfor-
ward indicator that the users of the network prefer active transport as the travel times
for active transport be much higher than those of motorized.
The betas of the travel time coefficients are inserted into the 4-step model in VISUM.
The mode choice part of the simulation software calculates modal preference taking
into account the t0 for each different mode, the travel time betas, tCur (current iter-
ation speed) and impedance for different links. The algorithm for the mode choice
part of the simulation is described below:
1. Creation of skim matrices for all modes based on t0 of OD matrices
a. t0 differs for every mode and every link type
b. Motorized differs for main network, secondary network and tertiary net-
work (dirt roads)
c. Active differsin 3 levels depending on road width
2. Calculation of mode choice depending on the betas of travel time and the
skim matrices
3. Check for restrictions on network imposed by different scenarios (one-way
streets, pedestrianization)
4. Check for presence of bike lanes - If bike lanes are present in the scenario the
impedance for this links for active modes changes

5. Repeat process for chosen interactions

Calibration
Simulation model results were calibrated using data from GreTIA traffic counts con-
ducted during July and August 2012 in 10 points in Chios town and 7 points outside

160



of Chios town and by traffic counts conducted using pneumatic road tubes during
January 2014.

Street BAU Sce- Traffic Difference | Traffic
nario VISUM | counts with % counts with

researchers tubes Winter
Summer 2014
2012

Handakos 320 327 2,14%

Iroon 223 201 -10,95%

End of Aplo- 140 160 12,50%

taria

Kountouriotou | 479 520 7,88%

Nautikos Omi- | 56 66 15,15%

los

Veriti 84 94 10,64%

Airport 581 21,49% 740

Coastal Vron- | 243 -14,08% 213

tados

Veriti 2 469 -7,82% 435

Chios - 233 -18,88% 196

Chalkios

Frangomacha- | 69 18,75% 80

las

Vrontados In- 453 -7,09% 423

terior

Aipos 44 -4,76% 42

The calibration reveals that most of the count points differ between 5 and 15% which
is an acceptable difference because of the seasonality, the difference in aggregation
(counts with tubes are aggregated result of a 24 hour, 10 day counts in a single day
PCU, counts with researchers are 3 day, half an hour interval counts) and the static 4-

step model.
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5.5 Policy assesment

5.5.1 Simulation results

In this section, a part of the results derived from the plan evaluation will be presented

and discussed

Table 23 Simulation scenario results

KPI/Scen | BAU 2.1 2.2 2.3 2.4 3.1 3.2 3.3 4

ario

ACTIVE 0.44 0.54 0.56 0.54 | 0.57 0.53 0.53 0.57 0.38

TRANSP

ORT

SPLIT

MOTORIZ | 0.56 0.46 0.44 0.46 | 0.43 0.47 0.47 0.43 0.48

ED

TRANSP

ORT

SPLIT

PUBLIC 0 0 0 0 0 0 0 0 0.14

TRANSP

ORT

SPLIT

PASSEN | 34969 | 34176 | 35350 | 3433 | 35447 | 33881 | 339197 | 359757 | 3427

GER 6.8 1.6 5.6 6 1.4 7.6 .76 12 70

KILOMET

ERS

VEHICLE | 28570 | 28865 | 30060 | 2900 | 30245 | 28520 | 285520 | 306960 | 3427

KILOMET |0 0 0 00 0 0 70

ERS

— MEAN | 6min émin émin émin | 7min 2 | 6min 7 | 6min 7min 12

TRIP 17 sec | 48 sec | 54 sec | 49 sec sec 27 sec | 45sec | min

DURATIO sec

N

— MEAN | 3,67k | 6,93 6.93 6.93 | 6.93 3.65 3.95 7.93 4.29

TRIP m km km km km

DISTANC

E

SHIFT TO 10% 12% 10% | 13% 9% 9% UP | 13% 6%

ACTIVE UP UP UP UP UP UP DO
WN
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SHIFT TO 10% 12% 10% | 13% 9% 9% 13% 6%
MOTORIZ DOW | DOW | DO DOW | DOW | DOWN | DOWN | UP
ED N N WN | N N

ACCIDEN | 0.82 0.68 0.67 0.68 | 0.66 0.68 0.68 0.67 0.73
TS

The initial comparison of BAU, 2.4, 3.3 and 4.1 scenarios reveals some interest-
ing findings. It can be noticed that 2.4 and 3.3 are the extreme versions of Scenarios
2 and 3, meaning that all the bike lanes are implemented in 2.4, and the whole area
of Chios city center is pedestrianized in 3.3. After noticing this fact, the difference in
the various indicators presented in Table 23.

A first remark is the shift to active and motorized in the various scenarios. In the
BAU scenario, motorized transport accounts for more than 50% of the modal split in
the area. In both 2 and 3 Scenarios, active transport overtakes motorized as domi-
nant mode. In the case of bike lanes with 55% and an impressive 11% rise from BAU
scenario and the case of a pedestrian road with 51%. Scenario 4 drops the share of
active transport, butit allocates a 14% share to public transport, which is non-existent
in the BAU scenario.

Considering that overall trips do not change, at least in scenarios that have the
base year population; it does change in the scenarios that run on forecasts, the travel
times and distances are interesting to discuss. Scenario 3 is the only scenario that
marginally reduces travel time and distance. This may be attributed to the shift of
short distance trips in the central zones from motorized to active, thus avoiding con-
gestion and parking finding delays. Scenario 4 longer travel times are attributed to
the mode change in park and ride stations. Scenario 3 has the longer travel times.
There can be two explanations for this: a) the overall shift to active transport which
has longer travel times and b) the re-routing of motorized trips to longer routes to
avoid the dedicated bike lanes in some of the busy links of the network. The differ-
ences between Scenarios 2 and 3 can also be attributed to the fact that Scenario 3
intervenes in the city center, while Scenario 2 extends its intervention to the city sub-

urbs.
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Figure 33 Traffic in various links/scenarios

The network simulation can provide hourly counts for every link in the network
in every different scenario. This is an important aspect of the simulation model and
the platform of the thesis, as it provides information to the decision makers such as
the diversion of the traffic when a link closed to motorized modes or is allocated a
bike lane and the extent of traffic congestion in high demand periods or forecasts.
Figure 33 presents the different hourly traffic forecasts for Scenarios BAU,2.4 and 3.3
in four different links in the study area. The differences are in the £200 PCUs in al-
most all four links and 3 scenarios, except for the case of the coastal/port road in
Scenario 3, which of course is pedestrianized and has no motorized traffic. Scenario
3.3 also leads to a ~200 PCUs in the municipal garden road, a straight result of the
pedestrianization of the routes in the city center. It must be noted that this does not
lead to traffic congestion in the static model. Kountouriotou Street is affected by
both 2.4 and 3.3 and has a higher hourly traffic than the basic scenario. Handakos

street, on the other hand, seems to be mostly unaffected by the different scenarios.
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5.5.2 Forecasts and Sensitivity Analysis

As an initial work of this chapter population, car ownership, and GDP forecasts were
made for two future horizons. These forecasts seem to have a minimal effect on ag-
gregate and disaggregate travel numbers such as a number of trips. For example, in
the case of population growth, the average change of trips in some of the networks
zones is =1 trips. It was decided to use a sensitivity analysis, to analyze the effect a

+20% population change would have to the overall trip number of the network.

200,
Ve 20% N
86326
h +20% e

Figure 34 Overall trip change

As depicted in Figure 34 a 20% drop in the total population results in almost 11.000

fewer trips and a 20% rise in 9000 more.
Table 24 Synthetic population results

Zone Synthetic | -20% +20%
population
for 2015
Chios-1 | 657 541 773
Chios2 | 547 451 643
Chios-3 | 1269 1046 1492
Chios-4 | 687 566 808
Chios-5 | 317 261 373
Chios-6 | 635 523 747
Chios-7 | 805 663 947
Chios-8 660 544 776
Chios-9 1156 953 1359
Chios- | 692 570 814
10
Chios- | 1036 854 1218
11
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Chios- | 300 247 353
34

Chios- | 703 579 827
35

Chios- | 465 383 547
36

Chios- | 387 319 455
37

Chios- | 336 277 395
38

Chios- | 242 199 285
39

Chios- | 422 348 496
40

Chios- | 568 468 668
41

Total 27211 23129 | 31293
for

Chios

town

This is anticipated as the trip generation module is based on population size.
The rise in trips in the high population forecasts may lead to congestion in some
links. For example, in Scenario 3.3/High Population links Tsouri and Kountouriotou
depicted in Figure 35 are predicted to be congested, Kountouriotou has a
1400/hour and Tsouri 1000/hour traffic, which may be lower than the capacity but
taking into account that this is a static model, the probability of the roads being
congested during peak hours is high. Actual traffic counts in the area, which depict

the temporal variance, can confirm this.
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Figure 35 Snapshot of the simulation model results

Another type of forecast that is conducted has to do with the average daily expenses
for fuel. This forecast is dependent on the presence of alternative fuel vehicles (AFVs)
on the network. Using data from Chapter 6, more specifically from the hybrid choice
model about an alternative vehicle purchase, Figure 36 depicts the average ex-
penses for fuel in a daily basis on BAU and Green scenario (of the hybrid choice

model, not of the simulation). This is further discussed in Chapter 6.
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24000
)
22000

20000
2015 2020B 2020G

Figure 36 Future Fleet effects on fuel cost
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The graph reveals two facts: The presence of AFVs in the network lowers the average
daily fuel consumption about 5000 euros. Also, the difference between the two sce-
narios (described in Chapter 6) is smaller compared to the difference with the pre-

sent situation.

5.6 Conclusions

This chapter attempts an exploratory analysis into the effect that green policy
measures have on the overall network performance and the well-being of residents
and tourists in the study area. Particular attention is given to sustainable transport
solutions, such as the creation of bicycle lanes and the pedestrianization of certain
links.

Chapter 5 initially provided an insight into how green transport is defined, what
does it include and what solutions does it provide. This insight is useful because it
defines the terms and sets the base for further discussion and evaluation of the effect
various sustainable transport solutions have on the network. This analysis is done
independently from the modeling analysis on other chapters but is aimed to be com-
parative to the future fleet purchase analysis to measure the effect that these differ-
ent philosophies have on the overall well-being of the citizens.

The analysis initially provides information about the study area and the zoning
system that is chosen for this analysis. The particularities of the study area, available
secondary data, and primary data are presented. The final choice about zones was
to regard the rural places of the island as three external zones (North, Central, and
South Chios) and to focus on 41 internal zones in the center of Chios, where the
adverse effects of transportation are more evident. The 41 internal zones are derived
from over 500 mini-zones, resident blocks that are the more detailed level of sec-
ondary data available. The data for each zone is a synthesis based on secondary data
from the census, primary data from over 1000 household and person interviews, GPS
collected data, population and other data projections and the synthetic generation
of households and persons to match the actual situation.

The analysis continues with the presentation of the 4-step model methodology
that is used to assess the various, selected green policy measures. The creation of
the transport network from scratch, the classification of different links, the integration

of the zoning system and the introduction of the various means of transportation into
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the model are all part of the model formulation. The 4-step model is modified in two
main ways from the traditional 4-step model. First, the trip generation model is for-
mulated using synthetic population data to use the most recent data available and
to guarantee the best model fit. Additionally, the trip distribution model uses Points
of Interest as weighting factors, directly derived from Google places ensuring that
each zone is allocated a specific weight factor that is derived through actual
crowdsourcing, through the citizens’ active actual preferences.

Results from the scenario assessment provide useful insight into the performance of
the proposed measures. It is evident that in both the scenario groups of active
transport, bike lanes and pedestrianization, the share of active transport in the modal
split is significantly higher. This is an expected result. Also, other KPIs such as acci-
dents or passenger kilometers (in some scenarios) return positive results. It is also
evident that in some cases (especially in the bike lane scenarios) the passenger kilo-
meters, the mean trip duration and distance rise compared to the base scenario. This
is due to the various changes that a rise in active modes impose to the transport
system. Impedance and skim matrices vary, different routing options are present (es-
pecially in the pedestrianization scenarios), and in every case bicycle and walking
are slower modes than car and motorcycle. When assessing the various policy
measures, one must weight benefits and sacrifices. In any case, promoting a more
sustainable, safe and cleaner urban environment needs at least strong commitment

by the public authorities and patience for longer travel times from the citizens
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Chapter 6: Long-term tier -

Fleet choice

6.1 Introduction

Alternative fuel vehicles (AFVs) and connected and automated vehicles (CAVs) are
widely regarded as a more sustainable alternative to fossil fuel vehicles and as a re-
sponse to the widespread externalities of transport especially CO2 emissions. How-
ever, the market penetration is not yet at a significant level. Apart from this, AFVs
have gained controversial reviews, with public opinion often regarding them as un-
reliable, unnecessary orimmature. Also, CAVs have a public opinion of an immature
technology that is on the fringes of science fiction. Thus it is important to understand
the relationship between the perceptions of individuals for vehicles and their will-
ingness to purchase a vehicle.

Some studies, such as (Campbell et al., 2012; Jin et al., 2015; Larson et al., 2014),
approach the subject of car purchase by measuring the effect of attitudes and per-
ceptions. Other studies investigate the relationship between the willingness to buy
an AFV and certain personality traits. Nordlund et.al. (Nordlund et al., 2016) in a
recent article argue that different groups of car owners (conventional vehicles, AFVs,
EVs) have different norms and set of values, with owners of AFVs being more open
to change, less conservative and more aware of the external costs of transportation.
This thesis addresses this topic by presenting an integrated modeling framework to
explore future car purchase, especially AFV and CAV, based on certain personality
traits. It describes a menu-based, modular approach to a car purchase, where the
respondent can choose different levels of various attributes to construct their ideal
vehicle. This method is distinct from the traditional stated preference experiments,
in which ready products appear to the respondent. In this case, the respondent has
the full choice set to choose from, with each attribute level having a price that sums

up to the final vehicle price.
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More specifically this thesis estimates a hybrid choice model to measure the effect
that the pro-environmental attitudes the symbolic towards a car and the tech-friendly
attitudes have on the future car purchase choice of the individuals. Results from the
case study of the thesis reveal that using just a symbolic latent variable; we call it
Exuberance, can lead to different results depending on the study area and lifestyle,
and that using two or more latent variables can provide a further and more detailed

investigation of future car purchase.

6.2 Methodology

This section describes the proposed methodological framework to study future car
purchase. Itinitially presents the questionnaire design and implementation and then

the modeling framework and related equations.

6.2.1 Survey Design

The “Future Car Purchase” survey was developed as part of the data collection effort
conducted for the “Green Transport in Islands” in the Greek islands of Lesvos and
Chios (2013-2015). The survey was carried out in parallel with other survey instru-
ments that collected data regarding socio-economic characteristics, activity diaries,
GPS traces, Stated Preferences experiments about mode choice and tourist destina-
tion choice, spending patterns and attitudinal data (see for more details(Tsouros et
al., 2015a)).

The web survey presented the respondent with a menu-based approach. A “build-
your-own" section was presented to each respondent in which he/she could choose
between levels of different attributes such as engine size, car type, car edition and
fuel type, actively constructing his/her ideal vehicle. Then, a price for the selection
would appear on the screen, and the respondent had the opportunity to either ac-
cept the constructed vehicle and submit his/her choice or re-construct the vehicle
from the beginning or by changing the levels of some attributes. Every different at-
tribute level had a specific price for its selection which is visible to the respondent at

all times.
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This process is repeated two times for each respondent, one for each different future

macroeconomic scenario. The two scenarios ask the respondent to imagine that the

described circumstances will be the reality in 5 years from now. The initial scenario

is the Business as Usual (BAU) scenario which predicts a continuing economic stag-

nation in Greece, with a similar situation in wages, GDP and unemployment, lower

gas prices and similar emission taxes. The green scenario predicts a small growth in

macroeconomic indicators, less unemployment, higher gas prices and higher taxes

on emissions.

The menu-based approach can also be described as a modular approach, where the

respondent can pick different modules to create the ideal vehicle. Table 25 presents

the attributes and levels: engine and car size, fuel type and degree of automation.

Table 25 Alternative attribute variables (with variable name)

- CS6

Engine Size (CC) | Car type Fuel type Car version Degree of
Automation
1000-1199 — CC1 | Small city car | Regular gas — | Basic version | No Automa-
- CS1 FT1 — CEf tion — AT1
1200-1599 — CC2 | Medium city Diesel - FT2 | Comfort ver- | Function-
car—CS2 sion — CE2 Specific Au-
tomation —
AT2
1600-1999 — CC3 | Sedan — Fam- | Hybrid — FT3 | “Hi-Tech” ver- | Combined
ily car — CS3 sion — CE3 Function
Automation
—AT3
2000 - CC4 SUV -CS4 Electric — FT4 | Sports ver- Limited
sion — CE4 Self-Driving
Automation
—AT4
Sports car — Natural gas — | Full extra — Full Self-
CS5 FT5 CE5 Driving Au-
tomation —
AT5
Pick-up truck Luxury — CE6

This survey design creates a large, exhaustive choice set: a full choice set.

Every constructed alternative varies from another by at least one attribute level. The
number of alternatives in the full choice set is 3600 (4x6x5x6x5). We coded the dif-

ferent alternatives starting from Alternative 1 in the following way:
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Alternative1: ENGINESIZE1 (Engine Size) - CARSIZE1 (Car Type) - FUELTYPE1 (Fuel
Type) - CAREDITIONT1 (Car Version) - AT1 (Degree of Automation)
Alternative2: ENGINESIZE1 (Engine Size) - CARSIZE1 (Car Type) - FUELTYPE1 (Fuel
Type) - CAREDITIONT1 (Car Version) - AT2 (Degree of Automation)

Alternative3600: ENGINESIZE4 - CARSIZE6 - FUELTYPES - CAREDITIONG - AT5

Starting from Alternative1, AT starts from 1 and runs through 5 then CAREDITION
runs from 1 to 6, then FT is set to 2, and again CAREDITION runs from one to 6, until
FT is setto 5. Then CARSIZE is set to 2, and the whole process is repeated until EN-
GINESIZE is set to 4.

This is also the way the utilities are formed, for example:

Vo = Bcc1 * CCL+ Besy * CS1+ Ppry * FT1 + Begy * CE1 + Bary * AT4 + Bpricia
* PRICE4

This methodology creates 3600 different alternatives.

The case-study presented in this thesis includes only the following 4 attributes and
has 720 different options. From the total of 720 utilities, only the 100 chosen by the
respondents are used. The attributes used in the case study are engine size, car size,
fuel type and car edition

6.2.2 Effect of latent traits

To understand the relationship of symbolic attitudes towards vehicle types we have
to use a combination of latent variables. Table 26 presents the possible user types
that the two latent variables can produce. The use of one latent variable may result
in very different purchase choices. For example, a person who has exuberant atti-
tudes towards vehicles could be a potential buyer of an AFV if they also have a pro-

environmental stance, but could also be a regular, gasoline car buyer if they do not.
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This hypothesis is going to be tested using the following modeling framework. The

case study tests this by creating a latent variable called Exuberance which is similar

to the definitions of symbolic view of vehicles that is found in the literature. The rela-

tionship of this latent variable with different cars, based on fuel type and car size

differences will be able to verify the need for more than one latent variables to clas-
sify potential buyers of AFVs and CAVs. It must be noted that for CAVs a third varia-

ble measuring the “Tech-Savviness” of the individual may be used. Data from social

media and the extensiveness of use, possession of gadgets, age, and occupation,

can be utilized as input for the structural model of the “tech-adaptation” latent vari-

able.

Table 26 Latent traits and user profiles

Latent Trait

Exuberance

Tech-Saviness: Yes

Tech-Saviness: No

Yes

Eco-friendliness
Yes

Ecological
conscious
with  sym-
bolic view
of vehicles
and tech
savvy -
Prone to
purchase
both an
AFV and a
CAV

No Ecological
conscious
without
symbolic
view of ve-
hicles — Bi-
cycle user/
Non-motor-
ist — May
have a
small
chance to

No

Indifferent about
environment
with  symbolic
view of vehicles
— Prone to buy a
large, gasoline
fueled car or a
CAV

Indifferent about
environment
with practical
view of vehicles
— Decides future
vehicle
purchase
‘rational”  way,
taking into ac-
count more prac-
tical attributes
such as perfor-
mance or price —

in a

Eco-friendliness

Yes
Ecological
conscious
with sym-
bolic view of
vehicles — In-
clining to-
wards AFV

Ecological

conscious

without sym-
bolic view of
vehicles — Bi-
cycle user/
Non-motorist

No
Indifferent
about envi-
ronment with
symbolic
view of vehi-
cles — Prone
to purchase
a high, gaso-
line fueled
car but no
CAV

Indifferent

about envi-
ronment with
practical

view of vehi-
cles — De-
cides future
vehicle pur-
chase in a
“rational”

way, taking
into account
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purchase Because of tech more practi-

CAV savviness may cal attributes
be prone to buy such as per-
a CAV formance or

price

6.2.3 Framework

Figure 37 presents the overall modeling framework. The three latent variables are
structured from socio-demographic data such as gender, age, occupation, educa-
tion, income, and possession of gadgets (such as a smartphone). They then are
measured through indicators. Indicators are Likert scale attitudinal questions, /7 to
I5 are used to measure Exuberance while 16 to 10 to measure Eco-Friendliness and
111 to 115 to Tech-Savviness. The various alternative attribute variables, the modules
of constructing the ideal vehicle are inserted directly into the utility function of the
alternatives, as well as, the latent variables. The goal of this framework is to measure
the effect that each level of each attribute has on the car purchase choice and also
to see how the latent variables affect the selection of specific vehicles. This frame-
work will test our initial hypothesis that each combination of these three latent varia-

bles will influence the future purchase choice in a different way.
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| enjoy the sound of the

Gender (Z,9) L e LR L L e L vehicle engine a lot (/1)
: Latent Variables : The vehicles I own show
Age (Zp2) : —_— : "who | am" (/2)
. | may envy somebody :
! E Exuberance : ' with a nice vehicle (/3) '
E ' E 5 The vehicle brand is more important E
! Smartphone (Z,4) B : : than the vehicle characteristics (/4) H
: - - : ; The vehicles | own provide 5
Education (Z,5) / R T ). prestige to me (/5) !
: Eco-friendliness : :
H H | believe that protecting the
H Income (Z,,¢) H environment is a critical issue (/g)

______________________________

I act in an environmentallyfriendly
manner(;7)

Tech-Saviness I recycle in a weekly

Occupation (Z,3) '.___)

—— : basis(/g) :

Engine Size (Xjc0) H H

: ' H | take part inenvironmental H
: : : : action (/ :
: Car Size (Xpcs1 - Xpess) e R L L L EE LR L LR & H 9 E
: wn I'use energy :
: Car Edifion (X, ce7 : savinglightbulbs (/10) H
: - Xnee6) : I'rely on technology to :
' . et things done (/11 :
: Fuel Type (Xnst1 - Xnfis) ; g g (I11) ;
' i The internet is a big part of my E
H Level of Automation Utility of alternative : everyday life (/;,) '
: Xnia1-X; : ;
: Xniat-Xrias) : I'own a large number of :
: Price (Xnprice) . en ; gadgets (/13)
' 5 H Our civilization stops when H
R : H there is not electricity (/) :
4 E My life would be extremely hard 2

Choice Indicator y,, Aithout technology (ie) :

Figure 37 Modelling Framework

6.4 Descriptive statistics

6.4.1 Study Area

The island of Chios is described extensively in Chapter 3.
The island of Lesvos is also located in the Aegean Sea, north to Chios. It is the third-
largest Greek island with a population of almost 86,000 one-third of which are

located in the main town of Mytilene. There were 25,632 private owned vehicles on
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the island as per 2015. The effect of seasonality is high on both islands as the popu-
lation tends to double during summer months, creating a very different transport
demand situation. The presence of AFVs and CAVs is almost non-existent in both

islands.

Table 27 Socio-Demographics

Socio-demographic characteristics n=515
Characteristic Category Percentage
Age 18-30 42.9
31-59 40.4
60+ 16.8
Gender Female 51.3
Male 48.7
Car License Yes 79.0
No 21.0
Motorcycle License Yes 53.0
No 47.0
Occupation Employer 3.5
Freelancer 12.9
Employee 26.9
Household/Housewife 8.8
Unemployed 2.9
Pensioner 11.1
Student 20.5
Not Stated 13.5
Education No Education 3.7
Elementary 5.6
High School 13.7
Lyceum 36.6
IEK (~Community college) 9.9
AEI (University) 24.5
Master 4.3

Table 28 Indicator descriptive statistics

Indicators of Exuberance Mean | SD
l1 The vehicles | own show "who | am." 2,51 1,147
I2 | may envy somebody with a nice vehicle 2,94 1,366

Is The vehicle brand is more important than the vehicle char- 2,83 1,231
acteristics
I+ The vehicles | own provide prestige to me 2,65 1,241
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Is | enjoy the sound of the vehicle engine a lot 3,85 1,958

Indicators of Eco-Friendliness Mean | SD

I1 :1 believe that protecting the environment is a critical issue 5.52 .963
I2: I act in an environmentally friendly manner 4.66 1.073
Is: | recycle in a weekly basis 4.21 1.511
l4: 1 use my shopping bag, not those of the supermarkets 3.88 1.523

5. | use resources (energy, water, electricity) in a sustainable | 4.78 1.354
manner (wisely)
ls: | walk or cycle to minimize my ecological footprint 3.79 1.804
I7: | take part in environmental action (reforestation, cleaning 3.66 1.587
of shores etc.)

ls : | use energy saving lightbulbs 5.07 1.414
lo : 1 use class A home appliances 5.03 1.377
Indicators of Tech-Saviness Mean | SD

I1 :l rely on technology to get things done 4.00 1.72
I2: Internet is a big part of my everyday life 3.91 1.83
Is: I own a large part of gadgets 3.85 2.03
l4: Our civilization stops when there is no electricity 3.86 2.04
Is: My life would be extremely hard without technology 4.02 2.02

6.5 Model results: LV Exuberance and LV
Tech-Saviness

This section presents the results of the model and in particular, the results of the
structural and measurement model of the Exuberance and Tech-Saviness latent var-
iables and the choice model. The model that is presented in this section is a two-
variable, HCM.
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Table 29 Structural model results

Variable name: |b t-stat
Exuberance

mean 3.83 43.61
Age (>65) 0.038 2.86
Female -0.005 -0.23
Has Smartphone | 0.02 1.85
Graduate De- 0.099 1.98
gree

Has motorcycle | 0.137 2.47
license

sigma -0.252 -2.82
Variable name: |b t-stat
Tech-Saviness

mean 7.72 18.02
Education level: | 0.82 7.46
University and

higher

Age (as continu- | -0.28 -5.725
ous variable)

Number of cars 0.40 1.552
in the household

Occupation: Pri- | 0.254 1.92
vate Employee

Occupation: 0.410 2.72
Freelancer

sigma -0.340 -3.01

Table 29 presents the results of the structural model of the latent variables. As can
be viewed from these results, older age, higher education motorcycle license hold-
ers are more likely to have symbolic attitudes towards vehicles. Also, owning a
smartphone has a positive sign and gender is not statistically significant, contrary to
literature findings that mostly find men having strong symbolic links to vehicles and
woman tending towards more practical ones. Working as a freelancer or private em-
ployee, being younger, and having higher education are the variables that are sta-
tistically significant in the structural equation model of the Tech-Saviness LV. Number

of cars does not seem to be a statistically significant variable.
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Table 30 Measurement model results

Exuberance Tech-Saviness

Variable B t-stat Variable B t-stat
name name
al aal
a2 -13.4 -3.68 aa2 -22.2 -4.42
a3 -12.4 -2.37 aa3 -10.9 -5.20
a4 -5.17 -2.27 aad -9.01 -4.20
ab -13.8 -1.78 aab -2.82 -4.12
| enjoy the I rely on
sound of the technology
vehicle en- to get things
gine a lot done
The vehicles | | 4.12 2.82 Internetisa | 1.94 8.42
own show big part of
"who | am." my everyday

life
| may envy 3.98 2.82 lownalarge | 0.72 10.92
somebody part of gadg-
with a nice ets
vehicle
The vehicle 2.08 2.75 Our 4.90 7.40
brand is more civilization
important stops when
than the vehi- there is no
cle character- electricity
istics
The vehicles | | 4.26 2.81 My life 3.12 2.80
own provide would be
prestige to extremely
me hard without

technology
s11 1.94 32.03 ssi 0.33 40.02
si12 -0.916 -13.70 ss2 -0.54 -28.90
s13 -1.11 -27.15 ss3 0.74 -18.78
s14 -0.603 -31.23 ss4 0.87 -24.20
s15 -0.467 -19.38 ssb -0.58 -12.12

Table 30 presents the results of the measurement model.
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Table 31 Choice model results

Variable Name B t-stat
Beei 5.71 2.07
Bee: 6.96 2.20
Bcesz 5.58 7.20
BcsotHer 412 8.81
Brrcas 8.24 5.54
BFrHYBRID 6.77 6.44
Bcez2 6.35 6.34
BceotHer 1.84 8.26
Bprice -2.05 -9.23
y Exuberancel -0.281 -3.68

(specific to alter-
natives with hy-
brid fuel)

y Exuberance? 0.175 2.89
(specific to alter-
natives with en-
gine size larger
than 1600CC)
yTechSaviness 4,12 8.20
(specific to alter-
natives with Auto-
mation levels 4 or

5)
rho-square-bar 0.584
Draws 10,000

Table 31 presents the results of the choice model. The second level of engine size
attribute (sizes from 1200 to 1599 CC) seems to be the preferable among respond-
ents, followed by the small-sized engines and leaving the larger sizes last. The sec-
ond tier of car size is preferred (a medium sized city car), all the larger sizes than that
come second in preference and small sized city car last. When considering fuel type,
gasoline is the preferred one, followed by hybrid and leaving diesel, electric and
natural gas as third options. Comfort version of car edition (a level up from the basic
one) is the preferred car edition, followed by all other, more expensive editions
which are preferred to basic edition.
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The latent variable Exuberance negatively affects the choice to buy a hybrid fueled
vehicle. This relationship means that respondents holding symbolic attitudes to-
wards vehicles do not prefer hybrid fueled cars as a purchase choice. Also, the latent
variable positively affects the choice to buy a product with more than 1600 CC en-
gine size.

The latent variable Tech-Saviness positively affects the purchase of vehicles that have
higher or highest automation levels, levels 4 or 5. This is a well-expected result as
people that are more technology friendly and adapted are expected to have a more
positive attitude towards automated vehicles and be more familiar with the idea of

purchasing one.

6.6 Model results: LV Environmental Con-

scioushess

We hypothesize that the latent variable has a significant effect on the choice of
vehicle purchase and more specifically, that it strongly affects the choice of Hybrid
and Electric vehicle and may also have an effect, in a subtle way, on the choice of
Natural Gas or Diesel vehicle, capturing the effect of making a shift from traditional
(over 95% of the study area) Gasoline vehicles. Itis also expected to affect negatively,
the purchase of Gasoline vehicles.

The overall utility of choice is a function of socio-demographic characteristics, alter-
native attributes, and the latent variable. The effect of the vehicle price is measured
with alternative specific betas.

The equation for the choice model is presented below:

V1 = ASC_GAS *one + B_COSTG * GAS_COST_SCALED + B_GasCC1 * GasCC1 +
B_StudentG * Student + B_FreelancerG * Freelancer + B_LastYearBuyG * LastYearBuy
+ Egas

V2 = ASC_DSL *one + B_COSTD * DSL_COST_SCALED + B_DieselCC4 * Diesel CC4
+ B_Cars * Cars + £4s)

V3 = ASC_HYBR * one + B_COSTH * HYBR_COST_SCALED + B_hybridCC4 * hy-
bridCC4 + B_FreelancerH * Freelancer + B_StudentH * Student + B_IncHigh * In-
comeHigh + G_ECOF_HYB * EcoF + &nyp

V4 = ASC_EL *one + B_COSTE *EL_COST_SCALED + B_Educ8 * Education8 + B_In-
cLow * IncomelLow + G_ECOF_EL * EcoF + &

V5=ASC_NG *one + B_COSTN * NG_COST_SCALED + B_NatGasCC2 * NatGasCC2
+ B_NatGasEdition3 * NatGasEdition3 + enqg
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EcoF = OEcoF + 6Gender * Men + 6Age * Ageunder30 + BPensioner * Pensioner +

OEduc * Lyceum +8Student * Student+ BEmployee * Employee+cwEcoF

Table 32 contains the description of the variables used:

Table 32 Variable description

Variable name

Variable description

DSL_COST_SCALED

Cost of diesel alternative in the experiment di-
vided by 1000

DieselCC4 Dummy variable taking the value 1 if Diesel en-
gine in the experiment is over 2000 cc
Cars Continuous variable indicating number of cars

in the household

EL_COST_SCALED

Cost of electric alternative in the experiment di-
vided by 1000

Education8 Dummy variable taking the value 1 if the re-
spondent holds a Master’s degree
Incomelow Dummy variable taking the value 1 if the

respondent has a lower than 10000 yearly in-
come

GAS_COST_SCALED

Cost of gas alternative in the experiment di-
vided by 1000

GasCC1 Dummy variable taking the value 1 if Gas en-
gine in the experiment is between 1000 and
1199 cc

Student Dummy variable taking the value 1 if the re-
spondent is a student

Freelancer Dummy variable taking the value 1 if the

respondent is a freelancer

HYBR_COST_SCALED

Cost of hybrid alternative in the experiment di-
vided by 1000

HybridCC4 Dummy variable taking the value 1 if Hybrid en-
gine in the experiment is over 2000 cc

IncomeHigh Dummy variable taking the value 1 if the re-
spondent has a lower than 10000 yearly income

LastYearBuy Dummy variable taking the value 1 if the
respondent has bought a car during the 2 previ-
ous years

NatGasCC2 Dummy variable taking the value 1 if Natural

Gas engine in the experiment is between 1200
and 1599 cc

Variable name

Variable description
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NatGasEdition3 Dummy variable taking the value 1 if Natural
Gas edition in the experiment is “Hi-Tech” ver-

sion
EcoF Latent variable
Men Dummy variable taking the value 1 if the re-

spondent is a man

Ageunder30 Dummy variable taking the value 1 if the
respondent is aged under 30

Pensioner Dummy variable taking the value 1 if the
respondent is a pensioner

Lyceum Dummy variable taking the value 1 if the
respondent is a lyceum (high school), graduate

Employee Dummy variable taking the value 1 if the

respondent is an employee

Vehicle choice model

The vehicle choice model was estimated in pythonbiogeme (Bierlaire, M. 2003) soft-
ware. The model was estimated as a multinomial logit model (MNL), and then it was
enriched with the presence of a latent variable, as discussed earlier. Separate results

for the two models are presented in Table 33.

Table 33 Model estimation results

Results MNL Model MNL with la-
tent variable
Coef. | t-stat. Coef. t-
stat.
ASC_DSL -1.58 | -0.62 0.0394 0.05
ASC_EL -1.30 -0.44 -1.30 -0.54
ASC_GAS -3.10 | -1.25 -0.580 -0.45
ASC_HYBR 1.36 0.55 -4.30 -1.98
ASC_NG 0.00 (fixed) | 0.00 (fixed)
B_COSTD -0.746 | -4.84 -0.507 -4.08
B_COSTE -0.786 | -3.96 -0.427 -3.08
B_COSTG -0.509 | -4.01 -0.415 -3.34
4
B_COSTH -0.688 | -4.51 -0.226 -2.65
B_COSTN -0.934 | -4.26 -0.543 -3.29
B_Cars 1.05 2.26 0.755 1.94
B_DieselCC4 3.18 1.88 -0.251 -0.17
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B_Educ8 3.27 2.52 2.87 2.55
B_FreelancerG -2.28 | -2.88 -1.09 -1.72
B _FreelancerH -5.19 -3.99 -2.80 -2.67
B_GasCC1 1.40 2.16 0.815 1.42
B_IncHigh -2.89 | -2.60 - -
B_IncLow -4.75 -0.21 - -
Results MNL Model MNL with latent

variable

Coef. | t-stat. | Coef. t-stat.

B_NatGasCC2 1.63 1.75 1.33 1.73
B_NatGasEdition3 2.47 2.35 0.869 0.96
B_StudentG -2.69 | -3.09 -1.35 -2.07
B_StudentH -2.94 | -3.07 - -
B_hybridCcC4 17.6 | 0.72 - -
B LastYearG - - -2.49 -2.64
EcoF (specific to Hybrid) : : 0.585 2.21
Observations 206 206
p squared 0.493 0.552

Table 34 Structural and Measurement model

Structural Model
Coeffi- t-
cient stat
SEcoF 3.71 16.61
Men -0.589 -3.12
Ageunder30 1.09 4.90
Employee -0.952 -3.99
Lyceum (HighSchool) 0.963 3.04
Pensioner -0.924 -2.83
Student -1.39 -5.07
OEcoF 1.16 12.42
Measurement Model
Coeffi- t-stat
cient
al 3.59 0.178
a2 1.98 0.214
a3 1.96 0.198
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a7 0 -

a8 2.13 0.285
Al 0.714 12.89
A2 0.783 13.23
A3 0.611 12.48
A7 1 -

A8 0.874 11.12
ol 0.615 16.11
o2 0.526 10.54
o3 1.38 18.87
o7 1.19 17.06
o8 1.05 17.26

Results of the MNL model reveal that when the coefficient for natural gas is fixed, all
other coefficients, but the ones for hybrid, are negative. Natural gas has the higher
sensitivity to price, slightly larger than electric, diesel, and hybrid in that order. Gas-
oline has the lower sensitivity to price. This result was expected as the survey was
designed to add extra cost for the adaptation of an alternative fuel vehicle, in order
to simulate the actual condition in the market (even diesel cars or the cost of trans-
forming a car to run on natural gas are more expensive than regular gasoline cars in
Greece).

Large engine cars (over 2000cc) are preferred in the cases of hybrid and diesel fuel
type, which agrees with the relevant literature. In the case of natural gas, medium
sized cars are preferred while the presence of a small engine car in the task, posi-
tively affects the choice of a gasoline car. It must be noted that a small engine car
with a gasoline engine is the less expensive alternative for a respondent. Natural gas
"hi-tech" edition was found to affect the choice positively. This result can be
explained by looking at the descriptive statistics of the sample: most the respond-
ents that chose a "hi-tech" version of a car in the BYO task, were older than 50 years.
The association of a less expensive and well-known alternative to gasoline may be
the reason that seniors choose the hi-tech version of natural gas. However, a dummy
variable of older ages, despite its positive coefficient, was not found to be statistically
significant and thus, was not incorporated into the model.

Socio-demographically wise: Lower income negatively affects the choice of an elec-
tric vehicle, which is to the relevant literature. Individuals with higher income, are the
ones considering purchasing an electric vehicle. Students avoid hybrid and gasoline

choices (with similar negative coefficients), but, young individuals of higher income,
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prefer a hybrid, also in agreement with the literature. Freelancers avoid gasoline al-
ternatives, something expected from the literature review, but also avoid (and even
with a higher negative coefficient) the hybrid choice. This was an unexpected result,
which could be attributed to the higher percentages of freelancers, aged older than
40 in the sample. Finally, the presence of more cars in the household seems to affect
the purchase of a diesel car positively. This may indicate a tendency of "car lovers"
to select a different (but not so "green") alternative to gasoline, or large families to
choose another less expensive but "safe" alternative to gasoline.

The model with the latent variable shows an improvement on the overall fit of the
MNL. In this model, with the natural gas coefficient fixed again, the only positive co-
efficient is the diesel. The hybrid coefficient, probably through the influence of the
latent variable, becomes negative. Most of the variables have the same effect as be-
fore. The latent variable EcoF positively affects the choice of a hybrid fueled vehicle
and is statistically significant. This is the only alternative that Ecof variable has a sta-
tistically significant effect.

Table 34 presents the structural and measurement model results. Structural model
variables are all statistically significant and have the expected sign. The negative in-
fluence of the variable Student, indicating either a university or a high school student
was not expected, but the overall sample (not only the one used for this model) con-
tains mixed student attitudes about environmental consciousness. People aged un-
der 30 and that have at least obtained a high school degree are positive towards
environmental friendly attitudes, by the literature. This model also reveals that
women are more positively inclined to eco-friendliness than men. Pensioners and
employees are not considered eco-conscious. Measurement model results are sta-
tistically significant and with the expected sign.

To verify that the model's identification, a sufficient number of draws have been used
to reduce possible bias. 5000 draws were used in order to ascertain the stability of

the parameter estimates.

6.7 Findings and discussion

This chapter proposed an integrated framework to model future car purchase of a

conventional vehicle, an AFV or a CAV using three latent variables to account for
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behavioral heterogeneity, latent personality traits that affect the purchase decision.
It did that by presenting a modular/menu based approach to the survey respond-
ents. To our knowledge, this is the first study that attempts such an investigation us-
ing a full choice set, presenting the respondents with a menu style choice experi-
ment where they can construct their ideal vehicle based on different levels of differ-
ent attributes.

The chapter tested the methodology by designing and implementing a hybrid
choice model in a case study of the Greek islands of Chios and Lesvos. The results
of the applied methodology include classification of these levels. Medium sized city
cars, with an engine size in the range from 1200 to 1600 CC, gas fueled and a level
up from basic edition are the most popular vehicles according to the choice model.
These are the levels that have the higher coefficients of the model. Of course, the
price of the constructed vehicle has a negative effect on the choice. The effect of the
latent variable, which reflects the symbolic attitudes towards cars, is negative on the
choice to purchase a hybrid vehicle and positive on the choice to buy a car with a
large engine.

The results about the effect of symbolic attitudes and perception on the willingness
to purchase an alternative fuel vehicle are in accordance with some of the existing
literature and disagree with another part. In a considerable number of the thesis, the
high symbolic view of cars (as opposed to the practical view) is associated with the
willingness to purchase an alternative fueled car. In this narrative, a person can see
themselves as having a particular identity (green, environmentally friendly,
tech/gadget person) that will regard the purchased vehicle as something innovative,
different from the standard, even anti-conformist in some cases. However, it seems
that in this thesis’s case, the people who idolize the cars are not willing to purchase
a hybrid vehicle. The latter could be explained by creating another narrative that
says that people who perceive their car as a symbol (an indicator of power or pres-
tige) and love non-practical aspects of the car (engine sound) are more prone to
buying a “strong” gasoline car than a “soft” alternative fueled vehicle.

This confirms the hypothesis that more than one latent variable is needed to under-
stand the different potential buyer's profiles consistently (see proposed profiles in
Table 2).

Consequently, it could be said that assessing the effect of the symbolic on the choice
may not be enough, as the symbolic as a general concept could be interpreted in
different ways by individuals. It could even not have a consistent “behavior” across

countries, lifestyles, and datasets. This could be avoided by using other indicators,
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jointly with the symbolic ones. For example, a latent variable modeling the ecologi-
cal consciousness could add more useful meaning to analysis, eco-conscious and
symbolic viewers could be associated with AFV more strongly. Results are useful for
both policymakers - which can identify potential adopters of AFVs and CAVs based
on attitudinal data (which can now be easily harvested through OSN) but also for
industry.

Policy implications of the results include the realization that an integrated bundle of
policies towards environmental awareness may tackle many issues at the same time.
Individuals in the survey with strong attitudes towards the protection of the environ-
ment also tend to recycle frequently, to assist in forest fire protection or to clean up
the beaches, to use sustainable home appliances and therefore, would rather prefer
driving a hybrid. Also, information on new fuel types may be critical for their ac-
ceptance. With an almost, non-existing fleet of hybrid or electric vehicles on the is-
land, very few people have had actual tangible experience with one of them. That is
the reason, the elder part of the sample, choose natural gas as an alternative fuel, for
being more "accessible" in their everyday lives.

Opportunities for future research include a more precise investigation of family in-
teraction and the dynamics of joint household decisions. The family interaction could
also shed more light on the effect of symbolic vs. practical attitudes and the effect
they have on the final purchase decision. A more complete and in-depth definition
of the Symbolic and the Practical could untangle the various interpretations of differ-
ent researchers.

This chapter does not include any attribute related to vehicle autonomy, driving
range or refueling stations. This happened for two reasons: First, the respondents
are not so familiar with alternative fuel technologies, and we feared that adding more
attributes (especially range and refuel that make most of the respondents in other
parts of the world anxious) would turn the respondents towards gas or diesel. The
second reason is that the mean travel distance in the main town of the island (main
study area) is less than 5km, which makes vehicles with even a small driving range
ideal and the need for refueling stations (other than home ones) secondary.

The survey includes two other bundles of vehicle choice, one for motorcycles and
one for bicycles. The association of the latent variable may not be so strong with the
purchase of a hybrid, because the environmentally conscious individual may choose
to purchase a bicycle or walk, instead of buying a car. This is related to other latent
or non-latent characteristics of the individual, such as fithess condition, distance to

work or concept of the symbolic use of the vehicles and could be further discussed
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in another paper. An initial latent class analysis revealed a correlation between the
environmental conscious individuals and the purchase of bicycles. A nested logit
model structure, with the latent variable affecting different nodes, may be the right

approach to tackle this issue in further research.
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Chapter 7: The platform

7.1 Introduction

The final product of the policy tool, the platform is developed to be user-friendly and
not to require specialized knowledge or specialization to be operated. The platform
is designed to fulfill the user needs, whether the user is a person working in a public
authority or a decision maker, or the user is a citizen who would like to gain more
insight on the policy measures that affect his life. The front end of the platform is
developed in JavaScript while the back-end is an SQL database containing all the
necessary data that the platform needs to run.

As can seen in Figure 2, the platform GUI (Graphic User Interface) is divided into
different result screens, control buttons, and text. The first screen is the KPI list. This
screen shows the product of the KPI evaluation for each selected policy scenario.
There is a list of 20 KPIs, whose value changes with every different scenario. Apart
from the KPI number and name, a short description and units of measurement are
shown on the screen.

The second screen is the Scenario Control screen. In this screen, the user can
browse between the possible scenarios and sub-scenarios and pick one to reveal
results and to explore options and controls further. There are a BAU (business as
usual) scenario and two other main scenarios, bike lane construction scenarios (dif-
ferent routes as sub-scenarios and a super scenario with all available routes) and
pedestrianization scenarios (various parts of the city center pedestrianized).

The third screen, horizontally browsing the GUI, is the added features control.
This is the added features control. This screen controls all the available models that
can be used as a single function or as a bundle of components. It controls future
scenarios with different projections for population, GDP, macroeconomic scenarios,
fuel price, and other projections. It also monitors the presence of tourists and their
number (accounting for the seasonality). Finally, it controls the latent variable models
that are working in the background: the eco-consciousness HCM, the Lifestyle latent

class model, the Symbolic use HCM and the stochastic frontier model.
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Right below the added features control, the actual controls of the models are
presented. In this screen, the user can control the value of various socio-economic
variables such as population, age distribution, education, car ownership, employ-
ment and employment categories distribution, income distribution and other. The
values of some of these variables correspond to the betas of the structural model of
the latent variable models, affecting the future car purchase or the daily rhythms.
Other variables affect the simulation outcome or directly affect the output of the plat-
form. For example, the number of highly educated individuals raises by 1.500 per-
sons in a future scenario. This rise, reflected by the structural equation of the latent
variable eco-consciousness affects the future purchase of hybrid vehicles, which in
order affects the daily emissions and fuel cost.

On the left side of the controls, the map of interventions presents the interven-
tions of the different scenarios. It can also host thematic, cognitive maps of the study
area to quantify and geographically present the effect of each scenario or interven-
tion.

Finally, the output screen is located on the bottom of the GUI. In the current
version of the platform there are 4 different output screens: a)The rhythms output,
depicting mean morning departure and afternoon arrival times, output governed by
the stochastic frontier model and the rhythms latent class model; b) the trip chains,
which are governed by the rhythms latent class model; c) the daily fuel cost, which is
governed by the eco-consciousness and symbolic use HCMs, the population and the
presence of tourists, as well as, the selected scenario of interventions and d) the daily

emissions which are governed by the same factors as c.

7.2 Architecture

The architecture of the platform is depicted in Figure 38. The architecture follows a
parallel approach, where individual components work side-by-side to provide data
and results to the final product, the platform.

The first parallel component, “Lifestyle and Rhythms”, is the everyday life temporal
tier. In this component, mode choice and tour structure are examined and compared
to an urban case scenario. Also, departure and arrival times are modelled and the
effect of lifestyle is measured. The hypothesis that a distinct, latent lifestyle that af-

fects residents of Chios and differentiates their travel behavior from people living in
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the Greek capital (an urban area) is verified by the usage of a latent class choice
model. This component is discussed extensively in Chapter 4 of the thesis. The com-
ponent provides time-sensitive analysis and results to the platform, for example daily
departure from home times. Results from this tier, especially the tour structure and
the effect of lifestyle on it are useful for identifying solutions for public transport,

parking areas, commercial opening hours and de-congestion policy in the study

area.
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The second parallel component is Active transport. The analysis is done on a mid-
tiertemporal level and is discussed in Chapter 5. The componentincludes the hybrid
simulation model, with the evaluation of the sustainable transport policy measures
and interventions. The assessment and the evaluation results are the main results
provided to the platform. These results comprise the main platform output and the
richest information that the platform can provide. The component provides most of
the future scenarios results, the traffic maps and predictions, economic and financial
evaluation and KPIs.

The final componentis Future fleet purchase. This is a medium to long term temporal
tier. The component is discussed in Chapter 6. The results of the hybrid choice
model developed in this component provide the platform with results about the fu-
ture fleet mixture of the study area. This component has integrated two different
macro-economic scenarios. The results from this component can be compared with
the results of the policy measures from component 2. This comparison is the root of
the platform function, as different approaches to sustainable transport, measured by
different analytical tools and econometric models are compared through the use of
the dynamic tool, the platform.

7.3 Interaction of models’ output and the

platform

The output of the econometric models, in all the three different tiers feed the plat-
form and its specific functions. The interaction of the platform and the models is
done on the backend of the platform web service via a PostgreSQL database. Model
output and specifically parameters are stored in the databased and then used by the
platform to calculate various variables, including scenario assessment, KPIs, other
indicators and general statistics (e.g. mean home departure time or daily cost fuel).
From the platform architecture, it is apparent that all the models have results and
output that feeds the platform. Some platform functionalities rely on a single model
output and other rely on a combination of model outputs. Also, some model outputs
are depicted on the platform without any further calculation or transformation, for
example the vehicle/kms of a scenario. On the other hand, other model outputs are
utilized to calculate different output variables, for example the effect of the percent-
age of freelancers in the study area. The presence of freelancers as a variable in the
structural equations of the Eco-Friendliness latent variable model, and the Exuber-

ance latent variable model, both affecting the future car purchase, indirectly affect
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the future fleet mixture. In this case, the user can interact with the platform, via the
left-hand side menu, which is an input tab. The user can scroll between various per-
centages of freelances in the study area and see the effect that this has on various
KPIs and platform results.

Output of the Daily Rhythms tier to the platform

The daily rhythms tier conducts three different types of analysis, two of which are
models. The output of the models is inserted into the platform in two different ways.
The first model, the stochastic frontier model, models departure and arrival times
from home based on socio-demographic and location data. The output is trans-
ferred to the platform. The platform hosts a specific screen that depicts mean every-
day departure from home time, arrival to home time and duration of various activities
(work, education, leisure). The user can interact with the various socio-demographic
controls, on the left-hand side of the platform and see the effect of socio-de-
mographics on the daily rhythms and activity duration. Also, by interacting with the
Lifestyle Latent Variable checkbox, the user can see the effect of the LV on these
times.

The second model, the latent class choice model, models tour structure based on
the effect of the LV Lifestyle. Tour structure is an important part of modelling and in
the case of the platform, tour structure is depicted as the percentage of intermediate
stops. The user can switch the effect of the LV on and off and see the effect it has on
the percentage of intermediate stops conducted by the users of the network. This
affects available parking space, possible commercial hours or other interesting in-

formation about the preferences of the network users.

Output of the Promotion of Active Transport tier

The Promotion of Active Transport tier is essentially an extended, hybrid simulation
model, which results to a traffic assignment and provides various kinds of infor-
mation and indicators including traffic flows in the network links, aggregate data
such as passenger kilometers or daily trips.

The contribution of the Promotion of Active Transport tier to the platform is major
and straightforward: it provides the different scenario evaluation via the KPIs which
are the result of the simulation model. The main screen of the platform is occupied
by the depiction of results of these KPIs. The user can interact with the platform by
choosing different scenarios from the drop-down menu and also by comparing two
scenarios. Two additional screens are available to the user, a map showing socio-

demographic and travel related data in each scenario in the study area’s zones and
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a second map providing the traffic flows of each scenario. At this point, the other
socio-demographic and LV controls are not utilized, as the simulation model needs
time to run and converge and including live changes in the socio-demographic in-
formation via the user’s intervention would gravely affect the time needed to depict

the changes and would slow down the platform’s functionalities.

Output of the Future Vehicle tier to the platform

The Future Vehicle tier consists of a hybrid choice model of future car purchase. The
model results allow for a model application and the exploration of the effect of cer-
tain variables (socio-demographic and latent variables) to the probabilities of certain
vehicle purchase.

In this aspect, the Future Vehicle tier feeds the platform with the main data for the
future scenarios. In this way the user can review predictions about the aggregate
daily fuel cost and daily emissions depending on the fleet mixture of the future hori-
zon. This is an essential part of the platform’s functionalities, as the user can see the
effect of the future fleet mixture and compare the results with the effect of the pro-
motion of active transport measures in quantifiable indicators. Also, by turning on or
off the effect of the LVs used in the Future Vehicle tier models, and by interacting
with the socio-demographic controls of the left-hand side of the platform the user

can review the effect of the latent variables in the previously mentioned indicators.

7.4 Implementation

Based on the mock-up described in the introduction it is evident that the platform
has two distinct functions - the input controls and the output screen. The input con-
trols are interactive - the user can interfere and identify the input, experiment with
various levels of variables and select a specific scenario or future date. The output
screen is divided into various smaller screens that contain useful information for the
user. After reviewing similar applications and web interfaces, it was decided that the
two functions of the platform tool should be strictly geometrically defined and they
should be occupying different parts of the platform GUI.

As Figure 39 shows, the left part of the GUI contains the user control panel. In
the control panel, the user can choose the date (for future scenario management),

the specific scenario that they want to review, the socio-demographic data controls,
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the on-off buttons that control the presence of the latent variables in the output and

the seasonality button (presence of tourists).

The remaining of the GUI is allocated to act as output screen - given the multi-
tude of information that should be presented to the user. The output screen is

divided into three main sub-screens: a) the list of KPIs; b) the map of interventions

and c) the major output panel.
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Chapter 8: Conclusion

This chapter concludes the thesis, discusses the impacts of the main findings on pol-
icy, and provides directions for further research. Section 8.1 discusses the contribu-
tions of the thesis. Section 8.2 presents the key findings derived in the thesis, findings
beyond the state-of-the-art that respond to major questions unanswered so far. Sec-
tion 8.3 discusses the policy implications coming from the models as well as the us-

age of the platform. 8.4 provides directions for future research.

8.1 Summary and Contributions

This thesis creates of a policy platform tool which supports the decision-making pro-
cess regarding more sustainable transport choices. It is motivated by: a) the growing
concern about global warming and the long-term effect it has on the environment
and the living capacity of the planet; b) the need for a comprehensive analysis of
different types of policy measures that are widely used to address the adverse effect
that the transportation sector growth has on the environment; and c) the need for
these measures to be applied to local communities and cities accounting for the
particularities of each locale, while ensuring maximum applicability and acceptance.

The thesis uses three main axes of analysis to support the creation of the plat-
form. The first axis is concerned with the lifestyle of the study area, which is used as
a case study for the platform. Through different analytic and modeling tools, we
measure the effect of lifestyle in every-day transport-related decisions and activities.
The hypothesis that different lifestyle can affect these choices is tested through a
comparison of similar data from Chios and Athens, Greece. The second axis contains
the assessment of active transport related measures in the study area through a se-
ries of KPIs. For this analysis, a simulation model of the study area was designed and
implemented. The third axis of the analysis is the modeling of future fleet purchase
choices. This axis incorporates the various new fuel technologies that can lead to

different emission profiles.
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This thesis harvests the power of a multitude of collected data. The data collec-
tion process itself is organized in an innovative manner: a satellite data collection
approach that constitutes of a core of a socio-demographic household and personal
survey and it is supported by a number of “satellite” surveys and experiments includ-
ing an activity diary, menu-based SP experiments and attitudinal questionnaires. This
data collection approach is coupled with innovative means of data collection such
as using GPS loggers to monitor travel and activities of respondents, using data from
social media and other publicly available data.

Regarding the analytical tools and the econometric models, the contributions of
the thesis rely on the utilization of well-acclaimed tools and models (hybrid choice
models, stochastic frontier models, latent class choice models) and the extension of
more traditional tools (aggregate 4-step model). The end product of the thesis, the
green policy platform is an additional contribution; it was designed and developed
in the context of the thesis from scratch, it is open-source and available to the local

government and scientific community.

8.2 Main findings: Going beyond the

state-of-the-art

The analysis and the modeling process of the thesis resulted in a series of major and
minor findings. This section discusses the main conclusions both in the specific anal-
ysis axes of the thesis and in the general context of the research questions that mo-
tivated the thesis.

The daily rhythms section (Chapter 4) of the thesis provided sufficient insight into
the effect of the location specific lifestyle on the everyday transport-related decisions
and activities of individuals. This insight is tested by using two different datasets, one
from the capital of Greece, Athens which is a densely populated urban environment.
The other one from the island of Chios, Greece which is the 5th largest Greek island,
where the observed lifestyle of individuals is more relaxed, affected by environmen-
tal, lifestyle and built environment factors. The analysis initiates by comparing mode
choice and tour structure between the two locations. The structure and the form of
the two questionnaires, in the urban and island locations vary: the urban case sce-

nario is a travel diary survey while the Chios questionnaire is an activity diary. To
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address this limitation which could potentially complicate analysis, the travel diary
questionnaire data was re-organized to fit the activity diary sequence and data for-
mat. The physical environment is a significant difference in the two areas, which is
reflected by the higher share of walking in the island area. Walking takes a larger
proportion when associated with leisure activities in both areas, but this share is
higher among islanders. Also, the small percentages of public transport in the island
area can be attributed to both the low level of service in Chios and the smaller mean
distances traveled. The trip organization also differs between the two regions. Peo-
ple in the urban area tend to prefer to conduct a secondary trip, while islanders pre-
fer an intermediate stop, making the tour structure more complicated impacting ac-
cordingly the transport network overall performance. The stochastic frontier analysis
reveals that concerning temporal departure from and arrival at home the location is
not the primary factor affecting times. However, a strong correlation exists between
the duration of work, education and shopping activities and early morning departure
times in the urban area, while no significant correlation exists in the island area. Also,
leisure activities are correlated with late morning departure times in the island. Both
these findings are indicative of a different, more relaxed lifestyle in the island area.

Based on this finding, the latent class choice analysis confirms that there is an
underlying factor affecting tour organization that spans between the two locations.
People identified as belonging to the island lifestyle class tend to make more inter-
mediate trips and avoiding secondary trips during the day. The major finding of the
modeling process is that the relaxed lifestyle class spans among the two datasets;
with island respondents, more likely to belong to this class, but with people in the
urban area also belonging to the class. This is a significant finding because it does
not geographically limit the effect of the latent class of Lifestyle but rather identifies
this presence in both areas.

The simulation model developed in the thesis is the backbone of the active
transport measures analysis. While a significant part of the literature review revealed
the analytical and exploratory power of activity-based and microsimulation models,
it was decided to design and implement a hybrid version of a macroscopic, aggre-
gate model. The reason behind this decision is both theoretical and practical. Prac-
tical limitations, for example the richness and level-of-detail of data needed to de-
sign an activity-based model was not available for the study area and theoretical
concerns about the output of the data relevant to the policy analysis led us to imple-
ment a “hybrid” version of the model. This hybrid version uses the standard, aggre-

gate simulation model architecture combined with activity-based model modules
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(such as the population synthesis) and enriched with data feeds (for example sense
of place analysis in the gravity model section).

The first main policy measure studied is the creation of bike lanes. Information
from the literature review and similar practices, as well as, feedback from local public
consultations drive the effort to design bike lanes that are part of an integrated bike
lane network and avoid the isolated interventions of minor and not connected bike
lanes. For these reasons the bike lanes assessed in the chapter are designed to be
built from the center of Chios town to nearby towns such as Vrontados and Karfas.
Also the bikelanes are designed to be on coastal roads or through picturesque paths
(Kampos) in an effort to support tourists or locals that wish to cycle through attrac-
tions and in pleasurable routes. Results positively assess the creation of bike lanes,
although a more in-depth cost benefit analysis is needed to globally assess the im-
portance and the drawbacks of such infrastructure. For example, deciding to imple-
ment an expensive bike lane infrastructure weight the high cost against cyclists safety
and convenience.

The other main policy measure studied in the thesis is the creation of pedestrian
roads in the city center. This is also a well-acclaimed measure, though it did raise
some thoughts and criticism during the public consultations, especially among busi-
ness owners in the center of the town. This group of measures can achieve the higher
reduction in passenger kilometers and emissions, considering the already high
share of walking among study area residents and the restriction of usage of private
vehicles that is proposed by the bundle of measures. This bundle can also signifi-
cantly improve the quality of urban life, highlight the nowadays congested and noisy
city center and act as a tourist attraction for specific tourist groups in the study area.
It is also the less costly measure and can be implemented with minimal intervention.

Other results include the capabilities of the model to account for seasonality,
given that the study area’s population doubles during summer months, the combi-
nation of modules from Chapter 4 and 5 (shop hours and effect on traffic, re-alloca-
tion of land-use zones, extensive pedestrianization and its effect on the commercial
zones and economic activity) and the effect of a major external zone relocation (air-
port or port) in the traffic situation of the study area.

Chapter 6 discusses future fleet purchase preferences through a hybrid choice
model. The respondents were presented with a modular approach to future fleet
purchase; different levels of vehicle attributes were available, and the respondent

created the ideal vehicle. The characteristics included: engine size, car size, car type,
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fuel technology and automation level. The responded also provided answers to psy-
chometric questions. The survey was conducted in the context of two plausible fu-
ture macroeconomic scenarios.

Three latent variables were identified through factor analysis to be the most in-
fluential on the fuel technology choice of the respondents: Environmental conscious-
ness, Exuberance (the quality of growing profusely; luxuriance) and Technology sav-
viness. The modeling framework presented in Chapter 6 supports the simultaneous
investigation of the three latent variable effect on the actual choice. The thesis pre-
sents two hybrid choice models; one that investigates the effect of the Environmental
Consciousness latent variable and one that investigates the effect of Exuberance.
This isolated analysis has inherent weaknesses, but it is a more fit approach for the
needs of the platform, and it allows the in-depth investigation of this effect given the
demanding data needs that two or three latent variable hybrid choice models have.

Medium sized city cars, with an engine size in the range from 1200 to 1600 CC,
gas fueled and a level up from basic edition are the most popular vehicles according
to the choice model. These are the levels that have the higher coefficients of the
model. Of course, the price of the constructed vehicle has an adverse effect on the
choice. The effect of the latent variable Exuberance, which reflects the symbolic atti-
tudes towards cars, is negative on the choice to purchase a hybrid vehicle. On the
other hand, Environmental Consciousness is strongly associated with the intention
of buying a hybrid fueled vehicle and a small engine sized vehicle.

Results from the pilot usage of the platform reveal interesting findings. It is of
great importance that the platform has been already put to test and usage by local
authorities. This pilot test of the platform supported the organization and proposal
phase of a successful regional project that is concerned with urban planning of Chios
town and specific modules of the platform are used to support the proposal espe-
cially regarding proposed pedestrianizations and changes in traffic direction and the

design of active transport friendly infrastructure.

8.3 Policy Implications

Transportation researchers are discussing the policy implications of various models,
analyses, innovative technologies and products for many decades. Major research

effort has put into achieving a successful integration between transportation and
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land use models, temporal and spatial data models, modelling the human behavior,
facilitating data collection procedure and discussing how innovative concepts and

products can contribute to bringing change in the transportation sector.

8.3.1 Location specific analysis does matter

One of the main findings of this thesis is the result of the analysis conducted at Chap-
ter 4. The result of this analysis confirms the hypothesis that there is a distinct set of
underlying rules that govern an individual's decisions, what we call lifestyle, that is
closely affected but not exclusively dictated by the geographical location of their
residence. This statement has direct policy implications. Policy makers should con-
sider the particularities and uniqueness of a study area before transferring or apply-
ing successful policy measures. This consideration should not be based solely on
socio-demographic data, but should carefully explore the local culture, lifestyle, and
habitudes. This exploration of the local particularities should be conducted using
quantitative and qualitative tools, the synthesis of which can bring an optimal result
to the analysis and the correct application of policy measures. In this thesis, using
the methodological framework of the GreTIA project (Gretia, 2015), the qualitative
tools such as public consultations and in-depth interviews with study area decision

makers and citizens were proven precious instruments.

8.3.2 What is we are seeking by sustainable transport?

The main goal of sustainable transport is to mitigate the risks and the external cost
of transportation, as a sector. A big part of this mitigation process lies within the re-
duction of Global Greenhouse Gas emissions. However, even if this goal is the pri-
mary goal of sustainable transport, or of all relevant research, goals like improve-
ment of quality of urban life, traffic congestion, road accidents and noise pollution
should not be understated in the approaches to minimize the external cost of trans-
portation.

A good example is the case study of this thesis. Chios, as the study area, is not a
congestion-ridden city. Air quality counts have revealed that the air quality in the city
is excellent and small variations exist only at the times of large passenger ferries
birthing at Chios port.
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However, during the public consultations, a lot of stakeholders, citizens and public
authorities expressed their concern regarding the negative effects of transportation
in everyday life. Designing a policy evaluation tool that can be both applicable to
other circumstances, transferable and considers the hierarchy of problems and risks
of the study area was one of the main challenges of this thesis.

A general comment on this process and the balance between the general applica-
bility of the platform and the correct focus on the study area’s issues is that in models
and decision-making tools found in literature and practice there is an observed over
statement of measures aiming to reduce GHG emissions. This is understandable, but
it should be made clear that actions towards reducing GHG emissions should be
aimed and tailor made for the specific case, while taking into consideration the co-
existing issues, problems, particularities. In a lot of cases reducing GHG emissions
means increasing the share of public transport or car sharing. In other cases, it means
reducing trips and adjusting commercial hours, improving active transport infra-
structure or providing incentives towards using sustainable or multimodal options.
In our opinion this is a very sophisticated process and the need for a collaborative
decision-making process surpasses the limits of a policy or a decision-making tool.
Participatory design, which involves citizens in the decision-making process, may be
a way to further ensure that there is a spherical understanding of the stakeholder

needs, beliefs and goals.

8.3.3 Combining policy measures

The thesis structure, the policy platform architecture and the way that some of the
research results are discussed may give the impression to the reader that the differ-
ent policy measures that are assessed are mutually exclusive or that there is some
antagonism between them. This is not entirely accurate, though to some extent there
is a comparison between the policy measures given that the platform has the capa-
bility to compare different measures and scenarios and the thesis main subject is
about assessing green transport policy. The idea of combining policy measures to
form policy packages of bundles is discussed in a series of research papers and has
been successfully implemented in the past in various locations (see Chapter 2). In
the context of the thesis, the comparison between the measures promoting active
transport and the effect of a different fleet mixture, both in the context of the study

area rhythms, generates interesting results and serves a twofold purpose. On the
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one hand, it demonstrates that active transportation can overperform "greener" fuel technologies in a realistic and ready-to-

implement way and on the contrary that, while respecting the local scale and built environment, the implementation of

measures that may seem radical.

Table 35 Shades of Green
Policy KPIs
Policy Daily
Active Mean Mean Daily
Policy Passenger | Vehicle Daily fuel
Transport trip trip Accidents emissions
Goal Measure kms kms trips cost
Split duration | distance (tons)
BAU 0.41 349697 105
5% reduction in overall
trips by shifting work [ 0.41
Avoiding | schedule and shop hours
journeys | 10% reduction in overall
trips by shifting work 0.41

schedule and shop hours
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(accounting for increase

in working from home)

Bikelane to Vrontados

353506 300600

Bikelane to Karfas

Bikelane to Kampos

Modal
shift  to | All bikelanes 302450
active Pedestrianization of port
transport | foute

Pedestrianization of city

center

All pedestrianization
Reduc- Future scenario -

349697

ing car- | Optimistic
bon in-
tensity of | Future scenario - Neutral || 0.41 349697
fuels
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The results of the implementation of policy measures (corresponding to specific pol-
icy objectives groups) are presented in Table 35. The impact of these measures is
assessed via nine KPIs, demonstrated via different shades of green (the greener im-
pact is darker). The user can observe that particular policy measures have ad-
vantages and disadvantages when compared via the KPIs. Interesting comparative
examples include: a) the excellent performance of the “modal shift to active” scenar-
ios - all measures result in an over 50% modal split of active modes. Drawbacks in-
clude the longer trip distances and duration in almost all cases; b) the fact that even
a 10% reduction in everyday trips, when influencing trip chaining behavior by
shifting work schedules and shop hours, does not overperform the active transport
policy measures in terms of daily emissions and fuel cost; and c) the failure of future
fleet mixture scenarios to match the reduction of fuel cost and carbon emissions

achieved by the active transport scenarios.

8.4 Future research

This thesis investigates the various levels and dimensions of sustainable transport,
using a multitude of analytical tools to assess policy bundles and to form useful con-
clusions on the topic. The methods and the tool used to derive these results are
solid, and there is sufficient data to back-up the findings in the study area. However,
a series of the presented tools and methods are used in an exploratory manner. The
application of the model results is calibrated in a series of ways in the study area, and
the models are replicable, although it focuses on the advantages of creating tailor-
made models and tools for a specific location or city with unique characteristics and

particularities. Further research should focus on four different directions.

8.4.1 Data collection

Data collection was a distinct part of this thesis. A part of the data was collected using
innovative means such as GPS devices, smartphone apps, and public APIs. Latest
developments in the data collection process in transportation include the use of

smartphone applications to accompany activity diaries, even to substitute them in
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some research. The future of the data collection process is most probably the im-
provement of these data collection tools in the direction of a seamless, accurate and
non-intrusive data collection process that removes the burden from the respondent
and minimizes data collection time and costs. The omnipresence and usage of the
smartphone has significant implications in the transportation research sector, and
especially in the data collection process. There is a series of commercial and re-
search applications (citations) that already achieve a high standard of data collection.
The interconnection of different platforms, smartphone apps and sensors can lead
to a powerful data collection matrix that will be able to harvest user information in
non-intrusive ways, pool data from social media and other relevant sources while

respecting user privacy and anonymity.

8.4.2 Activity-based modeling

This thesis uses a hybrid version of the traditional 4-step model, used for many dec-
ades in transport research. While this model is an aggregate approach, in the con-
text of Chapter 5 we achieved a level of disaggregated analysis by using the addi-
tional step of a synthetically generated population at the first step of the model. This
adds a user-oriented dimension to the methodology. The benefits of activity-based
modeling have been well-documented in the scientific literature (see section 2.3).
Given what is discussed in the previous paragraph, the ongoing open source mod-
elling software, open data and developed models, one can view the future of activity
based modelling in a dynamic, open platform that is able to pull data automatically
from various sources and update the model parameters on the run, while simultane-
ously calibrating and benchmarking the model via traffic counts and other live sen-

SOrs.

8.4.3 Future mobility

Contemporary analysis and future mobility planning and sensing are focused on two
areas that could potentially influence and radically transform mobility and passenger
transportation as we know it: Mobility-as-a-Service (MaaS) and Connected and Au-
tonomous Vehicles (CAV).

MaaS$ tranforms the transport economic sector by shifting the focus from privately
owned means of transport to mobility solutions that are perceived as a service; from
ownership to usership. This concept has specific implications for individuals, public

and private transport companies, organizations and governments as it is enabled by
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a single operator that ensures seamless transportation from point a-to-b, with ticket-
ing, payment, security and safety all managed by this single operator. The MaaS con-
cept is fueled by the omnipresent available data, the rise of e-services, ride-sharing,
sharing economy in general and the general anticipation of driverless vehicles.

Driverless vehicles also aim to transform transportation in an unprecedented way.
The use of public, driverless and connected vehicles as the main mode of transport,
especially in densely populated urban areas is a solution to many problems that the
transportation sector faces, a major reduction in the external costs of transportation
and a practical realization of the essence of the question: “Should | own my personal

vehicle? Does this have a financial benefit? Does this benefit the society?”.

8.4.4 The effect of latent variables - Robustness of the

existing modeling frameworks

A lot of scientific work is concerned with the effect of latent traits, attitudes, and per-
ceptions, in the decision-making process. Research papers have approached this
effect with methodological (citations) and conceptual approaches. There is an ongo-
ing discussion about the usefulness (citation Hess) and the robustness (citation
Walker) of the latent variable models. It is evident that user segmentation or user
profiling is a very useful analytical tool that can assist the decision-making process
or policy decisions. Future work on the effect of latent variables should concentrate
on the psychometric part of the methodology. A multidisciplinary approach, with
psychologists and sociologists contributing to the questionnaire design, would
result in better-structured questions. Also, methodological and computational im-
provements are already allowing for the calculation of a wide range of interactions
between variables and respondents, with Bayesian techniques, multi-level modeling
and use of optimal algorithms in the calculating part of the methodology facilitating

the process.

8.4.5 Future of sustainable transport

The future of sustainable transport is closely linked to the future of sustainability as a

notion. It is surely related to the question of what future world do we want to live in.
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Global warming and climate change are very real threats to the ecosystem and hu-
manity, and there does not seem to be enough organized response to this threat.
The environmental issue is not a matter of a clean habitat, green parks or the preser-
vation of wildlife. It is a matter of survival, of equal access and rational use of natural
resources and social equality and justice. A number of environmental refugees are
going to become a major issue during the next decades. The "green" marketing
strategies, promoting certain products or services as environmentally friendly or sus-
tainable is not a robust, organized response to climate change, it is rather a facade
that is focused on marketing or promoting utilizing the environmentally conscious
individuals. This applies to transportation as well. We must be very careful in as-
sessing different policy bundles, products or services. A sustainable transportation
system demands radical changes in the way that everyday social life is organized,
the way humans interact with the urban and built environment, the economic system
and its flaws, the rising tide of the technological process and the evolving ethics

around the world.
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