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Summary

The correlatiorbetween land use planning and transport management has tacoge
the last twentfive years,a subject of &pecificfield of study Influenced by theoncet of
sustainability, anfibsteredby the worries of environmental and social impacts of mobility of
people, the integration of land use and sustainable transporrggngas a radical way to
encourage the use of Tilesdessftntegraied @ahdeise artdtransperp or t  m
development is not newalready in the past some urban models and plans considered
simultaneouslythe locatiors of urban development anthe design of public transport
infrastructures

Nowadays, several cities and mpetitan areas around the world are experiencing the
negative impacts of caanspord bloating,with its detrimentaleffects on the quality of air,
congestion, occupati on , edAs veachoa, mdministativee Isoards c i t i z €
havebea tryingto improve sustainable transpdpublic transport, walkingnéi cyclingd but a
more radical approach emerged in the last twenty years, an approach aiming to reshape urban form
in order to harmonidand useegulationand transporiesign This fieldof study is oftetabelled
with the acronyrof TOD ¢ Transit Oriented Developmeha 6 br anddé t hat today e
field of study, witlseveratheoretical and practical contribusicoming from different scholars,
urban planners andties aroundthe world.Today, as response to the hypertrophprivhte
motorisedransport, cities and metropolitan areastangglingo apply the principles of Transit
Oriented Development

This researchis part of the field of lard use and transpoittegration,applyingits
principles in contexts that are, at the actual state of the art, little explored, but pose unsolved
guestions to planners alodal administratordhese contexts have been deftnedma | | cities
t o wn sddn-metoopolitan ara s 0 , territories wi t h medi um or
accessibility by public transport, static demographic and economic dgdtaough affected by
the citedi s s u e-metropdinaorn ar eas & o fglbbaiked spcalrand econpnact e t o
processesonsequently showiligh mobility demand, that cannot be satisfied, in many cases, by
an effectiveoublictransport systenMoreover, in the cited contexts, fisiorbof intense urban
development in limited areas aropuadlictransport nods could conflict witthe desires dbcal
communities, or with the necessity of safeguarding natural and cultural Tibistagasion
betweerhelack of accessibility on one side,thaéhcreasing mobility demand on the other, side
entails the rislof worsening problems related to isolation and lack of accessibility, fostering
depopulation and economic desertification.

Sustained by these premises and by some recent developments of the academic literature,
pointing at the opportunities of transpoetwork empowerment rather thacussing only on
urban development, this thesis adiondevelop a contereélated approach, aiming to widen the
application of land use and transport integration.
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Sommario

Lédinterrelazione fra pianificazione urbani s
venticinque anni, materia di uno specifico settore di studi. Influenzata dal concetto di sostenibilita, e
alimentata dalle preoccupaziegate agli impatti ambiaih e sociali della mobilita delle persone,
| 6i ntegrazione di ©pianificazione urbanistica e
radical e per i ncoraggiar e | uso di mez zi di
pianificazione rbanistica e trasporti non &€ nuova, gia nel passato alcuni piani e modelli urbani
consideravano simultaneamente la localizzazione delle aree di crescita urbana e la progettazione
delle infrasutture di trasporto pubblico.

Attualmente, numerose citta edeearmetropolitane soffrono gli impatti negativi

del |l 6espl osione del trasporto automobilistico,
congestione, occupazione di spazi urkahife dei cittadini, etc. Per contrastare tali effetti, gli
orga n i di governo urbano hanno t en©arasportod i mi gl

pubblico, mobilita ciclpedonaleéd ma un approccio piu radicale si & affermato negli ultimi due

decenni, un approccio diretto a ripensare la forma urbana per amdmizgole di uso del suolo

con | a programmazione del trasporto. Q@Questa br
Transit Oriented Developmeitun o mar c hi 06 ¢ hrendeain vastcadettore @it e c o m
studj con numerosi contributi teorici efici provenientida diverse parti del mondo. Oggi, in

ri sposta alldipertrofia del trasporto privato

applicare i principi del TOD.

Questa ricerca si inscrive nel settore distudi 8 i nt e g mifieazione urkanisticae pi a

trasporti, applicando i suoi prindgipn cont est i geografici che sono,
indagati, ma che pongono questioni irrisolte ai pianificatori e agli amministratdpiukstali.
contesti sono stati defini opiccole citt”™ e centri mi nori é6 o

densita abitativa meddassa, scarsa accessibilita con trasporto pubblico, staticita demografica ed
economica. Sebbemdluenzatidal e pr obl emat i che s umerternazp ocolniattaen e 6
partecipano sSpesso ai processi ®coo N 0 mi C i del |l 6economia @l obaliz
domanda di mobilitéhe non pud essere soddiafahicamente dalasporto pubblico. Inoltre, in

guest.i cont est i, ildppo urbano aréoscrittdl@areel intorno mitnedndelo s v
trasporto pubblico pud confliggere con le aspirazioni delle comunita locali o con la necessita di
salvaguardare il patrimonio naturale e culturale. Questa tensione fra mancanza di accessibilita da un

|l ato e |l a crescente domanda di mobilit”™ dall &c¢
isolamento e mancanza di accessibilita, alimentamdoneni come spopolamento e
desertificazione economica.

Sostenuta da queste premesse e da alcurpis@tgnti della letteratura accademica, che
pongono | 6accento sul potenziamento del trasp
unilaterale di sviluppo urbano, questa tesi punta a sviluppare un approccio modellato sul contesto,
per amplciaarie nled adpedIli6i nt e growagpgorti.ne piani ficazion
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Foreword

Contemporaryerritories angocieties seem to be transformed by two contrasting forces.
On one side, the dispersion of activities, services, households, infrastructures, that leave city centres
looking for more space or minor costs. On the otherdifterent activities, for whidcrestill
importantdirect personal relationships or the prestige offered by the city centre, continue to
concentrate in minute are#tsis the case of financial, cultural anduggment services and
activities (Hall, 1996; Sassen, 1991).

Due to theabovenentioned phenomer@edispersion and concentratdp e o pl eds need
move is steadily increasing, giving to transport systems a ceirtrahegdang urban and lanse
patterns Contemporary societies express a growing mobility demand, caused fiogitme afif

new lifestyle¢Castells, 1996) Peopl eds everyday | ife is made u|
undertaken, require long transf@rsf people and goods from place to placen the reality
happens that, despite the development of comatinicon t echnol ogi es, mobi | i
aconstant increase (Sheller & Urry, 2006).
Transport mode Variation 200€2015
Car +7%
Motorbike +16%
Bus -4%
Railway +14%
Tram and metro +22%
Air transport +27%
Maritime transport 1%
Tablel Variation of tra ?2812)0 rtos dearmpean&nvioenmemadAgency2 000 and 2C

According to the European Environment Agdaty5)that analysedr anspor t 6 s de m:
in 33 European Countries, in the pericd0ZD09,t a n s plemand Gas grovat a rate of 9%,
slowing down during tHellowing period because of the economic turndown of 2008. Considering
the overallperiod 200015, it has grown byt&4 in spite of a demographic growth of 3.7%.

In the opinon of WBCSD, the average commuting trips, at the global level, have
increased from 3.7 km per day in 1950 to 13.1 if\8IZSD, 2001ith a prediction of growth
in terms of passengan by 1.7% per year until 2080BCSD, 2004Mobility, thus, assu@as
greater relevance in contemporary societies. The reasons héneeiipatedmong the socio
economic and physical transformation of territories, in which the opporéuaitiéges, services,
etc.d are not equally distribut@dartinotti, 1999Stead & Marshall, 2001).

Contemporary cities and territogas be seen as a system made up by three typologies of
infrastructures: mobility infrastructures, environmental infrastructures and technological
infrastructures. One of the main tasks of udmghregional planningtincrease sustainability,

1World Business Council for Sustainable Development.
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competitiveness and attractiveness of human settlements. In this, mobility infragliauctures

central role, since they can provide adequate accessibility together with low environmental impact.
Moreover a change of urban and regional planning framework seems necessary, especially in those
countries, like Italyyvhereurban developmelig basean road infrastructures and car transport,

with distortions and negative impaatits visible today (@a, 2015).

Structure of the thesis

This thesis is divided in&ix chaptersand a conclusive paragrapls show in this
paragraph. The firghree chapters deal with the research background, the theoretical and
methodological aspects, chapters 4, b amgplay the results of the application of this research to
three selected study cases, referred to the Netherlands and Italypditagtaptsummarizes the
main findings and acknowledges the limitations of the research, sketching future deaidpments
methodological improvements.

Chapter Iprovides an overview of the research background and the reasons behind the
choice of investigating the field of land use and transport inteqtloing the subject from an
historicalpoint of viewlt also ontains a broad theoretical picture of the most recent orientations
in this field, providing insights of the most used methodologies.

Chapter 2 investigates the barriers and obstacles that impede the complete realisation of
land use and public transportegration, highlighting how the classification and evaluation of
transport nodes is believed to be one of the most effective ways to overcome thedgabadiers.
on an accurate literature revigvapter 2ielineates the maiesearclguestion, and theeggraphic
context of application of this research.

Chapter 3 illustrates the adopted methodolugylighting its innovative characters
comparison to other methodologig® possible implementation and the limitations.

Chapter 4 reports the resultstug application of the methodology to the North Holland
study case, clarifying the rationale behind the choice, the outcomes and the possible policy
implications.

Chapter 5 is about the implementation of methodology t€dh®anisstudy case,
showing howvthe shift from the Dutch context required an inevitable adjustment of the procedure
and indicatorsThis study case has been chosen due to the issue of accessibility of education
facilities, particularly relevant in this c&mapter 5also underliree outcomes and policy
implications.

Chapter 6 describes the application of the methodoltlyy @entral Italy study case, hit
by a disastrous earthquake in August 2016 and now involved by a reconstrudiioa stady
case aimw include, irthe planning principlesehind the reconstruction plasoconsiderations
referred to accessibility by public or O6sustai:rl

Theconclusiveparagraphighlighs whatwaslearnedrom the elaboration and application
of methodology, what are the limitatievisich could be the directions for further research.
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Research background

One of the most visible effectstioé industrial revolutiowasthe huge urban growth that
involved severakities of Western Europe and United States sinciirghéalf of eighteenth
century. Numerous urban centres have seen a sudden increase of their population, at previously
unknown ratesgivingbirth to increasingly largeopulous and crowded cities.eTitise of new
lifestles, with more needs and necessities, led to the increase of mobility demand and, together
with the high population density of urban centres, determined the explosiamobdngestion
As reported by many witnesses of the nineteentory London, thousands of people and
coachedlockedinto narrow streets, heritage of the prevommuriesinappropriate tsustain a
population thatin the case of the British capital titd grown from one million at theginning
of the centuy to more than six million at its end.

It is probably irthose yearthat transport issues become central in order to ensure the
functionality of urban systems, and maybe it is not perchance that, during the nineteenth century,
can be observed substaritigrovements, if not real revolutions, in the field of transport, both for
goods andor passenger3he invention of steam locomotive and the establishment of the first
railway links gave the possibility to move huge amounts of goodsaaindirgbers giassengers
at unimaginablepeed, if compared to coaches or tragrsportsin 1825, he first public steam
railwaywasopenedbetweenStocktoron-Tees and Darlington, in nomfast England, and only
twentyf i ve years | at er ,network chudtédinore iBan@lBkilom&reft ai nd s
railwaysThese figurgsrovethe stunning success achieved by rail transpoveiy brief lapse of
time. In the same decades, many European countries, together with USA, experienced a fast growth
of thisnew mode of transpaftvolmar, 2009).

The revolutionary innovations brought by the railway soon regardedgienfiagt cities,
as the new mode of transport offered a tangible altertmativewded, murky streets and slow
coaches. Probably, the city_ohdon has been the first worldwide to be involved by these events.
In the British capital city, seakerailways termini were built, transforming urban landscape and
providingfast connectios to every corner of the nation. In 1863, the first undergna@ilmdcy
opened in London between Paddington and Farrington, achieving a greataddtessgiving
the spur to the realisation of new lifééolmar, 2004)The development of rail transport
improved the connections between London and the surrouretisgaad, dhe same time, eased
mobility withinthe city centreThese developments in the transport fightlyshorteningravel
time between the city centre and the suburbs, allowed many people to move to satellite towns,
where they could find a neopleasant residential environment, far from the oweled city
centrewhere thegontinued to work.

In Italy, theopening of thdirst railwaypredated proclamation of Italy wsfied State,
occurred in 1861. In fact, the first railwas the NapleBortici, a 7 kilometrdsng railway
opened in 1839 in the former Kingdom of the Two Sidilespolitical subdivision of the Italian
peninsula resulted in the realisation of many separated railway rfesweresat the beginning
of the 2@ century thd-errovie dello Sidbte national railways comp#@nyasfounded, aiming to
nationalise local railways anduibdoa national railway network (Castronovo, 2005).
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Starting from this period, transport infrastructures assumed a central udianin
development, due to tlkenstanurban growth, in terms of population ambdanisationand due
to theriseof more complex lifestyldeople started to express more desires, thus increasing the
demandof transport not more limited to hoego-work commuting, but including travels to
schoolseducation centres, leisure activitiegMtxcia, 2012).

Some authors, recognizing ithereasingelevancef transport infrastructures, elaborated
ur ban model s, somet i mes tedratibni beteedn ndokbility capdi udd@n, base
planning, in order to reduce the huge congestion problems that afflicted the cities of the second
half of 19 century(Choay, 1965 he first ones, following a chronological omterthe designs
of dgarddnoétideaGdrchdenmesci ti es r epandthecenddof bet we
20h century, a forerunner example of metropolitan decentralization, offering healthily and
comfortable accommodations to wealthily families, sustained by the devefopmettpnlitan
railway networkHall, 2014; Moccia, 2012he hypothesisedudad linealaboratedt the end of
19h centuryfor the city of Madridby Soria y Matds more dedy focussed on transpofhe
original idea corresponded to thalisation of a ringhaped urban settlement around the Spanish
capital cityisolated from the urban core by parksagritulturalandswith a total length of 48
kilometres and a width of 400 metheghe half of the ring, an infrastructural corrido pulic
and private transpoprovided accessibilifiPriemus, & Zonnevel@003. Even though this idea
remained largely unrealised, it had a remarkable impact, at least from a theoretical point of view, in
other countries. In France, in 1904, Alssociation Internationale des Citéswaréesteblished,
while in the Soviet Union the linear city has been as a possible implementation of the socialist
egalitarian doctrine. According to H20l14) the city of Brasiliwasconceived as thetémsection
of two linear cities, one mostly residential and the other meggthedefor tertiary activities.

During the 1920s, the Germantbanplanner Fritz Schumach®oposedfor the cities of
Cologne and Hambuyrthe development of urban centres@l@ilways, a strategy resumed, after
the Second World War, by some European cities, like Copenhagbalngteteksink(\Wegener
& First, 1999. The Danish capitalty, already in 1947, elaborated thelwallo wn 6 Fj nger Pl
which channelled urban growth along divie i n g &ve exiting dr plannedilway corridors
convergingincitycentreamce par at ed b (Knolvgst20¥n wedgesd

On the other hand, there areverald ut opi ¢ d ur b anbansoeddedgs Admeepl
them, we can cite Broadacre City by F. L. WrightSigt#ngexperimentation by German
architects in the first decades of the @htury; but the most famous is probaby Cor busi er 0 ¢
Ville Radieus€his modelglaborated during the 193partly anticipateghe shift from public
transport to car transpattat later happened. Théle Radieusgodel, in fact, is based on car
transport, with the connections guaranteed by urban motomhidgssery little attention is put on
other mobility systesiBenevolo, 198B1occia, 2012b

The rise of automobile and the decline of public transport

The rise of car transport produced remarkable consequences on mobility habits and
modal i ti es, on cityds fruition teslneamshesadn ur ban
that ts impact has been stronger than the effects of rail transport I@srdmaeover time, a real
Osusatsymbol 6 of t tvee mainicensumptian egoot afterythe gonivate house
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(Banister, 2005jrom a quantitative point of view, the success of car is uteleasaduggested by
figures about car ownersthip fact, it is esteemed that in 1960 less4¥anf world population
owned a caryhilein 1980 this figre had increased to 9% aoday tle share iassessed around
12%. Continuing with the actgabwth rate, by 2020 15% of world population is expected to own
a car andgiven that in the next 15 yeaxsld population will probably reach 7.5 billion, the total
number of vehicles will rigefn 850 million tahe staggering figure hflbillion (Crea, 2010)

The automobile, due to the undeniable advantages offered in terms of fexilspied
representthe main concurrent of public transpérom 1950s, the share of trigede by puld
transport has decreasgdadilyin western countries, in favour of private motorized transport. In
Europe,during the period 1972000, this rate reduced from 22% to 14%, dwingd in hand
the suburbanisation of numerous citfg¢BCSD, 2001).

Congquentlyfrom the 1950s to the 1980s, the infrastructures devoted to public transport
losttheir primary rolealso because of urban plaimingat the maximisation of car accessibility.
Several cities experientetl or partial closures of tram, gpbus andrbanrailway networks,
which represented an obstacle to the increasingly intensdocirofilarivate cardvioreovey
public transport agencies suffered a period of finarisialleading to the reduction of transport
offer. However, the hamf u | i mpacts of c aapidlyappearadsparmingt 6 s hyp
from congestiofto airand noise pollution, accidgraccupation of urban space Soon many
local authorities realised that measures able to control car transport were necessary, therefore, after
decades of stasibey undertoolpoliciesaimed to improve public transport, with the goal of
offering a real alternative to private Garsport.

In some cases, the transformation or tteerengement gfublictransport infrastructuse
or nodegepresented the opportunity to restore brghdnareas. This typology of plans, spread
out during the lastecadesf the 20h century, deal witdisused or underused infrastructural areas
and design new services, offices, retails, residences. The new activities benefit from high
accessibility provideby public transport servicasghile theconvenient location guaranteed the
financial balancenkied to the predictable high demand high real estate val(Msccia, 20H).

The revamp of public transport

During the 1980s, starting from the United States of Amaulga authoritiestarted
encouraging the use of public transgmtrred bythe issues related to the intensive use of car
transportPublicadminisrators, experts aratademicsealised, however, that the improvement of
existing public transport services and infrastructures, or the opening of new lines, proved to be not
sufficientfor this purpose but a global reform dhe urbanorganismwasnecessaryCervero,
1998).American cities have grown, sitfte1950s, following eommonpattern, with a small,
central area, reserved to tertiary activities and characterised -fge bifjbe buildings
corresponding to the salled Central Business District or CBD, and lpeddheriesmade up
by lowdensity residentimleighbourhoodswith thousands of singlmily housesvith private
yards and parking spaces. This kind of urhastse is made possible only by privateoaility,
and discourages the realization of-bagiacity public transport services, since theekidential
densitydoes not provideenoughpotentialpassengers, thate required, for exampléy rail
trangort to be financially sustainafi¢arique & Reiter, 201This is one of the reasons why the
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suburban lovdensity development, despite its appearance of quiet neighbourhoods and wide green

spaces, is believed to be one of the most unsustainablautiyaa ckttlement.

The needf re-thinking urban form has emerged more vigorously in the United States of
America, whiclprobably represent the countriyerethe detrimental effects sfiburban growth,
together with the intense use of asmore evidentScholars and public administratespecially
from that countryhave startetb develop planainingto concentrate urban development in the
areas c¢close to public t relatvetyeentapgoachisdefmadi o n s
Transit Orienté Development, often shortened by the acrom@D, and its first formulation
dates tahe 1990s, with the warlof authors likeCalthorpg(1993)andCervero(1998) It can be
said that TOD acr ony m hthesmodt eomroomappraachéd lanth usé 6
andsustainablgansport integration.

In Europe,differently from what happened in the United States, thexiptence of
historical urban cores, with thpiculiarspatial arrangemehamperingcar mobility, parti
limited the explosive growth of caobilityand suburban development, althowglayEuropean
cities and regiorfaceproblems that are largely comparable to the oneteagpd by American
cities.For these reasorBuropean authdies and public aginistratorsconsidefTOD principles
as valuable teneis, order to reduce the environmt@rnmpact of urban settlements (Bertolini,
Curtis & Renne, 201®loccia, 201).

Sustainability , safety and transport

an

rep

Before exploring the consequenctehghlight TODGSs

how the concept of O6sustainabilityd deeply
related to transporDuring the 19904¢he awareness of timegativampacts of transportation
emerged especially fronthe environmental point of viewrhe concept of sustainable
developmentcarried out byhe Brundtland Report in 198fas influencedh¢ way of looking at
transport sectofLanghelle 1999. Many local public authorities have started plans and policies
aimed to boost transport modalities with lower impaotsgtimeseaching incomplete and
unsatisfying resultgCarteni, 2014rnyway these actions increased the consciousness about
transporta i 00nsoieffeetsiBanister, 2005)kading to the emergenceadf s ust ai nabl e
mo d éBhnister, 2008Yhis approach aims to satisfy mobility needs and, at the sane time,
reduce negative impacts of mobility itself. However, it is nad déwaintradictions, and the real

i mpl ement ati on o principlesas leighligaed,linenany casasdrabbistgcies

and barrier@May & Marsden, 2010).

According toEuropean Envinamental Agenc{2015) in the 28 countries of European
Union, transport sector is the only one, among main economic sectatis] ttudtreduce its
greenhouse gas® e mi s si ons 18982013.rConversalye they encreased by 19.4%,
despite theconomic downturn of 2008.

According tolntergovernmentaPanel on Climate Chan¢2007), private motorised
vehicles represent around 23 per cent of global greenhouse gas ehmgsj@peratingon
emissions caused by transpsduld represent a fundamental action in order to reach the
objectives of sustainability and reduction of polluting ersjsalea ratified by international
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agreementsihese figures lead to meditate on the effects that transports have on air and urban
environnent quality.

It i s worth r e me mdeanoniicreffectd In faqasgemger tirdnsports o c i 0
shows levels of risk linked to accigembticeably differemtccording taransport modalitie¥he
comparison betweetifferent transport modes frometiperspective of safety is not an easy task,
the few studies in this branch refer to the entirety of passenger transport modes, without distinction
between urban and extra urban t(fpgans & Addison, 200However, some differences are
clearly underlinke railway and bus transpasuallyobtain the lowest values in terms of deadly
accidentgRumar, 1999)

Mode per 109 il [ e per 100 million person/hours
kilometres
Total 1.1 33
Bus 0.08 2
Car 0.8 30
Road

Foot 7.5 30
Cycle 6.3 90

Motorcycle/moped 16.0 500
Train 0.04 2

Others Ferry 0.33 105

Air 0.08 36.5

Table 2. Estimates fatality risks per person kilometr(eisgggd hours for each tsport mode in EU. Source: Rumar

In the light of these figurethe fatality risk can be considered an additional factor of
distinction between public andvate transport, inasmuch it slsovery low values in the case of
public transport and higher values in the case of private motorized transport.

The polluting emssons linked to transport activities indirectly affect global clumaer (
et al, 2010, butalsohave direct effects on human health. Almost all the motorized transport
modes produceyith their functioninga certainquantity of gases and particulgtetentially
harmful for human health. However, also in this case, remarkable differences exist among the
different transport mode# terms ofnot only enemgic efficiency,but alsoregarding the
localisation of polluting emissions. Transport modead@atlectric tractiahelectrified railways,
trams, trolleybuseglectric car can concentrate energy production in efficient power plants
located atside urban areagparatingmission sources from densely populated centres. Moreover,
technologicavolution could improve the usagemérgycomingfrom renewable and leimpact
sources, as it is happening in the case of car traRspom, 2006

Nitrogen oxides, sulphur oxides and mpendiculates, produced by combustion
processes, are the maesponsible for the harms to tiemanrespiratory system; it is esteemed
that the polluting emissions, of which a substantial proportion comes from transports, provoke
more than 40000 premature deaths each year in Euipepean Envinamental Agengy
2015)
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Acoustic pollutiomepresentsneadditional threat to human health. According to European
Environment Agencg2014) 125 million European citizens suffer a potentially damaging level o
acoustic pollution produced tmad trafficThe quantityf people affected considerably decreases
if other sources of acoustic pollution are considered: in fact, about 10 million people are exposed to
noise coming from railways and about 5 are exposed to noise produced by air traffic. Such
pronounced differences cdme explained by the different locations of the cited transport
modalities, with road transpoxtisethat, due to its capillaritpevitablyaffectsa higler rate of
populationThose considerations, regarding polluting gases emissions and acdimicgeaia
to be a further factor in support ofligesand actions aimed to limit the growth of individual
motorizedmobilityand foster, at the same time, publid noAmotorisedransport.

Many scholars highligtitat not all transport modes have shene impact, in particular
from the point of view of polluting emissions and energy consurkpbionthe energetic point of
view, raitbased modes are the most efficient ones, doeitghysic characteristics, that entail, for
example, aninor frictionopposed to motion. It has been calculated that lorry transport shows a
specific energy consumption fifteen times higher than railway transport; about passenger
transportation, according to mobility measure criterion, car transport is two to thresstimes le
efficient than railway transp@osén, Capilla, Bribian, Scarpellini, & Sastresa, 2011).

Due to the reasons linked to energy consumption and safety, a rough distinction can be
sketcheetweerurbantransport modewiith higher rates of consumption dedssafetyd like
car, motorbikeéd and, on the other side, transport modes with better performances in terms of
efficiency end safedybus, train, metro, tram, and collective transport in general.

It can bearguedthat, when discourses abgustainalitly in transport are made, they
shouldencourage the shift from individual motorised trandpzant and motorbiké to collective
and public transport, and to increase safety of individualotorised transpor§ walking and
cycling. In this thesis, ehaforementionedlistinction will be used in order to distinguish

dunsustainabl e transport modes 0, i . e. i ndivid
mo d e spiblic tiansport, walking and cycling. However, the aim ofgbarcls notdo fight
against cab , but is to help in shaping an integr at

localisation of activige and population, where different transpernodes should work in
cooperation rather than in competition.

Urban system and transport s ystem in the age of urban

transformation

As recently highlighted by Bertolini et(2012) starting fronthe 1980s, in Europe, several
urban redevelopment plans have h@edued, regarding areas close to railway nodes. These
plans principally involvede main railway stations of the bigger European cities. Somesxample
are Liverpool Street Station and Kingds Cross
de Lyon in Paris, Euralille ifllé, Stuttgart 21 in Stuttgard thecentral station dftrecht. In
other cases, urban redevelopment came together withbiiargnsport infrastructurésis the
case ofthe wellknown London Docklands, whosgan transformation into a financial district
entailed the realisation of the Dockland Lighteya and the Jubilee LifMoccia, 2018, or the
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new financial districf Zuidasin Amsterdambuilt around the railway node of Amsterdam Zuid
station(Jacob Trip, 2008).

Betolini et al.(2012)provide an excursud the operations of urban-developrant
occurred in the last three decades, around railway nodes of European citiedentihegix
6guiding forces 6 tdachnaldgicalaimovati@fsrailveag infeastryctute,sthe t h e
technological innovation of industrial sites, the jmatian ofrailway companigpublic policies
increasingly directed to boost the attractiveness of neighbourhoods and cities, the struggle for
sustainable development patterns, the spatial dynamics of contemporary cities, with more complex
demands expreskby citizenscity users anfirms. According to themhe interventionsealised
in Europe in the last three decacas be classified into three categories, differentiated on the basis
of dimension, typology of city involved, promoters of the initiative, predominance of one or more
abovementi oned hedcptegorics amjvatd investmersts) urbarl mpgaects,
Transit Oriented Development. The interventions belonging to the first cadpiprio the
demand expressed by railway comparpésmaximisingthe profits coming from urban-re
development of brownfields located in the surroundings of stafluesapproach hadts
maximum spread in United Kingdom during the 1980s, when railway companies hadthoacope
drasic reduction of national fundsvoted to public transport, and the privatisation of many public
transport companie®An emblematic exaneplof this strategy is Broadgate, the urban district
developed around Liverpool Street station in Lowdaich tookadvantage dfs central location
and of thefavourable conditiorsf r e a | estate market. Similar proj
Garede Montparnasse and Gare de Lyon in Paris, have not been able to repeat the success
obtained by the urban-development of Broadgats.Italy, a policy of refurbishment of main
stationscan be recognisewhose distinctive aspect corresponds to thdidnsef shopping
facilities inside railway terminaligh the aim of reducing confliclisked to redevelopment
projects Moccia, 2014.

The secondypologyof interventions, common during the 199@sresponds tdhe
categoryo f 60 Ur bmmo | netediffessd from the earliest sindge is founded on the
improvement of railway infrastructure, e.g. the inaugurativghaipeedines on the strategies
pursued bypublic local authoritie@med ¢ increase urban attractiveness, and on new lifestyles
This typology of interventiossruggldo take advantage of thighspeedailway nodes in order
to localise, in their surroundings, new facilities and services. In this case, national and local public
authorities act agromoters, while private deymos have a secondary role. As emblematic
example Bertolirgt al.(2012)cite Euralille station in Lille, France, which sudsgsartly due to
the favourable position of the city of Lille, easily accessible from Paris, London and Bruxelles.

The third ctegory defined bhe authorss Transit Orieted Development. This approach

i s f ocused on environmkeaot mérdbyer,il & thaostedabip thé i t vy as
infrastructuraimprovement ofmetropolitan mobility systems. The intervention sbaleges,

embracing entire urban and metropolitan systems rathesirigbatransport nodesFrom a

chronological point of view, this approach has started to spread at the beginning of this
millennium, preventing an exhaustive evaluation of its implementat effects. Amor
examples reportedan be citedhe StedenbaBian,involvingthe south wing othe Randstad

Conurbation, irthe Netherlands, arttie ®Regional Met@Plan in CampaniBegion ltaly. As
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already sketchedhet attempt to integrate ban planning and transport is not a European
prerogative, but can be found in many countries, Nianth Americato Far East countries and
AustraligCerveo, 1998; Dittmar & Ohland, 2004 each contexthe guiding principles are very
similar: on oneide the goal is to concentrate urban developderd. residences, jobs and
facilitiesd around public transport nodes, preferably railway transport, in order to promote the
ridership of transport modalities with émenvironmental impact. On the other side, it is necessary
to improve public transport networksréachexisting urban settlements and contieot with
planned and new urban developmantsing toprovidegood accessibility by public transport

Land use and public transport integration

As explainedn the previous paragraphise relationships between public transport and
urban spaceds attractingincreasinghattention Scholars, public authorities and planners are
becoming aware that transport systant land use are deeply intertwined, though transport
choices and spatial planning strategies areuoftmordinated Therefore, the harmonisation of
transport and land use planning is becoming one of the most recurrent approaches, aiming to
reduce therevzironmental impact of human settlements, to provide better accessibility, encourage
the shift towards more sustainable transport choices.

TOD
As already sketched, some authors elaborated the concept of Transit Oriented
Development, whichas becoma é1 @b embracing the concept of | &

integrationEven though does not exit a univocal definition of TOD, it can be said that its main
goal is the integration between public transport and urban settlements (Knowles, 2012). Through
the management of lante, it encouragesban developmemtround transport nodésrailway

and metro station, tram and bus stdmnd suggesadoptingmediumor high-densityurban

structure.

Among TBaaByesarrecallthe creation of liveable, walking/cycling friendly urban
spacesand the reduction of car usdhat has proved to hageverahegative effects. Evenaif
unique definition of TOxannot be declaredie can sketch its main aspects, that stem from the
studes of Calthorpe (1993), Cervetoal.(2004), Dittmar & Ohland (2004). These authors,
recognizing the environmental and social unsustainability of the actual urban and transport pattern
in North American citieglaborated an alternative mdtalt aimgo integrate land use planning
and public transport management. The main goal of TOD is to build liveable neighbourhoods, i.e.
urban areas in with adequate pedestnacycling paths, a relevant mix of functions and a
sufficient density of residences @iftb. These neighbourhoods should be connected to high
quality public transport network, firstly rail transport. Thus, according to TOD principles, urban
development should be focussed around transport stations and stops in order to offer a relevant
subsitute to car transport and to maximise the ridership of existing public transport services
(TransLink, 2012)The supporters of TOD imagine, therefore, to build high density,
pedestrian/cycling friendly, f ukingdisiarwéd a1 t g mdi ve
rail stations or bus stops. They oppose this concept to the typical residential suburban areas,
dominated byinglefamilyhousespnly accessible by car, without basic services, like small stores
or facilitiesthusforcing people to a intensive use of car. This pattern of suburban development
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has been highly criticised tyymerousAmerican scholars, like Jackson (1985), Duany; Plater
Zyberk & Speck (2001)

Some authors underline that development around railway nodes is preferable to
development around bus station or otpablic transport modalities, because of the greater
environmental efficiency of railway transpbinerefore, TOD is considereda viable strategy
against suburban growth, but it could also have positive effectsimemntial wealth of transport
agencies, due to higher transport riderShipe ar eas <c¢l oser to stations
becomeprime location for urban developmehOD aims to realisa mediurto-high urban
density, compact urban areas withadequate level of functional mix, designed to maximise
accessibility by public and mapntorised transports.

The following list summarises th®incharacteristics of an urban settlemeetted to
public transport,caording to Victoria Transport Pollogtitute.

1 Presencef a public transportds station or s
waitingspaces, small retail activities.

1 Roadsand blockslesignedb encourage walking and cycling
Roadswith trafficcalming systems.

1 Functionalmix, embracing retails, schools and other public services, residences
differentiated by typology and size.

1 Parkingnanagement, in order to reduce the quantity of parking areas.

=

Medium to high urban density values are needed in order to provide a swifitien of
passengerable to sustain a hiffequency servid&uzuki, Cervero, &chi, 2013) moreover,
urban density itself reduces distances between residences, jobs, retails, facilities, thus making them
reachable by walking or by biket all transport modalities have the same effiecterms of
attractiveness: it has been observed that passengeaalwsingransport are willing to walk much
longer distances to reach the station in comparison, for example, to bus passengers. This is
explainedby the greater speed of railway transport, by the factdliahs are usually more
comfortable than bus stopsc. (Daniels & Mulley, 2013

The concept of TODearly formulated in thenited States of Amerjceapidly spread
across Europe, Far Eastuotries and Australia. Its first form, initially developed by American
scholars and mostly focussed on urban scale, has been extended to urban amwhtegioial
Europe, the TOD approach has met some emaxa@mples, whiathate back to the firsah of
the past century, I i k @&nowldse201@)a p et nhhea gSet nodcsk héoH i mbgse
of satellite citie§Stojanovski, Lundstrém, & Haas, 20IRgse cities planned their expansion
along transport corridors, in particular along raiM@gseeing the importance of providing an
adequate level piiblic transport accessibility.

In the Netherlands, some public authorities started policies and projects aimed to
implement TOD principles. Among them, one thest frequentlyreported is the scalled
Stedenbaplan i mpl emented in the Randstadds south wi

2 Definition by Victoria Transport Policy Institdtettp://www.vtpi.org/tdm/
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Rotterdam, The Hague, Dordre@rtd GoudaStedenbadmes not plan to build new rail or metro

links, but takes advantage of thesat#in of a new higépeed railway, opened in 2008, running

from Amsterdam to the Belgian bordehich allows to improve frequency of intercity and
Osprinterd trains along the existi rsgeeditrargi on al
traffic. The objective is to provide a mdikke service in 34 existing stations and 13 planned ones
along therailway linksSchipolDordrecht, The Hagu@ouda and Rotterdaouda, while

regional and provincial authorities are pursuing an urban develstpategy aimed to intensify

urban developmeatoundrailwaystationy Bal z & Schrlinen, 2009) .

In Italy, even though a real TOD strategy cannot be recognised, the most populous
metropolitan areas have triddor are tryingd to focus urban transformat®mn railway
infrastructures. The citie6 Rome and Naples, for examplave started in the 1990s a period of
urban planning reform, explicitly considering accessibility by public transport in their planning
strategieqCerrone, 2013; Comune di Napdl)3 with onlypartial achievemenitdore recently,
the city of Milan has elaborated a strategy aiming to transform dismissed rail yards into parks and
publicspacés whi l e the city of Turin is realising th
linked to the transformation of a losegtion ofailwayrunning in the central area of the city into
an underground hyass obtaining new urban spaces and reconnecting the neighbourhoods once
split by the railway line (Comune di Torino, 2017).

A wide lterature exists about the advantages of Transit Oriented Development. Some
scholars underline that people living in transit oriented urban areas, in comparison to people living
in conventional, car oriented, districts, own less cars, travel less bymuaire psiblic transport,
prefer alternative transport modesvalking, cycling, taxi servicestsharing, cgpooling, etc.

Urban areas oriented to public transport, if compared to conventional urban areas, can halve the
quantity of tripgnade by car (8eero & Arrington, 2008).

Studies led in the Region of Portland, capital city of Oregon, USA, have shown that areas
served by highuality public transport, with a good degree of functional mix, obtain the highest
rates in terms of public transport ridgrsind, at the same time, lowest rates of car usage, number
of cars per household and vehicle miles travelledi®r(Fortland Bureau of Transportation,
2009).A study publishedby the Center for Transiriented Developmen(2010) referred to
ChicagdRegion, have pointed out that households dwelling in neighbourhoods oriented to public
transport produce 43% less greenhouse gases. According to these studies, policies in sustain of
public transport oriented development could led to a reduction of grectho gases d emi ssi
36% across the entire region.

31n the city of Rome this approach was summarised by tteelimaura del feffbe iron therapy);
while in Naples the new urstaant ipd masn pMdasn@.ccompani ed |
4 Blog postMi | ano | Scali Ferroviari: Stefano Boer.i (
Retrieved fromhttp://blog.urbanfile.org/2017/04/12/milanescaliferroviaristefaneboertci-raccontaun
fiumeverdemilano/
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Daily Auto
Land use type Mode Mode l\goﬁte. Mode 'goﬁf Vehicle | Ownership
P Split: Auto | Split: Walk Pt Split: Bike pi Miles per per
Transit Other .
Capita Household
High Freq. o 0 0 0 0
Tr /Mixed Use 58.1% 27.0% 11.5% 1.9% 1.5% 9.8 0.9
High Frequency 2, 1o, 15.2% 7.9% 1.4% 1.1% 12.4 15
Transit Only
Remainder of | o) o 9.7% 3.5% 1.6% 3.7% 17.3 1.7
Multnomah Co.
Remainderof | g5 50 6.1% 1.2% 0.8% 4.5% 218 1.9
Region

Table 3. Effects of public transport and land use miE< on n)mdal split. Source: Portland Bureau of Transportation
2009).

Kimball Chester, Gino & Reyrfd013)esteem the effects of public transport oriented
development, using the Life Cycle Assessment approach in adaluate the environmental
impacts of products, processes, services and activities, including the impacts caused by the
realisation and maintenance of buildings and transport systems. This study analyses-the urban re
development program carried out by dite of Phoenix, in the USA&here theadministrative
board has decided to develop the areas close to suburbad milwayt ops. Thteresul ts
city of Phoenix, through the buildingof 2000 r esi dent i al uni ts in stat
contribute by 7% to the objective of Arizonads
obtain advantages in terms of air quality improvement and reductionyaf@rsengption.

These figures help giving an overview of expected advantagesusk lamdi public
transport integration. In the following paragraphs, some terminological and methodological aspects
of thisfield of study are clarified, also illustrating the node place model, an assessment tool used to
evaluate transport nodes performance

Catchment area

The distance that people are willingrawelto reachtransport nodéss afundamental
parametein studies about land use and public transport integiatitact this value is used as
basis n order to def i aalsullyHtid dassumes thpadsengarsohrailwayt ar
transportare willing to walk half mieabout 800 metreswh i | e f o passéngess thisi ne s 0
valie decreases to a quarter thigdout 400 metres. Such distances are obtained on the basis of
walking speed, evaluated between 1 and 1.5 m/s (respectively 3.6 and Sthekefdngtravel
time for 400 metres falls between 7 and 4.5 minutes, while 800 metres are covered in a time
between 13 and 9 minutes. Longer times, and distances, are condideyedenientand
discouraging the use of public transpGetlthorpe, 1993jieverthelesshere is nbunanimous
consensus on the correct vdlbaerra, Cervero, & Tischler, 2012).

5 Distance between ttwigin/end of traveb e.g. home, school, workplace, étand transport
noded railway or metro station, bus or tram stop, etc.
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Therefore, i n Tcalhment areds adrsespond to atcircle with dheir
centre on the transport node and a radius of a measure between 400 and 800 metres, sometimes
reaching 1000 or 1200 metke y ond t he debate around the val u:
reported the disut e about the shape itself of stati ons:e
believed, bynost ofthe authors, to be a good approximation ofit@®catchment areaue to
the thick road network that can be found in urban dvetiermore it represnts asimple and
direct way to defineatchment areadowever, sme authorssot e t hat stati onsd c.
areinfluenced by the design of road network, by the quality of pedeshsarefgat arguing that
these factors cannot be ignored. In Bustiathese statements, they cite or develop studies aimed
to redesign catchment areas based on the quality of road and pedestrian ushgoen
approach that has been d@utiérrez&daréBalenares, 20K8),di st a n
or &Giomedh #&PSpllivanaMotiison, & Shearer, 2000& comparison between circular
catchment areas and areas obtained with isochrones shows remarkalbéeWartletiorR01)2

The relevance of the debate around the shape and the extension oftcatenoan be
explained by the fact that, in many cases, the delimitation of these areas is crucial to individuate

which residents, wor kpl aces, anoartditransporti nedes, ar e co
participating to the evaluationtodnsm r t nodesd performances. Ther e
OEuclideand approach or ©6isochroned approach i

choice, anthe researchshouldponder about ibn the basis dhe contexbf implementation

The node place model

In the branch of land use and public transport integrdtiennode placemodel
introduced by Bertolini (1999), is often used to assess the degree of irtietratontransport
and land us&@henode placenodeldescribep u b | i ¢ ststatians ang stops dn the basis of
transports er vi ce 0 s q udehsitytoftheaareas lothwosel to stadians themselves.
According to Bertolini (19990, fact, each station or stop can be defined, at the same time, as a
6noded woirthleit wotr kam@® d urkhan éoptéxa It ie @node ibdcduse rpeople use
it to physically access to transport, and it is a place because people carry out several activities in the
0 c at cdreagBertolidi, 1999).

Each node is diffent: withina transport networtherearehierarchies, sometimes very
pronounced, r egar Asiintuijon suggdstasnétro atgpeite feequenb traing t y .
is much more accessible than a small railway station placed along a secondary vaikray line,
only fewtrainscall Al so from t he @e&d,ntr erha rvkcariwécen &d it fhfee réep
station l@ated in the city centre, witlgh levels of urban density andctional mix, offermany
more opportunities in comparison to a stati@atéd in a rural area with low destial and
functional densitfach st ation i s, t hus, classifiabl e on
and residential and functional density and afids t at i ond s cat chment ar e
classificatiois translated into two indexésodéindex andplac&index. A xy diagram used to
display the resultén which the x axis represents fglecevalue whilethe y axis represents the
node value.
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Each stationonce classifieds represented by points on tkg diagram. The points
located close tthe bisectorline, in the central sector of the diagramre those that show an
equilibrium between node and place indexes. This means that transport service matches the

quantity of radents and activitiégcatedwi t hi n

stati

oPRpoidts locatedtose tome n t

the bisector line, but placed in the-tgght and bottorleft sectionof the diagrafrespectively
representoddéepternadseand eadn s i toda tr sdughdedel bf mccdsdibdity f i r st ¢
registeredogetherwith high urban density, while in the secoased 6 d e p e nddlewm c e &

accessibility is matched with little urban densitg. ISi o n s

t hat

f aekctbdof thes t s i

diagram couldhav a disequilibriurim the sense afodeor placeA prevailing node indereans
that, despiteapd accessibilitthe areas surrounditiye node are characterisedldwy urban
densityunbalanced nojl€Converselyif place inderutreaches node index, the station area shows
an intense land use patters, wialasport service is insufficiganbalanced place

A

Node

b

Unbalanced
node

place

Unbalanced

v

s

Place

Figure 1 The node placemodel. Source: Bertolini (2005).

ar f

de t

This way of classifying transpastlas can be the basis on which elaborate suggestions to
policy makers, like transport companies and urban pjamtkisketch integrated land use and
transport planning strategiesoking affigure 1, dashed lines represent the possible dir¢lcsions
atransport node could follow in order to move close to the bisectarliaesituation in which
transport offer and land use intensitynameein balanceln the case of unbalanced node, where

high accessibility meets low urban density, the polic\dcouc or r espond

t o

order to increase the quantity of people, jobs and aciivitiee catchment ardarrow a)
Otherwise, if particular constraints impedi&n transformations, the alternative option could be
transport
service time, etc. The reasons beyond the last choice can be financial or environmental: in fact, to
provide a very frequent service in a node where transport demand isgmtaaldiepresent a

(arrow b) the deera s e
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1
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waste of financial resouréahat should be destined to more urgent purfgbiesteringa useless
consumption oénergy

In the case of unbalanced place, e.g. represented by small stationkessevarghst
growing cities, thbalance can be reached by increasing node index, i.espadicEequency,
reliability (arrow odr by operating on land use regulations in order to decrease urban pressure,
reducing the valu# place index (arrow d).

The described strategies are referred to tramspgand use aspedist, in reality, policies
and decisions often embrace these two aspects, or they consider different temporal steps, as can
happen in urban development plans where transport infrasshetee to be realisditst. It is
important to underline that, sometimes, peculiar conditions lead to aGo#mlanceibituation,
like in the case of railway stations serving airports where, despite the low residential density of the
catchment aee a very frequent service is needed in order to ensure an adequate accessibility level.
For these reasons, the classification of transport nodes should be considetteat hdedb be
used carefullysince its outcomes cannot be translatedmaticé) into transport or land use
planningchoices.

26



Land use and transport integration in small cities

Chapter 2
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Research framework

This research is part of the wide debate about the integration of land use planning and
public transport management. In the last twenty years, in many countries over the world, concerns
have grown about the increasing mobility demand linked to economic agidjolein growth,
concentrated in the urban areas (Castells, 1996; Sheller & Urry, 2006). At the European scale, even
if the urban population is substantially steady, there is an increasing mobility demand, which cannot
be satisfied only by private mohiliEpis, in fact, has several negative consequences in terms of
greenhouse gases emissions, accidents, acoustic pollution, congestion, etc. The contribution of
private motor vehicle to the total amount of emissions represents, accondengadeernmental
Panel on Climate Chan@®07), 4% of transport sector emissions and rough¥y @Boverall
greenhouse gas emissions.

For these reasons, many European municipalities, in particular governing bodies of
metropolitan areas, are undertaking efforts direcethance public transpartd offer a viable
alternative to car transport. This approach is parivafes strategywwhich aims to increase the
sustainability of human settlements. The reduction of transportation impact, in fact, can play a key
role inthe reduction of the impact of human settlements.

Over time, has become clear that the policies directed to improve the public transport offer
d i.e. new infrastructures, frequency increases, new and more comfortabled \efuctasy
limited effects opublic transport ridership. Mainly for these reasons, several authors claimed the
necessity of a better integration between public transport and urban areas. In the first half of the
1990s Peter Calthorpe (1993) coined the acronym ®QmRansit Oriented Bvelopmen® to
identify a differenapproach taurban development, which aims to build more livéablg.
pedestrian and cyclist friendlyrban communities around transport nodes. The main issue faced
by Calthorpe is the dominant role that car hAsniarican cities from the end of World War I1.
The high rate of motorization that characterizes American society is tightly linked to the suburban
sprawl, an urban morphology that has high environmental impact, frustrates social life, and limits
the develoment of public transport.

Many cities in the USA, Europe and Australia experimented a suburban growth, with issues
largely comparable to the ones criticized by Calthorpe and the supporters of TOD. For these
reasons, several municipal boards started TOfrapnmes to increase public transportation
ridership and limit car mobility.

Encouraged by the perspective of a radical solutipnolbems likecongestion and
pollution, and by the possibility to offer attractive places for real estate investmeanhtsitissver
and metropolitan areas around the world have started to implement land use and public transport
integratiorprogrammes and plans (Bertolni e8ll2; Cervero, 1998ervero et gl2004). The
shift from theory to practical application haghlighted the existence of many barriers and
obstacles that can prevent the realization of the principles of integration. Some scholars focus on
the institutional or communication obstacles, other underline the advantages of the assessment of
actual angiotential performances of transport nodes.

Some authors underline that the classification of transport nodes can be an effective tool to
overcome implementation barriers. As highlighted by Kamruzzaman, Baker, Washington, & Turrell
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(2014), TOD typologies Ve several advantages, for example help policy makers and stakeholders

to create common sets of strategies, enable comparisons between nodesseafingn

acceptable balance between uses, density and transport service agdesrrainped set of
objectives. These evaluations are based on th
introduced by Bertolini (1999) respectively measuring transport quality and land use intensity.

As will be clarified in this chapter, the literature review nedettiat severaltudies
apply TOD typologiesto metropolitanareas andlensely populated contexts. The aim of this
research is to extend the i-mgropeltammtatoitecan hatt TO
show unsustainable transport pattern @anddvels of accessibility by public transport, with many
negative consequences from the environmsotajandeconomic point of view.

Barriers to TOD

Someauthors recognise that there are many barriers that impede themeafliZ@D
principles (B#olini et al. 2012). Van Vliet (2000) and Banister (2005), underline that the obstacles
can be identified with conflicting interests and complexities that are common in the branches of
land use and transport. The obstacles can be institutional,, goldicahl, legislativar, they can
involve skills and information (May & Marsden, 2010). Curtis (2008) reports the study case of
O60Net work Cityd in Perth, Australia, as an exam
a TOD spatial frameworkurtis lists the barriers that had to be overcome in that specific case: the
absence of a national policy framework supporting TOD, the weakness of regional planning
sysem, the little awareness shdwntransport agencies of their role, the inadequateaap to
planning practice, the conflicts with communities and stakeholders. ®h&mdslini (2014)
bring out si xteen O6Critical Success Factor so,
TOD programmes, as shovby the analysis of eleven stwdges among European, North
American and Australian cities. The Critical Success Factors can be grouped into three categories:
plans and policies, actors, implementation. They are: policy consistency, policy stability, government
support, national poli€ stability, local political stability, actor relationships, regional land use
transportation body, intemunicipal competition, multidisciplinary implementation teams, public
participation, public acceptance, key visionariespeiiéic planning toglsegional level TOD
planning, certainty for developers, willingness to experiment.

Some authors focus on institutional barriers as the major impediment in turning TOD
tenets into practice (Rietveld & Stough, 2005). These include, for instance, tbedatikaifon
between zoning policies and transport strategies that prevent mixed and dense developments along
railway corridors (Leinberger, 20@9gnthough the demand for walkable and-egihected
neighbourhoods is growing (Broberg, 20RBrommaedstroetand Bertolini (2010) underline the
wide differences existing between the branches of land ussnapdrt, whiclimpede an easy
communication. These differences refer to planning objects (places vs. networks/flows); tools
(spatial GIS vs. mathetical transport models); operational modes (holistic visioning vs.
optimizing problem solving).

As claimed by Bertolini et al. (2012), the integration between land use and transport
planning is a complex challenge, since it involves many differenndcstakeholderd public
transport agencies, local and regional government boards, public passpogersievelopers
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and investors, private citizens in gerdevethose goals are often divergent when not conflicting.

For these reasons, they cite setraegies that are considered exemplar in the implementation of
TOD principles. On the basis of some practices led by Australian cities, Newman (2005) lists
among the characteristics for a successful planning strategistéiece of a strategic plagnin
framework that asserts where centres need to occur, in what density and mix, and links these
centres with a rapid transit base, almost inevitably with eleéritheapractical experiences
reviewed by Bertolini et al. (2012), confirm this statemené& cases of most successful TOD
implementation, such as Singapore and Tokyo, a strategic planning framework is necessary to
achieve a sufficient level of coordination among the station areas involved into the development
process.

Evaluation of transpor t nodes

Some authors individuate the evaluation and classification of transport nodes as an
effective tool in order to shape scenaridaraf use and public transport alignmeftén referred
to a studyase. The classification leads to the buildiggabgies, which have several advantages
as underlined Bgamruzzaman et §2014).

Categorisation of TODs into typologies enhances their planning, design, and operational
activities in many ways. For example, the similarities within englgrsabow policy
stakeholders to create common sets of strategies to plan or to improve performance.

As a result, the typology helps answer que:
effectivemiiesie devel opment ?2@éraddwhappadensli ocasi a
of transit service are necessary:?:

Classification also reduces management complexity for infrastructure companies by enabling
the application of standards in operations and development.

Classification enables compapsdissraadce assessments within the station classes,
identifying successful benchmarks or highlighting needs for action.

Moreover, the classification allows to analyse the existing built environment and to define
what type of policy is suitable for eactierdbor group of then® and not only if a site is eligible
for urban development. The results of classification can be used by public administrative boards in
the definition of development strategies at the urban, metropolitan and regional scale.

The clagfication of transport nodes is considered a field of study in which there is a great
potential for further hdlepth analysi$he application of land use and public transport integration
to nonmetropolitan contexisnderlines issudéisatdo notreceiveenough attention. For example,
accessibility of main transport nodesyrelationships between transportodes ard
origins/destinations of tripplacedb ey ond t h e , thevpotehtial lofl trearGpora as eaa
network, i.e. not jughe accessibility guateed by main transport but the connection between

30



Land use and transport integration in small cities

different transpontnodes All these factors, in fact, have a decisive role-telasity contexts and
shouldbe analysedeeplyi n or der t o app! ywithin nhese geogrdaphicaln 6 s pr
contexs.

The core question
The following question summarizes the central aim of this research:

How can a transport node evaluation help in improving accessibility by public transport and
noAnotorized modes withimet@politan areas?

The basic factors of thfjuestiomrelistedas follows.

Transport node evaluiatitre methodology used to rettedr e s e a r .cAR élrsadyg o0 a |
outlined transport node evaluaticnbelieved to be an effective tool to overcome implementation
barriers in the field of landaiand transport integration.

Help in improving accesghitieymain objective of the research, sustained by a wide set of
studies regarding the impact of mobility and accessibility on social inclusion (Gray, 2004; Preston &
Rajé, 2007), sociaistice (Farrington & Farrington, 2005), economic development (Vickerman,
Spiekermann & Wegener, 1999).

Public transport angnuarised moakeslready mentioned, a rough distinction can be made
bet ween ©6sust ai ndapoblicetéansporntwalkirgy paedr cyclingrandd teaissport
modes with higher environmental im@acar, motorbikes. The aim of this research is to support
t he us e of O6sustainabl ed modes, whwdrkein pri vat e
cooperation witpublic transpd.

Nonmetropolitan aréas innovative aspect of tihksearch is the integration of land use
and O6sust ai nabl-mdtropblitasneas, whichdtually iedeikei little cansideration
by academic literature and planning practices. Thigegoaes a clearer definition of the
geographical context to which the methodology will be applied, therefore a statistical transnational
classification of municipalities has been used (Djikstra & Poelman, 2014), as will béagsiplained
in this chapte

The expected result is a methodology applicabkevieraldifferent contexts, but
specifically tailored non-metropolitan contexts, able to describe the actual degree of land use and
Osustainabl ed transport a |l i eemarios.nThe meethodlologyo s k et
resulting into an evalwuation of transport node
policies able to improve integration and, not secondarily, to trigger the debate between actors and
stakeholderd municipal and ggonal planning offices, transport authorities and companies, public
transport passengers, citizens.
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Innovative characters of th e research

A broad literature exists about the environmental, social and economic impaets of low
density urban morphology. Bleecorrespond to transportation and travel costs, social concerns
and poor quality of life, high rates of natural and agricultural soil consumption (Algdiiler,
Burchell et gl.2002; TCRP1998). Even if the impacts on transport seem to be the most
problemati@among the cited ondsw urban densities have proved to be a key factor in increasing
the need to travel (Ewing, Pehd&l Chen, 2003; Steiner, 1994prddver, sprawling cities are
dominated by individual motorized transp&ur¢pean Envinomental Agenc¢y2006); for a
review about the topic of suburban development and mobility see als®&@amdses (2010).
Rural areasand regions with low residential densityen present an insufficient level of
accessibility by public transport, armdratuch more catependent thamedium or higldensity
urban areas, an issue that affects rural areas throughout western countries (Velaga, Beecroft,
Nelson, Corsar, & Edwards, 2012).

Many Nations, across Europe and North America, face the duality bedivepolitan,
wellconnected regions and, on the other side, constellations of suburbs, towns and villages that are
scarcely accessible. This condition has been long studied espioiiiiyphbgnescholars: among
them Moseley (1979), Nutley (1999), Weitc&abe (2(); for a review see also Farrington &
Farrington (2005). They underline how the lack of accessibility affects the social sphere, producing
social exclusion and isolation (Gray, Shaw, & Farrington,Q®@8)scholars base their studies
on the analysis of specific geographic context, as made by some studies about mobility in the
Alpine region (Tischler & Mailer, 2014), Australia (Nutley, 2003), Ireland (McDonagh, 2006),
Scotland (Gray, Farrington, Shaw, Martin, & Roberts, 2001), rural d8&agNdtley, 1996).

As this thesis will outlinelmost all the documented studies about land use and public
transport integration refer to metropolitan areas, characterised by high residential and employment
density, presence of amenities and faciitidsserved by mass transport modes, such as railways,
metros, tram, and bus rapid traridie cited transport modesquire a remarkable passenger flow
to be financially sustainabl eeedas nsausnsnda r(i SZuezdu khi
2013). However, the areas with lower population density and a more dispersed urban pattern often
show an unsustainable transport pattern, with the majority of travels relying on Brivais car
relationship has been analysed through the lens of urbéy bigrihe welknown study of
Newman and Kenworthy (2006hich demonstrates how high urban density is linked to lower use
of car transport, representing a milestone in the studies about land use and transport interaction
More recently some authorsundei ned t hat the mainstream vision
is not supported by evidence. Particularly Mees (2010), referring to data about urban density and
modal split in different cities around the world, proves that some of them, despiesibyw d
values, have been able to realise effective public and/or sustainable transpart network

8 As example, the study led by Tischler & Mailer (2014) referred to the Alpine Region, underlines
that O6Periurban areasd and O6Rur al areas6 show a tra
of modal split, while this ratio decreasest82 i n t he case of 6Urban areabd. |
walking and cycling reach their highest point in urban centres.
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It can be said that, the absence of high urban density is not necessarily an obstacle to the
realisation of an ef f ect itocarb darstranspgorddnchendoliragd t r an
modal shift to public and namotorised transport.

As Mees (2010) highlighturban and transport planners should focus their attention on
the effectiveness of public and sustainable transport network, before sketedlistiscenarios
of ur ban de.nThis apprd@astopensmewvrperspactves for land use and transport
integration, i.e. the application of its principles within geographic contexts that, for their
characteristic8d low urban density, low deweinent expectatiod have been ignored by TOD
academic |iterature and practice. By fthiecussing
research aims to extend the application dfdaa and transport integration to thaxsas where
intense than developmenis unrealistic, ois not desired or where caoriented urban
development has already occurred.

Industrial area -

Town Hall

University campus
O Station
— Railway
— Road network
Urbanised areas
T iCatchment area

Figure 2. Example of missed integration between | and use an
elaboration.
Figure 2 gives an example of missed integration between land use and sustainable transport
integration, referred to the small railway station of Fisciano, in southern Italy, which belongs to one
of the study case$ this research. As can be observed;itbelarcatchment area ofkllometer
radius,does not embrageany of the most relevant facilities of the: amethis case, we cannot
imaginedemolishing and rebuilditlgem within catchment arédoreover the modification of
railway network, with thaim of put in contactailway nodewith facilities and activitjes
expensive and cannot be achieved in shortltimases like this, the unsolved quedtiorwhich
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this researclaims to answed is about the connection between transport infrastescand
attractors, which can be guarantedikbbgiettransport, like cycling, local bus lines, etc.

Context definition
This research refets the context 06 s ma | | ci t idensmpatnrdo ptod wntsadn aarr e
This statement needs a clearer definit gi ven from the point of view

1 Thedefinition of the geographic and social codtettatiss he meani ng of 0

metropolitand areas.
1 Thedefinition of aspects related to accessibility and tradspbat is meant by
Otrarmtspnoded and wh areconsideechnsport modal it |
A digression is needed in ormdeetrr otpool s keatnc ha rve
in the [|ight of this researchds purpose. It [

struggledo definea metropolitan area very f ew aut hemes rtorpiodd ttao e
Thus, ve can refer to the brodfkld o f studi es rel ated t o t he de
Ometropolitan city®d, ©Omet r opthalrélateavithrumataeeasd or , o1

The definition of metropolis and metropolitan areas is one of the most debdbded and
lastingissues among urban planners, and it is deeply rooted in the foundinglsiutielsan
and regional planning. Several authdrsppp e d t heir attention on what
from a common city or a small town. A first group of scholars, that includes the famous works of
Geddes (1915), Mumford (1961), Gottmann (1964), Hall (1966), underline the exceptional role that
meropolises play on the global st&mne authorssethe quantityof population to give anad
of the importance of a cithowever it is not the only one taken into account. (H2@6)
underlines the relevance of the demographic factact,ime conglers the twentfour cities with
a population greater than three milidoim 19640 and selects among them the ones that really
have a global relevance, due to their economic, pdfitidaknd transport primary role. Hall
indicates New York, LondoRaris, the Randstad conurbation in the Netherlands, the Ruhr
conurbation in NorttWest Germany, Moscow and Tokyo,

As reported by Véron (2006), many different statistical definitions exist, among the
di fferent countries of tOmetwomplod, tanh &émetydopelt
the urban expansion is a global phenomenon, even though huge differences occur between
metropolitan areas in terms, for example, of population density. Véron compares Los Angeles and
Mexico City, two metropadis with a similar population in 1828bout 15 millio® but allocated
on an areaf 8000 km in the first case and680 km in the latter. Census departments in
different countries around the world have elaborated orofessrefined definitions of
metropolitan areas. Based on demographic data, they often add considerations on the prevalent
employment sectors, commuting flows, as done in the method developed bBRELPRO12).

Geddes and Hall retilesd, oindeéemtei ft yeirmg Owiotr h di
cultural and political innovations, where are defined the prices and the circulation of goods on the
planetary scale. Based on this approach, more recent authors like Castells (1989), Soja (2000),
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Sassen @1) underline the economic and sociolegiedinked to theemergencef a network

of 6gl obal citiesd. Ac cor di nigtegration, tgpaca sfdahe , t he
globalizati on, | ed t ocitthinethediitiestatmativredd commagd oup of
centres of world economy, headquarters of financial s@cisigss, insurance services, advanced

finance. The same cities are markets for the commerce of the cited gxdditicisally cities

and metropolitan areas haverbanalysed from the point of view of social sciences. Already in the

first decades of the past century, the sociologists belonging tectleelsb ed o6 Chi cago S
described metropolitan areas from thatpd view of social behaviousing the principk of the

ecological sciencéark, Burgess, & McKenzie, 192%jose studies have started the branch of

urban sociology that has been enriched by many authors, and nowadays represents one of the most
used lens through which the cities are studied (S23@Different aspects can be recognised as

the ones that distinguish metropolitan andmettopolitan areas, and they can be summarized as
follows

1 Demographicand statistical figures, such as number of inhabitants, residential
density, demographic dynamic, eympnt typology, commuting flows.

T Economic fact s, according to which the 0
advanced financial services, reptdasgnsport and communication hubs, and in
which are taken deiciss regarding economic matters.

1 Sociologidssuesthat focuses on the differences between urban anghbzon
societies.

National definitions

In some European nations, public authoritiegeldped classifications of territories
according to their degree of Ourbanity6o. Bi bby
valid today, adopted by Census Authorities of England.

%1 CI1 Arlrdl &uban classification

Local Authorities are cla© E AEEAA ET OE@ AAOACI OEAOG | O50AAT xEC
O050AAT xEOE -E1T1T 0 #11 O0OAAOGEIT16h O50AA xEQOE #EOU
200A1 8nh O, AOCATI U 200A1 8h O-AETT U 200A1 8 j5+ '1 OA

Figure 3. RuratUrban classification of Local Authorities inEngland. Source: UK Government
(2017).
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In Italy, manyareasl e mogr aphi cal 'y 0 we ak Gpopulatienthatn der go i |
finds one of its reasons in the lack a$ib services and accessibNitgny mediumna small
towns are losing theitementargervices, while population and activities tend to concentrate in the
metropolitan and wetbnnected areas (Calafati, 2009). The raising awareness of this problem,
already highlighted by some Italian geograplméng the last decades of thé 26ntury (Becchi
Collida, Cicciotti, & Mela, 1989; Cencini, Dematteis, & Menegatti, 1983), recently led the Italian
Government to arrange policies to contrast it, and to prevent the dereliction of small towns and
rural teritories.

A4EA ) OAT EAT AAEET EOCEITT 1T &£ OSEOCAAOAT OACAA
The Atlante Nazionale del Territorio Rural®e- National Atlas of Rural Territory - whose
latest edition has been issued by_the Italian Minister of Agculture in 2010, provides a
AAZEET EQEADAT GA QO$/E OMOAAOGE DBAOOI U AAOGAA
Nazionale, 2010).In the following picture, darker areas correspond to theterritories

with better accessibility. This map shows the great differences existing within the
Italian national territory.

Figure 4. Accessibility to education, health, culture, finance services. Source: Rete Rurale
Nazionale(2010).

More recently, the ltalian Department for the Cohesion policies of Presidency of the
Council of Ministers carried out a study that classifies municipal territories based on the
accessibilitpf basic services This study found that a relevant extent efNational territory
suffers a condition of mar ginality, summari zed
that are distant more than 40 minutes from urban centres with a complete equipment of basic
servicesThese services correspond tothezdre, schools and public transport (Dipartimento per
le politiche di Coesione della Presidenza del Consiglio dei Ministri, 2015).

9 Available athttp://www.reterurale.it/fex/cm/pages/ServeBLOB.php/L/IT/IDPagina/3567.
Retrieved on 26/06/2017.

10 Available alttp://www.agenziacoesione.gov.it/it/arint/index.htnRetrieved on 26/06/2017.
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Even though the study does not differentiate public and private transport, it can be said
that a relevant percentage afidtn national territory faces a condition of pooessibility, which
could be at least mitigated by policies of land use and transport integration aimed to provide a
higher level of accessibility and a better equipment of services.

The existence of dffr e nt st udi es, analyses and definit
areas?o, et c. , wi t n ees ferghe Itatiah governmdnte vance of t hese

4EA ) OAl EAT AAAAOGA 11 O)1TTAO AOAAOS

The analysis led by theDepartment highlighted that 306 % of Itaian Territory is
Al AGOEEZEAA M0 xEEJH AD @IOBAI DT bOl6ADEthE | £ 18U
T AGET T Al O1T OAI 8 /TA T &£ OEA EAU AOPAAOO 1T &£ OEA
that makes trips inconvenient in terms of travel length and ast.

O
m me

Legenda

Aree Inteme (Periferiche e Ultraperiferiche)

Figue58 - O1 EAEDA]I EOEAO Al AODE EE EShukch Dpadiimén® GeEle A1 5
politiche di Coesione della Presideza del Consiglio dei Ministri (D15).

>
o
>,
>:
O
O
o

A European definition 11

As brieflyillustratedn the previous paragrapseme European countries have elaborated
specific definitions of 6rur al areas?o, or O1i nn¢
View, |l i ke classificationds pur gneesienstg usatreet hods,
classification based on a wider geographic scale. Some international institutions developed all
inclusive methods able to classify territories
hasi ndi vi duat ed tdhoemi matnd d o/r iue shaamndd , @ Pl endt venmanneddni tal ty
across OECD countrieBrezzi, 201Brezzi, Dijkstra, & Rp, 201} . I n t he | ight of t
purposes, the definition produced by European Community has been adopted, partly based on the

11 All maps in this paragraph are based upon vector data freely available at
http://ec.europa.eu/eurostat/web/gisco/geodata/referedaéa/populatiordistibution
demography/degurbaRetrieved on 07/07/2017.
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OECD concepts, which classifies local administrative iumtt o
populated aredsc i t i es 0,

orur al areasd (Dijkstra & Poel

t hree

man ,

-

Degree of urbanisation

Cities :
Towns and suburbs *
O& Rural areas
(7% Nodata
&3

National borders

e

Figure 6. EU countries 8 Degree of urbanisation. Soure :  a u't hor 6s

coh Bulstat data.i o n
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61l nt oot mevehisa taen dd srudellr o sdr, e dT hi n
2014) .

based

The following images show the national detail of therefapred tolte Netherlatls and

Italy, the countrieshere are located the study castgsnfesearch
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Degree of urbanisation

o8 Cities

Towns and suburbs
®%€ Rural areas
Ci} Regional borders

0 250 500
I .

Figure 8. Italy - Degree of urbanisation. Soue : aut hor 6 s eohBEulbstatdata.i on based

The main advantage linked to the use of a supranational definition corresponds to the
possible comparison between study cases locate in different national contexts, in this case the
Netherlands and lItaly.

Terminology

Inthe branchoflands e and transport integration, the
describest at i ons and stops belonging to railway or
aread is the area that <can bBuesuallyeamore thahtehr om t he

minutesd by walking. Catchment areas are uslrallynas a circle with its centre on the station, or
on its main access, andadius between 400 anfQD metrg, although there is not unanimous
consensus on these values (Guerra 2052).

Figure9. Cal 1 h'o"r 'p(":at('”msﬂenm'éﬁSﬁ)‘m}ce:'ci-lﬁlthorpe (1993).
For this researbobhoadpur gde$ & risindedegbasedooh 6t r ans
the characteristics of transport modes considdredrder to do this, a rough distinctioan be
sketched e t we e publiatntaa m$ mibvayt téam, bus rapid transit, 8te.nd O6secondar y
publict r ans p o B bus, mmiobdse lleed cars, etdVloreover a broader definition of

12]n this research are only considered the most common terrestrial transport modes.
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public transport d&s to be adopted. With thgpressio® pu bl i ¢ transport®é in fa
range of transport modes, also encompassing alternative modes, shared transpert, demand
responsive transport (Ellis & McCollom, 2009; Jappinen, Toivonen, & Salonen, 2@t8i ho

2007).

For their characteristics, magnsporimodes usually represent the backbone of transport
infrastructure. Built on separated tracks, they usually provide connection to the regional/national
public transport network. They need a consiptessenger flow to be financially sustainable, due
to the high costs of realization and maintenance of dedicated infrastructures. Moreover, their
transport supply is often rigid, with fixed stops and timetables that are hardly adaptable to the
fluctuationsof transport demand. Thehain advantages correspondigh transport capacity,
low rates of polluting emissions, higher degree of safety (Rumar, 1999), low or null interferences
with congestion caused by road traffic, higher energetic efficiencgllyeépdabie casef rail
transport (UsoOet a) 2011).

Secondary public transport, like local buses, are cheapempiadbe oflesign and
realization, because they do not require separate tracks and use thef@sstingures. On the
other handthey have limited transport capadtitgy usuallyentailhigher environmental impsct
and are subject to road congestion, since they share their space with many other vehicles; they often
serve local commuting and connect to main transportdoalkgayhubs, airports, etc.

Halfway between these two categories there are modes that, even if use fixed tracks, do not
present very high capacity of transport, for example trolleybus, cable railways, cable cars, elevators,
etc.; water public transport modesbgrenany ways comparable to this category. At this stage, the
analysis relates with the first two categories, which do not aim to be exhaustive, but only useful in

the | ight of tshibe falevimgtabte suminarizep the ghavasteristicenat i n &
and 6secondary® public transport modes.
- Wal Ay LWzt Ad 4N WY{ §02yRI NB LIzt A
. Local bus
Railway Tram
Example list Tramtrain

Shared/pooled cars

Bus Rapid Transit (BRT) / Intercity bus Demandresponsive modes

Highcapacity
ngh efﬂmency Cheapness
Strengths Low environmental impact Flexibility
Speed / Not influenced by road congestio
High safety
Expensiveness of the design and realisati
phases Lowcapacity
Weaknesses Low flexibility Subject to road congestion
Fixed routes High environmental impact

Huge passengers flow needed

Routes served| Regional + connection with national networ]  Local, adduction to main transport nodes

Table 4. Proposed distincti on 60oSfe céoMadian yp ubulbilci ct rtarnasnpsoprotrd da n c
elaboration.
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Based on this distinction, some considerations follow about transportmetrapolitan
areas. The absence of huge demand undermines the financial wealth of transport companies,
leading them tgerve only the very essential routes in limited times ddiytheeg. in relation to
Ohome to schoold and O6home to workd commuting
not coordinate their services, acting in a competitive scenarothatiin cooperation This
results in doubling transport services, absence of integration, and a transport offer that can reach
only few areas and small rates of population (Mees, 2000; Weir & McCabe, 2008).

For these reasommyblic transporin rural areasften shows low usage rates, and transport
relies on car or individual motorized modes much more in these contexts than in metropolitan
areasDiscourses about mobility in Aeretropolitan areas cannot be focussed on a single or few
nodes, but should be sgt to a regional scale, comprising entire transport networks and different
modes, which serve systems of towns and villages. Within the transport network can be identified

usuallf ew main transport corridor s, ccotrrraenssppoonrdtidn ga
sever al secondary corridors served by O6secondar

Moreover, in those areas, many people dovnetlior wor k wigandefrom 6 wal k al

main transport nodes, whiahe often scarcely accessible by other transpogsnidus factor

suggests taking into account an O6extended <catc

usually considered in studies about land use and public transport integitaidollowing figure

is represented an example of area of apglt i on of 6extended catchme

mountainous territory, am public transport corridoodtenrun in valley flo& while towns and

hamlets are located far from stations and outside Euclidean catchment areas. Thus, they can be only
reackd by O6secondary transport corridorso, able
accessible by secondary corri.dors make up the

Figure 10 Example ofa possible area of applicationSoure : aut hor ds el aboration.

However the distinction between main and secondary transport nodes is useful, also, to
determine their ability to support urban development. Main transport catchawedt raile
stations, tram and BRSIopsd seem the most suitatfor urban development, while secondary
corridors have to be evaluated on the basis of their ability to serve existing settlements, and to put
them in contact with other destinations and with the main nodes. In fact, some scholars underline
how transporitnodes with fixed tracks are more attractive for real estate investments, due to their
stability ensuring the existence of a g transport service (Dittmar & Ohland, 2004).

41

1
(



Land use and transport integration in small cities

Disused transport infrastructures

Italy, as many western countriesexperienceda decrease of ridership along secondary
railways during the second half of the past centuryleading rail transport agencies to
hasty closures of many of them. Today, according to the Italian Database of disused
railways, more than 6500 km of abandoned tracks spread out along the national
territory, of which about 3,800 km were part of the State Rail network (Database dell
ferrovie non piu utilizzate, 2016).Many of these railways pass through rural areas.

1%

The United Kingdom also experienced aelevant loss of minor railways, accelerated
than 6,500 km of rallways closed, despite the protests of local communities, and rail
services substituted with bus lines, whichproved to have lower attractiveness, leaving
large parts of British territory substantially without public transport (Wolmar, 2005).

The closure of huge extents of public transport infrastructures is, in great part, due to
the changes occurred in econonai and transport patterns among western countries,
with the rise of car and lorry transport and the subsequent decrease of public
transport business which made economically unprofitable their management (Tomes,
2008). Those services and infrastructures wes often located within suburban or rural

areas therefore, their closure worsened public transport accessibility inthose zones

Today the awareness of environmentaland social impacts of transporthighlights the

advantages of good public transport accedsility , also in low-densely populated areas,
despite the financial burden that it entails, as proved by some successful reopening |of
disused railways.

In the United Kingdom, appears relevant the recent case of the Edinburgh
Tweedbank railway, closed in g w AZEOAO EAOGEIT ¢ AAAT ENAI
OAPT 006h AT A OAT PATAA ET 3APOAI AAO ¢mp
(Dalton, 2015). In the same way, Iftaly some of local railways havebeen reopened in
the last years. Among them, the most knomw case is probably the Merang Malles

railway, located in Sud Tirol. Closed in 1989, the Province of Bolzanoquired it in the

1990s and, after a deep refurbishmentthe railway reopened in 2005. The figures
show that the rail service passengers are morthan double of bus service passenger
that previously covered the same route (Gandini, 2014).

U

These experiences show that an efficient public transport systemalso rail-basedz is
not a prerogative of metropolitan, densely populated areas only, but cabe also
implemented in small towns and rural areas.
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Theoretical framework

Since the first statement of TOD (Calthorpe, 1993) theptack model as a tool to
classify transport nodes (Bertolini, 1999) and the station typologies proposed by Ditictza & P
(2004), a great number of studies enriched the original findings, considering new indicators to

Land use and transport integration in small cities

define transport nodes typologies, or using the ctdasifito address specific goals, etc.

Discourses and applicasmf land use and public trangpimtegration usually focus on
metropolitan areas, characterised by highrprigh intensity of land us@n the other hand,
some studies aim to classifymeroustransport nodeshroughout entireegions or countries

(Austin et al., 2010; Reusser,kopoulos, Stauffacher, & Scholz, 2008), in so including nodes

located both in urban and in rural contexts. However, they only consider the station area precinct,
without paing attention to the context. Other studies adapt TOD tyigsltmgspecific goals, as

boosting the development of watl transport (Rodriguez & Vergel, 2013; Stojanovski, 2013);
some authors aim to implement TOD in-temsely populated areas (Curtis, 2008; Larose, 2010).

Anyway, a specific evaluation of transpotiea shaped on nonetropolitan contexts seems to

lack.

Belzer and Autler (2002) draft the advantages of creating TOD projects typologies, to fit
development projects into different contexts, from large cities to small towns. As recently
highlighted byKamruzzaman et al. (2014), transport nodes typologies are a branch that is little

explored and, at the same time, sdenbe one of the most promising ways to overcome the
barriers that impede the realisation of land aseudrlic transport integration

As already explainetletaim of this research is to explore the topic of accessibility in non

metropolitan areas,

usii

ng the assessment
build a methodology relevant for anetropolitan areas. Maver, the goal is also to provide an
effective tool to stakeholders and public decision makers, sketching an integratedplaliit use

transport framework for regional and municipal land use plans.

Search methodology

of

Before sketching the main theaadtiapproaches, this paragraph reports the method used

to search among the academic literature and the main sources on which the search Asbased on.
first step, the contributions of Kamruzzaman et al. (2014) and Lyu, Bertolini & Pfefferej2016)

consdered as basis.

metropolitan Phoenix, Arizona, 2QZ007

Title Author(s) Year
Comparing trans«mentgd Qevelopment sites by walkability Schlossberg & Brown 2004
indicators
Classifying railway stations for sustainable transi¢leedsincing node Reusser, Loukopoulos,
. 2008
and place functions Stauffacher, & Scholz
PerformanceBased TransiDriented Development Typology Austin, Belzer, Benedict, Eslin 2010
Guidebook Haas, Miknaitis, & Zimbabwe|
The geography of advance trarsitented development in AtkinsorPalombo & Kuby 2011
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Portland Metro TOD Program and TOD Strategic Plan case st| Center for TransiOriented 2011
Development

An application of the node place model to explore the spatial

development dynamics of station areas in Tokyo Chorts & Bertolini 2011

Classifying railway stations for strategic transport and land ug ~ Zemp, Stauffacher, Lang, &

planning: context matters! Scholz 2011

Evaluation of railway surrounding areas: the case of Ostrava ¢ Ivan, Boruta, & Horak 2011

TransitOriented Development Typology for Allegheny County Centerbfg\rlg'lgznn?gtlented 2013

Advance transit oriented development typology: Case study i Kamruzzaman, Baker, 2014
Brisbane, Australia Washington, & Turrel
The evaluation an thepatl_al |r_1tegrat|on of statlo_n areas via the no Monajem & Nosratian 2015
place model; an application to subway station areas in Tehra
TOD, integration of land use and transport, and pedestrian Vale 2015
F O0OSaaAroAtAGeyY wx6 SJI fshzh G §
Developing a TOD typology for Beijing metro station areas Lyu, Bertolini & Pfeffer 2016
Table5. | nitial group of sources. Source: authord

The cited publicatiorgrovided a consistent number of referendasua transport nodes
typologies. In tablé are listed theourcesreported by themwith title, authors and year of
publication.In addition,three more source®t contained in theited articlesvereconsidered
listed in table 6

Title Author(s) Year

Spatial Development Pa_tterns and_Publlc Transport: The Applic Bertolini 1999
of an analytical model in the Netherlands

Defining transioriented development: the new regional building Dittmar & Poticha 2004

block

Gaining insight in the development potential of station areas:

decade of nodelace modelling in The Netherlands Peek, Bertolini & De Jonge | 2006

An accessibility planning tool for Network Transit Oriented

Development: SNAP Papa, Moccia, Angiello, Ingteg 2013

Breaking barriers to transitriented development: insights from th¢ Duffuhes, Mayer, Nefs & Van
serious game SPRINTCITY der Vliet

Table6. Addi ti onal references, | i st eldboratpn. y ear of public

2014

As a second step, a deeper search has been done. The main web search engines were used
to seek the keywordsT OD t yapd®ITddy & y .prbel seagch regardled the entire text
and not only on the title.

The web search engines used &ed ks follows.
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Google schol&

Catalogue plus (UVA)

Scopu¥.

1 Web of Science / Web of knowletge

= =4 =

From a quantitative point of view, Google scholar gave the greatest reqpdtieasin
the following table.

Web Search Engines
Exact keywords*
Googlescholar** Catalogue plus Scopus Web of Science
We¢hs GeL 53 10 3 3
Wehs GeLd 38 10 3 2

* search made on the entire text and not only in the title
** the search results did not include citations and patents

Table7.Quanti tative results of the search pbbotSourchd. keywor ds
authordos el aboration.

The results found with Catalogue plus, Scopus and Web of Science were already contained
in the list obtained with Google scholar. Tthend sources are mostly academic articles, with a
little number of books, book chapters, dissertations and reports. The results were selected in order
to exclude the already known and the not relevant sources. Finally, an additional set of articles has
bea considered (tab8.

Source Why is it relevant?
Zhang & Yi, 2006 Reference to Austin TOD typology
Larose, 2010 Implementation of TOD in small towns

hQYSTSST Hunm| Review of cities TOD typologies; reference to Denver TOD typc

DwarkaKoorisNelson &wining, 2012 Reference to Winnipeg TOD typology
AtkinsonPalombo & Marshall, 2013 Reference to Denver TOD typology
City of Denver2014 Implementation of TOD typology
Higgins, 2015 Reference to Denver TOD typology
Dorsey, 2016 Reference tdenver TOD typology
Higgins, 2016 TOD typology review; quantitative method to build TOD typolog
Higgins & Kanaroglou, 2016 TOD typology review; quantitative method to build TOD typolog
Table 8. Additional sources congleredafter the keywords search Sour ce: authords el abora

13 https://scholar.google.it/

14 http://lib.uva.nl/primo_library/libweb/action/search.do?vid=UVA

15 https://www.scopus.com/home.uri

16
https://apps.webofknowledge.com/UA_GeneralSearch_input.do?product=UA&SID=W2uJGs71zFZfAPfk
aud&search_mode=GeneralSearch
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Many sources refer to the typology developed by the City of Denver (2014) as best practice
and exemplification of the several TOD typologies used by American and Canadian cities. The
attention put o transport node typology, and land use and public transport integration in
general by North American institutions, is also proved by the existence ofptfeditniostitution
Reconnecting America, t hat pr ov R0d@).sFor ghes® Ty pol o
reasons, it seemed correct to consider these sources as cases of implementation of 13D typologi
beyond academic researches.

A first list, madeip of 20 sources, has been obtained (8bthis list is composed by the
contributionsjust found (18) and the two articles of Kamruzzaman et al. (2014) and Lyu et al.
(2016)These sources have been analysed from the point of view of keywords, in order to find out
the most recurrent and significant ones and use them to repeat the seassildandind new
sources. In the case of articles or documentdahaithave keywords, some of them have been
assigned in relation to the content.

Sources Keywords

Decentralization / TOD / Nogdace model / Accessibility

Bertolini, 1999 Deconcentating clustering

TOD typology / Performandmsed TOD definition /

Dittmar & Poticha, 2004 .
Community

Walkability / Urban form /

Schlossberg & Brown, 2004 Pedestrian catchment area

Urban development / Stakeholders /

Peek, Bertolini, & De Jonge, 2006 Station areas / Real estate value / Accessibility

Accessibility / Mobility / Railway stations /

Reusser, Loukopoulos, Stauffacher, & Scholz, 2 Sustainable development

Performancebased typology / Auto ownership /

Austin, etal., 2010 Travel behaviourUrban density

TOD / Overlay zoning patterns / Lighi transit /

AtkinsonPalombo & Kuby, 2011 Urban investment patterns / Uneven development

Center for TransiOriented Development, 2011 Urban investment guide/ Urban development

Chorus & Bertolin011 Transport / Land use / Nog#ace model / Tokyo

Railway station / Comparability / Classification /

Zemp, Stauffacher, Lang, & Scholz, 2011 Functional requirements / Context / Environment

Ivan, Boruta, & Horak, 2011 Railway station / Place indeXode index / Ostrava City
Papa, Moccia, Angiello, & Inglese, 2013 TOD / Accessibility planning / Network analysis
Center for TransiOriented Development, 2013 Investments guide / Urban development
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City of Denver, 2014 Urban development / Strategic plan

TOD / Serious gaming / Policy learning / Multiactor

Duffhues, Mayer, Nefs, & Van der Vliet, 2014 .
modelling

TOD / TOD typology / Advanced TOD planning /

Kamruzzaman, Baker, Washington, & Turrell, 2( Mode choice behaviour/ Public tr. accessibility IeBzlsbane

Monajem & Nosratian, 2015 Station area / Node place model / Spatial integration

Transitoriented development / Nodplace model /

Vale, 2015 Walkability / Pedestrian connectivity / Lisbon

TOD / TOD typology / Trastation and land use plannin|

Higgins & Kanaroglou, 2016 / Latent class analysis / Mod®sed clustering

TOD Typology / Metro station areas / Ngdace model /
Beijing
Table 9. First group of sources, listedbyyeargfu bl i cati on, with related keywords
elaboration.

Lyu, Bertolini, & Pfeffer, 2016

On the basis of this analysis, a list of the most recurrent keysasddawn up. In table
10are reported only the keywords, or the group of them, found at least two times.

Keywords Frequency

Accessibility / Accessibility Mobility / Accessibility planning
Nodeplace model
Railway station /Railway station

Station area / Station areas

TOD / Transit Oriented Development
TOD typology

Urban development

Walkability 2
Tableld Found keywords or group of them and frequency.

Alw|O|N|W( O D

The found keywords are quite general, and appear not useful for a new search, since they
would give too numerousodespl &¢hat hah bedreusedl fory e x c e |
a new search through the main web search engines, i.e. Google Scholar, Catalogue Plus, Scopus and
Web of Science, following the already explained methodology.

Web Search Engines
Exact keywords* .
Google scholar** Catalogue plus Scopus Web of Science
Yy 2RS LI | 124 28 21 5

* search made on the entire text and not only in the title
** the search results did not include citations and patents

Table 11 Quantitative results ofthes e ar ch about t-peakeymoddl| 6No&eurce: author

17In the search through the web search engindsythei ng 6 node pl ace model 6 h
Onepdeace model 6, used by some authors. Anyway, t he
both cases.
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As reportedby tablel1l, the searcvi t h 6 node pl ace 1Bforesets 6 as Kk
from Scholar, 28 from Catalogue, 21 from Scopus and 5 from Web of Bomme.these
artickes, the ones that discuss nodes classification and TOD typoéwgieslected, detailed in
table 2.

Title Author(s) Year
Identifying Areas for Transiriented Development in Vancouver| Ngo 2012
The perfor_manlce and p(_)ter?tlal of rail stations in antkide freeway Babb et al. 2015
medians: the application of a node/place model to Perth
Shanghai Honggiao ail hub Chen & Lin 2015
Classﬁylngallway passenger statllons fpr use transport planning Stoilova& Nikolova 2016
Application to Bulgarian railway network
Tablel2 Results of the second keywords search, l'isted by vy

List of sources
Figure 1 summarises and clarifies the methodaiseg in the literature review.

Literature review made by:
Kamruzzaman et al. (2014)
Lyu et al. (2016)

13 sources 5 additional sources

18 sources + 2 (Kamruzzaman et al.; 2014, Lyu et al., 2016) J

Keyword search: ‘node place model’
4 additional sources

<3I<3

Final list: 24 sources

Figurell Search methodol ogy. Source: authords el a

The following table lists the articles and documents found that relate with transport node
typologies. They amount to 24 sources, covering a period of almost twerftpyea@99 to
nowadays, reporting about implementations in North American, European, Australian, Chinese and
Japanese cities.
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n. Title Author(s) Year
Spatial Development Patterns and Public Transport: The -
L Application of an analytical model in tNetherlands Bertolini 1999
2 Defining transmrlenteq d_evelopment: the new regional Dittmar & Poticha 2004
building block
3 Comparing transmrlent(_ed (_jevelopment sites by walkability| Schlossberg & Brown 2004
indicators
Gaining insight in théevelopment potential of station areas: .
4 decade of nodelace modelling in The Netherlands Peek, Bertolini & De Jonge| 2006
Classifying railway stations for sustainable transitisalsancing Reusser, Loukopoulos,
5 . 2008
node and place functions Stauffacher, &cholz
6 PerformanceBased TransiDriented Development Typology| Austin, Belzer, Benedict, Eslin 2010
Guidebook Haas, Miknaitis, & Zimbabwe
The geography of advance transitented development in .
7 metropolitan Phoenix, Arizona, 2QZD07 Atkinsa-Palombo & Kuby 2011
8 | Portland Metro TOD Program and TOD Strategic Plan case Center for TransiOriented 2011
Development
9 An application of the node_place mo_del to exp_lore the spat Chorus &Bertolini 2011
development dynamics of station areas in Tokyo
Classifying railway stations for strategic transport and land| Zemp, Stauffacher, Lang, &
10 o 2011
planning: context matters! Scholz
11 | Evaluation of railway surrounding areas: the case of Ostrav Ivan, Boruta, & Horak 2011
12 Idertifying Areas for Trans@riented Development in Ngo 2012
Vancouver
An accessibility planning tool for Network Transit Oriente . .
13 Development: SNAP Papa, Moccia, Angiello, Ingley 2013
o Center for TransiOriented
14 | TransitOriented Development Typology for Allegheny Cour Development 2013
15 Transit Oriented Denver: T_ranS|t Oriented Development City of Denver 2014
Strategic Plan
16 Breaking barriers to transitriented development: insights fror] Duffuhes, Mayer, Nef& Van 2014
the serious game SPRINTCITY der Vliet
17 Advance transit oriented development typology: Case stud Kamruzzaman, Baker, 2014
Brisbane, Australia Washington, & Turrel
18 The performa_nce gnd poter_ltlal_ of rail stations in and outsig Babb et al. 2015
freeway medians: the application ohade/place model to
19 Shanghai Honggiao aail hub Chen & Lin 2015
20 The evaluation of the spatlaI. |ntt_egrat|0n of station areas via Monajem & Nosratian 2015
node place model; an application to subway station areas
TOD, integration of land use and transport, and pedestria
211 1 00Saaro0AtAlRY X6 SOIf dzt i Vale 2015
29 A latent class me_thod for class_lfylng and evaluating Fhe Higgins & Kanaroglou 2016
performance of station area transitienteddevelopment in
23 Developing a TOD typology for Beijing metro station areg Lyu, Bertolini & Pfeffer 2016
24 Classifying rallway passenger st_atlons_, for use transport plan Stoilova & Nikolova 2016
- Application to Bulgarian railwagtwork
Tablel3 Fi nal l'ist of sources, |isted by year
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Peer . N. of N. of N. of Positive/
n. | rev. | Name and /or geographic conte) Gegg;ﬁeph'c nodes | indicators | typologies| normative
Y/N analysed used found P/N8
Y Amsterdang Utrecht, NL Metropolitan 31 15 7
N - - - 7 6 N
Y Portland, OR, USA Metropolitan 11 12 - P
Delta Metropolis Regional 96 - - N
NOVEM?® National - - - P
Buck Consultantsiternational - - - - P
4 Y GoudappéP National 92 - - N
NS National - Mo WOI 9 N
Hourglass model/Zutphen, The Hag Local 2 - - N
Concern synergy model/Amsterdan,  Regional - - - N
5 Y Switzerland National 1684 21 2t05 P
6 N USA National app. 3760 20 15 P
7 Y Phoenix, AZ, USA Metropolitan 27 12 5 P
8 N Portland, OR, USA Metropolitan app. 35 9 N
9 Y Tokyo, Japan Metropolitan 99 Mn WOl 7 P
10 Y Switzerland National app. 1700 10 7 P
11 Y Ostrava, Czech Republic Metropolitan 11 11 - P
12 Y Vancouver, Canada Metropolitan 20 ¢ WON] - P
13 Y Naples, Italy Metropolitan 212 - 7 P
14 N Pittsburgh, USA Metropolitan app. 75 9 5 N
15 N Denver, CO, USA Metropolitan 21 p Q3 NJ 5 N
16 Y The Netherlands Various - 6 Yamilie 12 N
17 Y Brisbane, Australia Metropolitan note?? 6 4 P
18 N Perth, Australia Metropolitan 13 43 P
19 Y Shanghai, China Metropolitan 1 17 - P
20 Y Tehran, Iran Metropolitan 79 10 7 P
21 Y Lisbon, Portugal Metropolitan 83 13 7 P
22 Y Toronto, Canada Metropolitan 372 12 10 P
23 Y Beijing, China Metropolitan 268 18 6 P
24 Y Bulgaria National 98 18 6 P
Table 14 List of sources, analysisSo ur c e : aut horos el

aborati

on.

In table 14thefound sourcesareanalysed according to the parameters of the geographic
context and scale of implementation, number of nodes analysed, number of indicators used,

number

of

18 Higgins &Kanarogloy2016).
19NOVEM, anagency of the Dutch Ministry of Economic Affairs

20 Consultancy firm Goudappel Coffeng asked by the Dutch Ministry of Transplct\WRrks

and Water Management.
21 Nederlandse SpoorwedButch Railways
22 Classification referred to Census Tracts,miptto station areas

typol ogi es
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Land use and transport integration in small cities

In conclusion, He classification of transport nodes is based on the node place model
defined by Bertolini (1992003, whichlooks to stations as transpoddesand places of social
interaction. Bertolini suggests considering indicators referred to accessitiil#tiy, bus, tram,
underground, car, bicyeland intensity of use, i.e. the density and mix degree of residents, jobs,
activities and facilities witbtmanenbtdreeodtiva!l kabl e
station.

This methodology has been ered;htaking into account several indicators, of which an
exhaustive overview is made by Lyu et al. (2016). According to Higgins & Kanaroglou (2016), the
existing node typologies can be grouped in tw
0 n o r miOD itypokodies. It can be said that these two families respectively aim to measure the
actual performance of station areas and to sketch a future development framework of the network
of station areaPBositive typologies classify huge sets of statiomsafsingle metropolitan area to
national rail networks, involving hundreds or thousands of nodes. The classifications belonging to
this group aim to scale and fit land use and transport integration into specific contexts. Calthorpe
himself (1993) identiie t wo di ffer ent scales of i mpl ement a
differentiated on the basis of the distance from transport node. Dittmar & Poticha (2004) further
developed the classification, reaching six different typologies based on hypdiheticaitaxts:
urban downtown, urban neighbourhood, suburban centre, suburban neighbourhood,
neighbourhood transit zone, and commuter town centre. Several cities have carried out a
classification of their own public transport nodes, assessing the axiglitimns, as a necessary
step before arranging TOD plans and polidibs classification allows sketch development
policies fitted into the context, as in the case of the City of Denver (2014), that individuated five
typologies among the stationk@thalong the city's LRT and CRT lines: downtown, urban centre,
general urban, urban, suburban.

Normative TOD typologies, recognizing théato-sizefits-a | | & cafin@ De use@im
to adopt a more complex method, firstly directed to consider tha @omibich transport nodes
are located. Secondly, normative typologies aim to shape policies ansleasiitegtsolutions
able to turn integration design into reality. However, a preliminary positive evaluation of existing
conditions seems necesstgreforeit can be said that also normative typologies are based upon
positive assessment. Normative typologies are referred to urban contexts, while the academic
literature abouypologies of transport nodess paid little attention to nametropolitan eas.

In order to define the most relevant scholars, the group of sources contained4n table 1
hasbeenranal ysed in the | ight of this researchos ¢

Re-analysis of the literature

The objectiveof this resealcis to build an assessm#stl of transport nodes able to
explicitly take into account the quality of access and egress transport to nodes, thus considering
sever al feeder transport modes beyond o6wal k tr
these modes should be accounted when assessing

23 As defined bgefined by Higgins & Kanaroglou (2016
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The task is to classify station areas considering factors related not only to walkable area, but

also to O0extended st
methodology needs amswer to questions like:

1 How many people/jobs/facilities digcated n

ati on r@nsmod mdied.o dogHisj timee d

the 6extended?o

1 How areconnections between them and the transport node?

The classification of nodes could highbglaick of public transport accessibility and/or an
inefficient transport pattern. If this happens, the methodology will suggest poticctions able
to fill thisgap, such as service improvement along some routes, identification of places suitable fo

urban development, etc.

by

t

stati

In the branch of transport nodes evaluation, station areas are classified on the basis of the
quality of transport service and the density/mix of use of urban areastciospoot nodes. The
nodeplace modehs defined by Betini (1999)uses in order to quantify node and place indexes,
a defined set of indicatadated to specific featuresmmarized in the following table.

Node/place indexes

Indicators related to:

Rail transport

Other public transport

Node index
Car transport
Bike transport
Number of residents
Place index Number of workers

Functional mix

Table 15 I ndicators and

their

relationship with

topi cs.

Sour

As alreadyutlined nonmetropolitan areas show, if compared to metropolitan areas, a

more dispersed urban pattern, which entails longer distances between stations and houses, jobs,

facilities.Urban cores arsometimedocated far frontransport nodesso that theyequire an

additional travel to cover thedecoredistance.

This issue is partially comppalt e t o t he

p r o btha had been long studied from the logistic point of view (SwrgetC McLeod, &

Guan, 2009However, in this caghe quesbn seems to be more complex, as the distance to be

covered is widely variable, requiring difféaransport modes, and passenggpsess much more
demands than goods. For these reasons, it sms@mosablan adjustment of the model elaborated

by Bertahi, as reported kablel6.

Node/place indexes

Indicators related to:

Node index Quality of rail transport / main transport
Number of residents
Place index Number of workers

Functional mix

Feeder transport index

Quidity of walk / bike environmeritpublic feeder transport / car

accessibility

Table 16 Possible adjustment of the set of indicators used by Bertolini (1999) for his node place model. Source:

aut ho

ros el aboration.
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After having defined the geographical confext® mp| ement at i on,

a possible set of indicators, the mentioned sources have-bpralysed in the light tiiese

new

considerationgtable T). In the following table are highlighted the goals of each typology, the
methodological aspis of interest, the geographic amealvedby t he st udy,
in comparison to the abovementioned tasks, and the indicators that can be of some interest.

Potentially interesting / useftgatures

Name T |
n. | and/or geo. Classification goal Methodological ~ |8 ¥ .
F |8BE Y Indicators
context aspects -~ |= 3%
(@)
1 Amsterdan I A3AKE AIKG WwWaltly(Q c M
Utrecht, NL nodes.
2 - Adapt TOD to context. CT H
Use ofpedestrian catchment
3 Portlinsd, OR, Evaluate pedestrian friendliness. area to obtain a reshape of C M
station areas.
Select the most promising locations fol
Delta i urban development aimed at exploiting CT L
Metropolis up-and-coming investments in
Provide recommendations farnational 5 p i . . .
NOVEM policy on transportation nodes, with a 9ot t da “ Azy 2 CTR L interaction value rail
! o value of station areas. urban core
focus on sustainable mobility impacts.
Buck Predict effects on real estate values Identification of an optimal
Consultants . . - L
Int (offices). line between place and node|
: Six spatial scales are
4 Goudappel Support development strategies. distinguished. CTR M
Evaluation of micro and macr:
NS Support to strategy making. accessibility. CTR M
Distinctionbetween urban and
Hourglass Comparison between station areas | Distinction of micro and macrq cT M
model CFEOAtfAGLIHGARZY 27F &f station areas.
Concern
synergy Develop a regional placement strategy) CTR L
model
. Evaluate the potential of urban Addition of new indicators to Indicators about the
5 Switzerland nodeplace. CTR L
development. . context.
Cluster analysis.
6 us Assess performance / Evaluate potenti| Performancebased typology CTR L
of development. (estimates effects on VMT).
7 Phoenix, AZ, Evaluate the potential of urban 148 2F WNBI{Q cT L
us development.
Portland, OR, Evaluate the potential of urban
8 CT L
us development.
Understand which transpoénd land use ’ ” ” i
9 | Tokyo, Japan| factors are responsible for structuring Account of number of feeder| - M n. of feeder bus lines
station area bus lines per station. per station

24|mplementation context=cities; T=towns; R=rural
25 =low; M=mediumH=high
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Evaluate the potential of urban Identification of context
10 Switzerland p factors and indicators (by CTR H
development. . .
interviews).
Ostrava, . closeness of rail to
11 Czech Evaluate the potential of urban Account of closeness to othe cT M other transport
) development. transport modes.
Republic modes
Vancouver, . Differentiated station area
12 Canada Evaluate the TOD potential. radius 400 / 600 / 800 m. C L
13 Naples, Italy Evaluate the potential of urban cT L
development.
Pittsburgh, Define priority areas for investments
14 CT L
us (focussed on place).
Denver, CO, | Define the possible urban developmen|
15 c L
us (focussed on place).
16 NL, different Evaluate the potential of urban CTR L
places development.
17 | Brisbane g gt g 65 LIS2LX SQa cT | L
Australia
Perth Evaluate the potential of urban
18 . development, focus on stations locate( CT L
Australia } f
in freeway medians.
Shanghai Implementation of the nodelace Station area: Threeone modelling.
19 hi ! del Accessibility analysis on bus C M
China model. transport network.
. Evaluate the impact of street
20 Tehran, Iran Evaluate the qqallty of street configuration on transportation and C L
connections. land usedynamics.
21 Lisbon, Evaluate pedestrian friendliness. 148 2F WLISRE CT L
Portugal
Toronto, Build an empirical tool for policy Focus on a modddased latent
22 X o I CT L
Canada evaluation and prescription. class method classification.
Context based typology able to help
23 | Beijing, China| planners and policy makers, in Beijing TODindicators list. C L TOD indicators list.
metropolitan area.
. potential of the town
24 Bulgaria Evaluate the potential of urban and TOD indicators list CTR M where the station is
transport development.
located
Table 17 Re-analysisofthel i t er at ure on the basis of this researchds o
The O6Methodol ogi cal aspectsd field contains
that can be used for this r ese aressésdhe capgoryposes .
that better describes theographic ont e x t , according to the alrea
ur bani sationd6 (Dijkstra & Poelman, 2014). The |
typol ogyds goal naerwe tcyopnoplaorgaybdlse ttaos kt. heThe fi el d
indicators used by the analysed typology can be
The resul ts o{fanalysiB ean bei briedly summarised as follows: some

typologies pay attentionttee shape of station areas, and define methodstape them, usually
based ompedestrian accessibility, in order to consider the areas really located within walking

di

stance

f r Ngo (281R2)aepdriotinedise, neadeiby the City of Vancoleecular

areas with different radiuses of 400, 600 and 800 meters around stations. Anyway, these
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differentiated station areas are focussed on pedestridikesactessibility to stations, since the
typology is referred to an urban context.

Another ndable feature is related to geographitext, mostly cities and suburban areas.
In addition the ones focussed on towns and rural areas always deal wéimlaracilhg regional
scale, in so including cities and core areas. Although the match \hiteticategories is based
roughlyon the EU classificatiorfDijkstra & Poelman, 2014) and not founded upon an exact
assessment, it gives an idea of the prevailing geographic context of the cited §polegies.
authors use indicators about feeder transportt e s ; s ome anal yse the 0rele
reachable with feeder modes. lat,féeeder modes can conngansport node with towns,
villages, touristic places, or specialised areas like industrial sites, healthcare centres, university
campuss, etc. Each of these destinations has different transport demands, for example, bigger
towns and specialised areas can be connected to transport naiesquigint buservicewhile
small villages and touristic places can rely on alternative amtsarsisive transport modes.

In conclusion, no one of the analysed sources is explicitly refeimetrided station
area or consi der s destinations beyond 6wal kabl e
systematically evaluates the quality ofeatifféeeder transport modes. Therefore, a methodology
able to reach all these goals would fill this gap in the academic literature and, not secondarily, would
provide a tool for planners and public decisiakers.
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Chapter 3
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The role of transport integration

The connection betweetnansport nodge anddestinations reachable with feeder modes
receives, at the actual state of theite attention.The new typology has to foaurs this aspect
in order to produce an evolution of knowledge in thisch In sutain of this visionpme authors
underline the relevance of accessibility to public transport as an element able to increase overall
accessibility by public transpdéteifer & Rietveld2000;Murray, 2003; Redman, Friman, Garling,
& Hartig, 213).

As extensively and passionagigtainedoy Paul Mees in his book
Subur bi a6 -qualiy(Qadblc)transpbri spduld not be considered a privilege of densely
populated areas. He refers to some successful cases of integratonréiéiag transport and
feeder moded especially in the Zurich Canton, Switze@aasliconic examples.

Public transport authorities and municipal governing boésts cite dw population
densityas the key factgrreventinghe implementation of public transport sesvikees cites
some cased Zurich, Toronto, etcd as concrete examples that invalidate this assumption. The
cited cases show that, leveraging on transport integration, is possible to prayidéthighbt
transport services despite medium or low population density.

The urban density of Zurich City is 67 per hectare, but the average for the middle and outer

suburbs is 32 per hectare, 12 much lower than the equivalent parts of London, similar to or

lowethn in other English cities, and only about 20 per cent higher than the figures for the

equivalent parts of Toronto and Los Angel e
City of the Angels is closer to Zurich than it is to Boston anPortland, Oreg

Mees highlights that the O0compact cityd mod
private car to 6sustainable transportd. He not |
to increase density within areas surrounding the statiodsficult to achieve. He summarizes
these statements as 6good news?o:

The good news is that we dondt need i mpos
alternatives to the car. The relative attractiveness of competing urban transport modes seems to
influence mode choice much more than differences in density, and the notion that 400 or even
30 residents per hectare is a minimum density below which public transport cannot be
provided is completely unsupported by evidence.

The successful cases repoligdMees show that, within congewiith low population
density and with low development expectations, the integration between modes becomes the key
element that encourages people to choose more sustainable ways of transport instead of individual
motorisedtransport Integration can be achieved through many ways, like coordination of time
schedules, regulaterval and mnemonicntetables, fare integration, easansfers.The
coordination of transport servicisfact, provides the flexibility neededdmpete with private
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car, as experienced in the Zu@eimton, whiclmplemented a strong transport integration starting

from the 1970s:

A group of young SBB engineers [é] argued t

car was not high top $pedlas freedom to travel when, where and as often as desired.
[ ée] Al'l rail | i neistervalcanvices atlihe same feequendye d  wi t h

with schedules arranged so that different routes converged on key interchange stations at the
samertie . Passengers could then transfer i n an
travel all day long.

Zurich authoritiesmprovedthis system oveime. In 1990the ZiurcheWerkehrsverbund

(ZvV), a new monopolistic public transporganisation, commeed its operations, providing
high-quality public transport throughout the entire Cankioking main towns- Zurich,

Winterthur 6 to suburbs and rural areas.

An illustration of the system in operation can be had by travelling to Hinwil, a town of
aroun8000 residents in the Zurich Oberland, the mountainous region in the far east of the
canton-Bahn line 14 leaves Hinwil station at 8 and 38 minutes past the hour, from 5:38
am to 11:38 pm every day of the year; longer trains run at bus titoes fhiee minu
|l ine, each train arrives at the regional |

A minute later, the S5 express service from Rapperswil pulls in on the opposite side of the

platform. After passengers are exchangeatkphesi@réssich, followed by the

stoppiraltstations S14. A minute later, a third service departs: the S3, which uses the
platform vacated by the express but follows a different route toegioied, via the sub

centre of Pfaffikon. On theedglpositplatform, the same procedure occurs in reverse,
allowing transfers in all directions. In the station forecourt, half a dozen bus routes perform a

similar manoeuvre. Some of these service the town of Wetzikon, while others fan out across
the coupside to neighbouring rail corridors. Connections are possible between all three train
lines and all six bus routes, in all directions. Once the last bus has left, Wetzikon station is

quiet until the cycle begins again.

The application of ZVV led to a dgaincrease of ridershipitvessing an undeniable
success.

Daily patronage on the Z#ain®as risen from 159,000 in 1989, the year before the
ZVV began, to 356,000 in 2Dai increase of 124 per cent.

Methodology
Since this researchfersto nonmetropolitan areas, by many ways similar to the ones

described by Mees, it is cruci al to i dentify

aread.
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The attention has to be pointed on: (1) feeder transport, since in these contexts residences,
jobs and facilities are often | ocated outside
based on walking distanboreover,(2) street network is not homogeneous as in dense urban
areas, for this reason station area design has to belmmsed he 6 net wor k di st an:¢
OEuclidedm oirgiteandce®d.defi ne t he Ibelemendstsiouldf 0ext

be considered.

1. It is necessary to define how much time people are willing to spend to reach a main
transport nod@ usually a railway stati@mather than define a distance, since travel time
seems to have a greater value than travel distance (Vale, 2013). Tleisetibgectidata
about travel ti me and t Kegsrhan,mDijse & &remze,e ct i vi t
2004)

2. Adopt the principle of ©6énetwork distanced i
TOD studiesGutiérrez & Garci®alomares, 2008)

The first point, recognizing the importance of feeder transport, marks a difference between

this research and the 6classicdé TOD studies, r
up a travel, from its origin tbe destination. With the expression 6 mul t i mod a | chainbd
2000) , O6mul t i mod aBokstpeiBleks 8002) er6 mut anmpdat d public

(Krygsmaret al., 2004) are often identified travels made up of multiglg@osubummarized by

the sequena&ccess trig mainmode tripd egresstrip Seen from the O6transpo
view, it can be said that, usually, land use and public transport integration studies are based upon
the sequenc@valkng 6 public transpord wald n, glere walking is considered ahéy access

and egress mode to main transport. Main transport corresponds toefiraiand, less frequently,

tram andbus rapid transit. These modes own the characteristics of main modes: high transport
capacity and energy efficiency, they are natrinfid by road congestion, few access and egress
points,theyprovide fast connection.

In the light of the context and objectives of this research, the transport chain should
include, for access and egress trips, also feeder mechanised transpoptubkc hiasport, car
based transp@ft

In fact, acces and egress trips can relyatking, bike, public feeder transport,-based
transport The simple transport chafivalkng 6 main moded walk n lgedomes thus more
complex, turning into thénaindnixedd main modeé mixed) in which access and egress tdns
correspond taseveral different transport modege. walking, bike, public transport;lzsed
transportas shown by figude.

26 |s here considered daaised transportyhich embracesmodes like casharing, carpoolingar
rental, taxiparkandride kissandride
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Figure 12 Multimodal transport chainandpr oposed i nnovation.

Beyond the O6wal kabl ed ar ea, are ske
trarsport assuming that these modes allow to reach increasingly longer distances (Walker, 2012).

metropolitand areas
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® Transport node

" Walk area

m &6 Bike area
& & Public transport area

e Car-based transport area

Figure 13 Conceptual diagram of the extended stationare8 our ce: aut ho
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In the next figure is represented the conceptual diagram of the extended station area.

he a

rds el aboratic
sts b
@xtendedstation area. In fact, the circular walkable area can be used in urban contexts with a thick

road network, thus representing an acceptable approximationl aof trea .

However, a fundament al di fference the xi
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approach(Gutiérrez & Garci®alomares2008)A GIS softwarean helg n def i ni ng 61 s oc¢
areagO'Sullivan, Morrison, & Shearer, 2000).

The o6network distanced approach corresponds
existing network of pedestrian paths (walk), bike lanes (bidle), tf@asport lines (public
transport), roads (car transport). In the next figure is sketched a possible transformation of the
conceptual diagram into network distance areas, designed on the basis of isochrones.

@ Transport node

/
— Feeder lines
Se— .
't Walk area
& Bike area
&8 Public transport area
/ <%k Car-based transport area
Figure 14 Concepual diagram ofetwork distancéd&s t at i on ar ea. Source: authorés
Indicators

This paragraph reports the choice of indicators and gives some technical insights on how
values are transformed into normalised sddiféstently from the usual nedplace analysis, in
this methodology are considered some indicators explicitly aiming to assess the quality of feeder
transport. The used idiors belong to three families.

1 Main transport indicators.
9 Place indicators,ftérentiated by catchment areas.
1 Feeder transport indicators, differentiated by transport modes.

Some of the indicators have been individuated by the author, while many others can be
found in previous studies on TOD typoladjiddace indicators are referreddtchmenarea; the
value 6 each indicator is compared to the maximum value found among the analysed transport
nodesso obtaining score between 0 (minimum) and 1 (maximum)

The choice of indicators is based upon the most recent orientations of academic literature
and is influered by data availability. In the case of main transport indicators, some authors

27For an extensive review, kga et al.2016.
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Main transport indicators:

1 Number of directions served.

9 Number of arrivaldepartures per day (workdays andlagk)
1 06Ba fworkdays and holidays).

9 Ticketingservices.

How many arrivals/departures?

=

The accessibility of a transport node is decisively influenced by the number ¢

arrivals and departures per day. However, some issues can be related to the

(0]

assessment of thidigure, especially when the evaluation includes stops placed at th
terminus of a transport line, or where services end, as sketched in figuf.

A

c
®

o

A
¥

SaInuedap/SIeALAE 7
sanpedapsieae g
ANpEASR | + [BAME |

Figure158 | OOEOAI TAADAOOOOAO AEACOAI 8 3

In this hypothetical case, every service calls at all stop@&, B, C) providing equal

accessibility to each node. The counting solution adopted is differentiated according

to the characteristics of nodes: in the case of nemrminal nodes, every

arrival/departure is counted just once, while in the case of terminal stations, arrivals
are counted separately from departures. Irthis example, this methodology gives the
same result for each node, reflecting the real service pattern.

10

highlight thatf r equency of 2srepresent the mostringoortans qualitie$ of public
transport (Walker, 2012). The factors connected to of reliability, earaiftr@lonchambert &
De Palma, 2014), are much harder to investigate due to lack or unavailabilisodhdgthave

been excluded

OAAg AOOEIT «

As suggested by Bertolifli999), residdial densityjob densityand functional mix

28According to Walker (2012), 6spand i

each directiono.
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constitute the indi cathaerHowevee nnhé sesearchi dag abdbyt | ac e 6
functional mix have not been considehgs to unavailability of data about workplaces in different
economic seors. The indicatorsof residential and job density have bemdoulated for each

catchment areseparately meani ng t hat each node wi
performance®ccasionally, indicators about the amount of studentbdmvadded, in the cases

in which the accessibility of edigraiplaces represented an issue, as will be shown in chapter 5
about Campania study case.
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Place indicators:

1 Residential density
1 Job density
9 Number of students.

Beyond O6ur ba resshg to dind ingioators able to assessnhe accessibility of
each isochrone area. For this reason, Feeder trandjgators have been elaborated tlaey are
described in detail in the following paragraph.

Regarding walk transport, qualitative itaticareferred to the quality of walking
envirorment have been used, since this faldoisiely affectsvalking safety, while the presence
of pedestrian streets can result in shorter distances to potential destinations (Ewing & Handy, 2009;
Saelens & Hagd 2008). Even though a quantitative study, e.g. based on the length of sidewalks
and pedestrian streets would be more accurate, the unavailability of this kind of data suggested to
use a qualitative approach, helped by field trips.

Walk transport indicats

1 Quality of sidewalks.
1 Presence and quality of pedestrian streets.

Similarly, in the case of bike transport, an indicator related to the quality of bike
environment has been included, since the quality of physical environment plays a key role in
promoting transport bicycling (Buehler & Pucher, 2012; Xing, Handy & Moktarian,f2010).
available, also binary indicators referred to the presence of bike facilities at the transport node, like
bike parking, bike lockers, bike repair, have been included.

Bike tansport indicators:

1 Presence and quality of bike lanes.
1 Presence of bike facilities.

Regarding public feeder transport, the used set of indicators roughly corresponds to the list
referred to main transport, with the addition of indicators related to the degree of fare integration,
which has a strong influence on public transport attreett/éMees, 2010; Walker, 2012) and the
quality of waiting places. This group of indicators is decisively influenced by the presence of at least
one public transport line: in fact, differently from all other feeder transports, public transport
inevitably reds fixed lines asdheduledervices. Therefore, it can occur that a railway station has
no public feeder transport, making also impossible to determine the extension of catchment area.

Public transport indicators:

1 Presence of at least one line

1 Numberof lines

1 Numberof departures/arrivajger day (workdays and holidays).

1T 6Spandé (workdays and holidays).
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91 Degree of fare integraté@n
9 Passenger services, like ggodlity waiting places and kiosks/restaurants.

Carbased feeder transport embraces diffene@mgport modes, with diverse requirements.
While we can say that kisglride isalways possibl@arkandride, carrental, casharing,
carpooling anthxi servicenecessitatgpecific infrastructures, like car parking, taxi rank, etc. For
this reasw, indicators referred to car faciliiase been included

Carbased transport indicators:

9 Carbased transport facilities
9 Extension of car parking.

The choice of including elaased transport could appear contradictory in comparison to
the claimed objége of improving accessibility by public transpodnon-motorisedmodes
However, in lowdensity contextto which this study refers,-basedransport can be considered
a plausible access/egress mode, working in cooperatipublithtransportather than compete
with it.

The cied families of indicatoreave beentransformed intoindexes,using simple
arithmetical operatioriscan be argued that different indicators could have different relevance, e.g.
in the case of main transport, freqyesan be considered mardesselevant than span or ticket
services. A way to account for these differenc
proportioned to their relevance. However, the impossibility to define exact weights smggested
calculate a simple average rather than a weighted &veraigeusioneachcatchment area will
be described on the basis of:

1 Accessibilitpy main transport (Node index).
91 Intensity of land usP ( a wemge&auédifferentiated by catchmentae

1 Quality of feeder transport~(e e d e r tverage saglueslifferentidtad by
transport).

Sincahegreat number of indicators and indéxeslved it isuseful to associate a code to
each index, as done by the following table.

29 This indicator answers to the questias it possible to buy integrated tickets? And how many,
among the transport companies operating in this transport nodes, issue integrated tickets? E.g., in a transport
node served by one train company and two bus companies, can occur that evergarticipatgs to fare
integratiord i.e. is possible to buy tickets valid for train an® busan happen that only two of them issue
integrated tickets; in the worst case, there is no fare integration. The indicator will assimeadhuen
din the first case and@minimumad in the last.
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Subject Index Areal transport Code
Accessibility by main transpo Node - N
y by P index
Walk areaaverage value Pw
Place Bike areaverage value Pb
Intensity of land use average
values Public traverage value Pp
Carbasedaverage value Pc
Walk transporawverage value Tw
Feeder Bike t 2] I Tb
ike transporaverage value
Quality of feeder transport transport
average | pyplic transporaverage value | Tp
values
Carbased traverage value Tc

Table 18 Indexes and codesSo ur c e : aut horos el aboration.

Therefore, each transport nasldescribedby thelisted valuesepeating the analysiarfo
times, every time targeting one of the tmichment areaand the linked transport mode, as
reportedn the following table.

Cathiment areas/feeder transport

Walk area| Bike area Pl Carbased
transport
and and area and
transport | transport A transport
transport
Accessibility by main transport N N N N
Intensity of land use Pw Pb Pp Pc
Quality of feeder transport Tw Tb Tp Tc
Tablel2 Performances of transport nodes

and indexes.

In order toobtain the Gener&lace indexP), Placeaverage valubave beemultipliedin
pairwisdoy Feedetransport average valugsis obtaining fouPlace indexgser each node. Then,
through the operation of avera@gxneralPlace indexhas been obtaingthis procedure is
summarisednd clarifiedby the following figure

65



Land use and transport integration in small cities

!

Node indicators: { ]
* Directions o
«  Frequency U £ N

O |5
Node
index

Walk area place
indicators:

Residential density
Etc...

Average

Walk tr.

Sidewalks
SR ELCES

Bike area place

indicators:
Residential density
Ete-

Average

Bike tr.

indicators: Th
*  Bike lanes

A ElC

(e [ P |

Public tr. area

place indicators: Average General
Residential density Place
e index
Public feeder tr.
indicators:
Etc...
Car area place
indicators: Average
Residential density
et
Car-based tr.
indicators:
Car-parking
Etces
Average Place
values indexes
Figure 16 Connection between indicators and indexeSour ce: aut hor 6s el aboratior
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O4EORDE 11T AA BPI AAA Al Al UOGEO
Sincethhhuge number of i nformation inwadlepédd, t h
node place analysis, in which each step gives diffsighisirsummarized as follows:

T Ab6general & node place analysis giving a
the study area in coamison to intensity of land use.

T Adbdetail edd node pl aceortmaoda!l ysi s, di ffere

1 A6 r adigrarbanalysis, able to display which catchment area could host urban
development, and whether an improvement of main or feeder transport is needed.

General node place analysis
The general node place analysis is loaséte Node index(N) andthe General Rice
index(P), coming from the combination of indicators

Name Formula
Node index (N) Average of main transport indicators
GeneraPlaceindex (P) (Pw Tw) + PUTUJ (PpTp) + £cT9
Table 20. Operation linked to Node andGeneral place indeg s . Source: authorodés el abor

The resultaredisplayed by a xy diagramhjchreportson the vertical axis the values of
Node index, and on the horizontal aeigortsthe values oGeneralPlace indexas done by
Bertolini (1999)In this way, each transport node is represented by a point, which position
underinebunbal ancesod, e. g. cases in which urban de
or whenhigh accessibility suggests increasing land use intensity. HeerevalPlace index
although based upon values of residential and job density, is decisively influenced by the quality of
feeder transport modéswalkng, bike, public transport and desed transporit this stage of
the study, the differences betweamessibility by feeder transport and land use intensity are still
not visible, in fact it can occur that a high val@eaotral Rice indeis determined by high urban
density in some catchment areas or, conversely, high accessibility provided by esome feed
transport.This analysis does not clanyigt those aspecgtdhus a deeper study is needed, as
explained in the following paragraphs.

It is important to underline that, in the case ofatidysis based on the Genelatd®
index, residents and jobse | ongi ng t o the wal king catchment a
they are also included into bike and car catchment area, while very often they belong to public
transport catchment arem. While we can say that, as example, jobs and residertsyitaio
walking area belong to bike andbzsed transport areas too, is not always true that they always
belong to public transport catchment area. This means that jobs and residents located within
walking area are will be surely counted in bike rabdseal transport areas, ibig not possible to
know a priori if they will be counted in public transportlerea. t h e s e detadkednedens, t he
place analysis believed to be moreiing ht f ul t han the &édgeneral 6 one.
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Detailed node place analysis

The second step corresponds to a fourfold node place analysis detailed by feeder transport
and the relative catchment areas, represented by four xy diagrams. In this case, the horizontal axes
of the diagrameportthe Place indexes, obtained multiplyiagepherage valuéBw, Pb, Pp and
Pc) referred to catchment areas and feeder traagp@ge valu€gw, Th, Tp and Tc) referred to
single trasport mode, as shown by figure 1

1
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Node (N)

0.4
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0.6

Node (N}
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Walk transport
and area
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Bus/feeder *
transport
and area
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Place (Pp * Tp)

Bike transport
and area
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Place (Pb * Tb)

Car-based
transport
and area

04 06 0.8 il
Place {Pc * Te)

Figure 17 Example of diagrams representingthd et ai | e d

node

pl ace analysis.

The detailed node place analysis helps to unddrsttaydn relationto a transport node,

the di

fferences exi sti

ng

bet we e n petfdineancdso u r

However adeeper study able to treat separately Place and tFerespent qualitiels necessary

with the aim of highlight possible differences between these factors. This is represented by the

O0radar

¢ h austrated @n tha nesat bayagraps. ,
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Radar diagram analysis

The third step is lead through triangular rddegrars© representing single catchment
areas. On each axis are reported the scores of Node index (Nyyeréyme valu¢Bw, Pb, Pp,
Pc), Feeder transpanterage valu€gw, Tb, Tp, Tc), ashown bythe followindigures.

This step aims to highlight th@otentiads i t uat i on of ©Odunbal anced a
able to consider, at the same time, aspects referred to land use, accessibility by main transport and
quality offeeder transport.

Walk f Bike

transport transport

and area and area
Tw Pw Tb Pb

N
, Public Car-based

transport transport

and area and area
Tp Pp Tc Pc

Figure1l8 Set of four radar diagrams d@&serdcdi nguthamdpoelt aboil

The diagrams reported in figuBclan be 0t r anifsld map,eeprésentinpo a f o
transport node and its catchment areas, referred to different feeder tnandesrtas displayed
by figurel9 As can be observed, the extension of catchment areas is influenced by the shape of
road network, except for public transport catchment area, ddpesels othe pattern of lined
in this case bus linéslinked b the considered transport nodle.fact, the shape of public
transport catchment area is much more irregular in comparigbhartoatchment areas. In order
to definethe extension gdublic transport catchment area, information about public transport lines
are neededn the case of unavailability or incompleteness of these information, also public
transport catchment aread b determined on the basis of road negvork

30 A radardiagram, also known as spider chart or star chart or Kiviat dsgraliagram able to
show multivariatdata of three or more variables by usingdart@nsional representation (Chdérde, &
Unwin, 2007.
311n this researchas will be shown in Chapters 4, 5 araddfferent approadmas beeifollowed
according to the used study cases: in the cases of North Holland and Campania Region information about
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S
Walk catémment

a ]

{ =. (

. 2 D { E
Figure 19 Example of fourfold catchmentareaSour ce: aut hor 6s el aborati on.

Figure 149isplays the possible configuration of a-fisldrcatchment area, referred to a
transport nodé the yellow dotThe areas reachable by walking and bike include zones placed on
both sides of transport node, meaning that pedestrians and cyclists leoesasy itn the
case of public transport catchment area, feeder transport is represented by the libesar light
as can be observed, in this case many lines are linkedrémsport nodesignalling a good
integration between main and fed¢dersport.

I't is important to wunderline that radar ans:
pictured of the actual st adtanspon strategiesg therefare, pos si |
irregular triangledo notautomatically meanatha deep transformation is inevitable or the actual
situation is unsustainable, but they highlight areas in which there could be the possibility of
increasing the quantity of population and jobs, and where the actual transport offer is insufficient.
Howe\er, a more detailed study famdson those areas is neceskafgctthis analysis does not
consider peculiar factors that can occur locally, i.e. the presence of constfzamt®tdransport
developmentd natural protectedreas, archaeologicatesj etc 8 the existere of special

feeder public transport were available,ghbBc transport catchment areas have been designed on the basis
of this network. Conversely, in Central Italy case study, it was not possible to obtain information about feeder
public transport, so an approach based on standard road network was adopted.
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destination$ touristic attractions, sport amusemenfiacilitiesd that justify a high accessibility
level despite a medium or low density.

Main transport providers

x
L5}
©
=
Q@
o)
O
=z

Feeder transport providers Municipal / provincial / regional
Municipal / provincial / regional planning offices
planning offices
Figure 20. Radar diagram with linked stakeholderand public decisionma k er s. Sour ce: authorés e

As reported byigure 20, each axis can liekedto stakeholders and public decision
makers that directly influence, with their chaibesparametenepresented by the chatN o d e
i ndigdedi ded by main transporaveragovalfea ng onf toepaani
pl anning strategies of Muni citpalnsagmd tPiao\wirmagiea
determined by the decisions of transport providers, as in thelmasé&afisporiyhile this aspect
can be conditioned by municipal or provincial planning offices, as occurs when decisions regarding
bike lanedyus lanegedestrian areastc.have to be taken.

One of the goals of this analysis is, thus, to help urban and regional planners in defining
their planningstrategies, not only to underlineni s mat chesd bet ween | and u:
also highlighting possible solutions to reach a better integ@atidhe other side, transport
authorities and companies can use it to adjust their transport offer on the basis of the potential
demandThe next chaptergportthe application of this methodologythoeestudy cases referred
to -medmopol ilotated in the dletherands and Italy. The implementation phase
requiredo adjust the set of indicators used, while differences regarding travel habits influenced the
definition of station catchment areas.
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Chapter 4
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North Holland study case

The province of North Holland shows a noticeable variety in terms of urban density. The
southernmost area is part of thecalbed Randstad, the horsesttmgped conurbation that
occupies the central part of the Netherlands, spanning from Rotterdam toadttezhbracing
many large and medium cities like The Hague, Amsterdam, Leiden, Haarlem, etc. The northern
sector of the province is characterised by much sparser urban centres, and a lower urban and
infrastructural density. For these reasons, some ateadlofth Holland province seem adequate
to implement the proposed typol&gy

Friesland

Legend

©  Stations

Railways
Main roads
Urban areas

Agricultural lands

Water

(73 Provincial borders

Woods and natural lands

|

Den Helder

F Hollands Kroon
Schage
Enkhuizen

/cy—-oo-ﬂ

/’}-.Iﬂo'orn

Edam-VYolendam

IJsselmeer

North
Sea

Alkmaar

Castricum

Zaanstad Flevoland
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Amterdh
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Figure 21 Province of North Holland,ur b a n

and infrastructural pattern.

32 All the maps

in this chapter are based upon geographic data freely available at

https://www.openstreetmap.org/http://www.imergis.nl/asp/47.asp andhttp://land.copernicus.eu/pan

european/corinrdandcover/clc2012. Retrieved on 15/03/2017.
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As already shown the previous chapsgiEuropean Community authorities carried out a
statistical classification, regarding all EU municipalities, aimed to categorise them into three

typol ogies: o6Citiesd,

O(Dijastvan&sPoadnmam, 20d4).bur bs d, and

In the following image, thrailway map of North Holland is overlaid with the Eurostat
classification of municipalities, in order to highligisestations that can be used as study cases.

Legend

©  Stations

Railways

Degree of urbanisation
“ Cities

% Towns and suburbs

®% Rural areas

"' Den Helder
Den Helder Z 3

AGE] Paulowna

»

Enkhuizen
-l

Figure 22 Province of North Holland. Urban degree of municipalites, and railway infrastructuresSource:

aut hor ds

mded dnijkstat & Poetman (2014)

The seleed railwaycorridor involves nine stations, placed along the railway line Haarlem
0 Den Helder. Not all the stations found along the cited line have been included into the analysis,

but only the ones |
The following list contains the studied stations.

i Den Helder
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Den Helder Zuid
Anna Paulowna
Schagen

Heiloo
Castricum
Uitgeest
Heemskerk
Beverwijk
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Legend
Q stations in "Towns and suburbs'
@ sStations in 'Rural areas'

QO Stations in 'Cities' (not analysed)

—— Analysed railway corridor

—— Other railways

Degree of urbanisation

“ Cities

("3 Towns and suburbs

& Rural areas

Figure 23 Analysed railway corridor

QDen Helder

QDen Helder Zuid

IAnna|Paulownal

Source:

aut hor 06s

el aboration.

It has been necessary to analyseeationship between statiaisd network and bus
lines.In the following pictures (from420 27), are reported the analysed stations, their position
within road network anfiéeder bus linedll gations, except Heekesk, are connected kocal

bus network.
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Figure 24 Transport nodes and relation with oad network and bus linesDen Helder and Den Helder Zuid

Source:
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Figure 25 Transportnodes and relation with oad network and bus linesAnna Paulowna and SchagerSource:
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Legend ':
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Figure 26 Transport nodes and relation with@ad network and bus linesHeiloo and Castricum Source:
aut hor d®on.el abor at
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Figure 27. Transport nodes and relation with@ad network and bus linesUitgeest, Heemskerk and Beverwijk
Source: authords el aboration

In the following table are summarised the feeder bus lines linked to the studied railw
stations, with their characteristics in ternieqtiency and service time
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Workdays Holydays
Feeder
Station bus Frequency Span Frequency Span
lineg (departures/day | (hours) | (departures/day | (hours)
30 30 17 24 13
31 29 16 21 13
32 31 18 22 15
Den Helder 34 29 16 14 14
135 18 17 15 15
158 16 13 - -
85134 - - - -
Dep. total / max span - 153 18 96 15
30 30 17 24 13
Den Helder Zuid 31 29 16 21 13
32 31 18 22 15
Dep. total / max span - 90 18 67 15
158 8 10 - -
Anna Paulowna 708 5 5 5 15
7095 5 5 5 15
Dep. total / max span - 18 10 10 15
150 13 13 - -
152 16 16 12 12
157 14 14 - -
Schagen 406 12 12 - -
411 12 12 - -
416 11 11 - -
417 13 13 - -
Dep. total / max span - 91 16 12 12
Heiloo 408 9 9 - -
79 30 17 14 14
Castricum 164 17 17 15 15
167 26 18 15 15
Dep. total / max span - 73 18 14 15
73 38 19 33 17
Uitgeest 163 20 15 13 13
N6FPE - - - -
Dep. total / max span - 58 19 46 17

33 All bus lines are managed by Connexxion. Information availbtifesatwww.connexxion.nl/.
Retrieved on 08/05/2017.
34Line 851 runs only in summer months, so it has been excluded.
%Lines 708 and 709 are O6overstapperd lines (serv
36 Night line.
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Heemskerk - - - - -

59 30 15 14 14

7137 - - 18 9

72 17 17 14 14

Bererwik 73 38 19 33 17

74 32 18 15 15

7638 - - 18 18

78 35 17 32 16

79 30 17 14 14

Dep. total / max span - 182 19 158 18

Table 21 Transport nodes and features of feederus | i nes. Sour ce:
The following figure describes the

extended station areas r adpatediingey t o st at

Legend
Q Stations in 'Towns and suburbs’
@ Stations in 'Rural areas’

O stations in 'Cities’ (not analysed)
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CS Public transport - bus - areas
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CHeerhugowaard

Figure 28 Isochronecatchmentareas. Source: abto r & s

el aborati
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Catchment areas sometimes show a partial overlap, especially in the case of stations

separated by stiodistances. In that caseonf I i ct i ng

pol ygons

ar e

softwarés, on the basis of the closest station, ialdading catchment areas linked to stations

locat ed

of North Holland territory, where many statiareslocated very short distance

37Line 71 runs onlyroSaturdays.
38Line 76 runs only on Saturdays.
39 A GIS software has been used to elaborate maps.
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Data sources

Data about treel behaviour are issued by the D@ehtraal Bureau voor de Sta@Rigk
CBS leads a yearly survey specifically focussed on travel habits across the Netherlands. The latest
availabldnformation date back to 2Qlfgpresenting the most complete apgropriate data
sourcesThe statistics provided by CBS are differentiated on the basis of transpoi€Bfétes.
differentiates trip modes as follows.

T Train
Bus/tram/metra
Bike/motorbike
Walking
Car(driver)
Car(passenger)
Other.

= =4 -4 —a & -

It is important tanote that trips made, e.g. by train, correspond to the travels for which the
train is the prevalent transport mo d e . Thi s m
multiple suHrips, relying on different transport modes, such atrbikevalkor cartrainwalk or
bustrainbus, etc. This valugf time corresponds ta h e 6ti me travel for di
(Reisduur per verpldaBingn si der i n g 4, the Dyich statigtiaalr dptabasekes the
following distinction.

Work.

Busines#ip.

Medical cate

Shopping

Educationf classes and childcare
Makevisits / stay over

Sport hobby, hospitality visit
Travel/ hike.

Other.

= =4 -4 -8 & A _—a _—a 19

In this study caseailway transport can play the role of main transport, since it is the main
public transpa infrastructure of the regiohhus, average commuting time referred to trips with
railway transport as main mode, seems to approxmeibtiee average commuting time for this
study case

40 http://statline.cbs.nl/Statweb/selection/?DM=SLNL&PA=83499NED&VW=TRetreved on
13/3/2017.

41 http://statline.cbs.nl/Statweb/selection/?DM=SL NL & PA=83494NED&VW=TRetrieved on
13/3/2017.
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Travel time

It is essential to quantify the average comntutiegoy train. According to some national
statistics, average commuting time varies from nation to nation and within national borslers, as
influenced by transport modes, t prefererscgsatar t 6s pur
CBS alsopravdes data di f f er e Btedelikleidsgradie yfollowingrtdble n de gr e
reportscommuting time ithe Netherland8 by train and all modésand differentiated hyrban
contexts.

Average travel time per urban degrand transport mode, year 2016
Area, urban degree Transport modes Average travel time (minutes
All modes
The Netherlandstotal : 23.02
Train 75 95
All modes
Very strong urban : 25.19
Train 74.58
Allmodes
Strong urban : 22.77
Train 72.56
All modes
Moderate urban : 21.68
Train 80.44
All modes
Little urban . 22.41
Train 81.64
All modes
Not urban . 22.80
Train 77 49

Table 22 Travel timein the Netherlands.Sour c e : aut hobasdgisnCGBS adata.or at i on

Average commuting tintlwes noshow great variatiomsnongthe different contextdn
the following table, travel duratisranalysed for travels made by train and all4tavels

42

http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=83500NED&D1=4&D2=0&D3=0%2c3&D
4=a&D5=0&D6=I&VW=T Retrieved on 13/03/2017.
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The Netherlands varage travel tim@er mode andrip's purposes, year 2016

Transport mode Travel's purpose Travel time (minutes)
Total 23.02
Work 28.25
Business trip in working atmospher 45.10
Services / medical care 21.09
All modes . Shopping . 13.78
Education / classes and childcare 21.54
Make visits / stay over 24.41
Sport, hobby, hospitality visit 24.65
Travel / hike 42.65
Others 15.12
Total 75.95
Work 64.86
Business trip in working atmospher -
Services / medical care -
Train as main Shopping 59.55
mode Educationf classes and childcare 71.01
Make visits / stay over 100.09
Sport, hobby, hospitality visit 88.93
Travel / hike -
Others -
Table 23 Average travel time in the NetherlandsSour ce: aut hor 6s el aboration base

According to these numbers, the average travel time by train shows, at national level, some
variations related tbe purposeof travel In particular, travels by train towards workplaces, shops
and schools register the lowest values (respectively 858&n8l 71.01 minutes), though much
higher than the corresponding values referred to all modes.

Access and egress times

Once obtained reliable values of travel time, is necessary to esteem how much time people
are willing to spend in order to cover ttstagice between the point of origin of their journey and
the departure station (access trip), and between the arrival station and the final destination (egress
trip). Krygsman, Dijst & Arent22004)d e f i ne tnheec tOiivnitteyr croant i 06 of mul
the proportion of access and egress time to total trip travel time.

Although individual access and egress times show significant individual variability, the
interconnectivity ratio shows less variatioy faltimg navagd a3®=2for most
multimodal public transport chains. With increasing trip time, the ratio shows a continuously
decreasing trend. This decreasing trend is very much a function of the multimodal mode chain
(i.e. aca@regifegress) andtrezall trip time.
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The multimodal chains describedKibygsman et al. (200de differentiated by transport
modes and total travel time. According to thm,interconnectivity ratio for the multimodal
chai n-trdimmi xeedd & vari esedrst b &yadils dafr attri @ n

In the following table is esteemed, based on the interconnectivjtyamdtion the
numbers about the average duration of a train frawBe Netherlandsplausil® values of
access/egress tine railway stations. Although tbiged scholars argue that the access time to
transport could be slightly different from the egress time, in this case is supposed that these two

values are equal Access/ egress only ti ,
Interconnectivity Access time + Time for
The Netherlans, autbound travel time by train (minutes ratio egress time | access/egress only
(minutes) (minutes)
Hometo-work trips 64.9 0.35 22.7 11.35
All trips 75.9 0.30 22.8 11.4
Pttt GNRALIEAZ WY2RSN 8044 0.30 24.1 12.05
Table24 Dutch travel times and related access/ egress ti

Access/egress time to railway station varies slightly, from 11.35 to a maximum of 12.05
minutes, in spite of the variatiohtravel time. Irconclusion, considering the exposed arguments
about interconnectivity ratio and average commuting time, it can be supposed that access and
egress times is to some extent longer than the standard value of 10 minutes usstdde$®D

can be here hypothesised a value of 12 minutes as talsisate therbadth of extended station
area

The value of 12 minutes has to be put in relation with the expected speed of different
feeder transport modes, in ordecéiculate the distan@achable by each of them. Again, CBS
provides useful data for the Netherl ands: in f

l ength in terms of space and 44tCombieing thededswo di f f e
dimensions, the averagpeed can be obtaineakily

Travel speed (km/h) by transport mode and degree of urbanisation, all travel purposes, the Netherlands6 ye
Transport mode 2 N:zot g ?rlands VelrJ)r/bsa:Long ﬁ:?:r? Mﬁgt?;te Little urban | Not urban
Car (driver) 46,0 41,2 46,1 45,8 48,4 48,3
Bus/tram/metro 17,8 13,8 20,5 20,0 25,9 -
Bike 12,5 11,7 12,2 12,9 12,8 13,6
Walking 5,3 5,7 5,1 5,3 5,1 5,2

Table 25 Travel speed in the NetherlandsSour ce: aut hobasdiienCGBEdataor at i on

43Valuexan bededuced by figure &ferring to the graph about mitedn-mixed transport chain
(Krygsman et aR004)

44 http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=83500NED&D1=3
4&D2=0&D3=1,4,68&D4=0&D5=0,1721&D6=I&HDR=T&STB=G1,G4,G3,G2,G5&VW=TRetrieved
on 24/03/2017.
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Following thesgaluesit is worth remarkinthe greater speed of car and bus transport in
|l ess densely wurbanised areas. I n the | ight of
values referred t of utbansatienr raunding offrthem.nToe faleving e e o
values have been obtaing8:km/h for car, 20 km/h for bus, 12 km/h for bike, 5 km/h for
wal ki ng. I't can be also assumed that, i n O0mode
referred to bus trapert, due to the smatlinfluence that, in these contexts, tram and metro
transport have. Medium towns and small cities, in fact, often lack a tram network, while metro
networks can be found only in major cities.

Finally, in order to extract from CBS Hase thelesiredvalues of travel time, have been
considered only travelswihe following characteristics.

1 Mode: travelsbytrailbecause this transportintmestudy r epr es
case

1 Purpose. Allravels have been consideredabee a better integration of modes can boost
accessibility not only for residents, workers and students but also for tourists, people who
travel to fulfilsport orleisureactivities shoppingetc. So, arkereconsidered all travels,
independently fronheir purpose.

M Travel ds | ocati on. CBS provides travel dat a
have been selected data referred to the are

In conclusionthe value 080.44 minutéshas been considered, since this value, according
to CBS database, corresponds to the average time of travelsy nradte that take pladn
Omoderate urband ar eas. 4 iheValue g P4yhinmes hal beert 4 mi nu
obtained as accessegress time. Access or egress time corresponds, thus to 12.05 minutes,
rounded off to 12In order to determine the breadth of extended station area, the value of 12
minutes ihas been usdd calculate the corresponding distances reachable by thotodss.
The following tablesportsthe corresponding distances for each transport mode.

Average speed Motorised modes:
Feeder transport ge sp Distance covered in 1
(km/h) -
minutes (km)
Walking 5 1
Bike 12 2.4
Bus 20 4
Car 45 9
Table26 Speed of feeder transport and corr éasggomGBE ng di st an
data

45Data available at
http://statline.cbs.nl/Statweb/publication/?2DM=SLNL&PA=83500NED&D1=4&D2=0&D3=3&D4=0&
D5=0,1721&D6=I&HDR=T&STB=G1,G4,G3.G2,G5&VW=TRetrieved on 23/03/2017.

46 Interconnedvity ratio according to Krygsman et al. (2004).
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Population

In order to calculate the amount of population dwelling in each catchment area, data
provided by CB®ereusedFor t hi s r e s eldaarcniefswatisteken perovesdamt, t h e
most accurate geographic database for the Dutch context.

TxT

Legend

QO station
Railway

m Catchment area
Centroids

9 Selected

% Not selected
Squares
®% selected
(% Not selected
S —

Figure 29 Exemplification of the selectionoperaton Sour ce: aut hor 6GBSdataabor ati on

The cited map splits the Dutch territory into squares, witméid8s sides, and contains
demographic information for each squine. methodology chosen to select the squares is based
on geometrical rules. In fact, are considered only the squares whose centroids fall within
catchment areas shown by image.29

The use of centroids allows to link univocally a square to a céctaiment areahis
techniqueis useful in those situations in which catchment areas border one another, since it
prevents the risk of counting twice the same squares.

Esteemed jobs

Data about workplaces are freely available only at the municipahdasdenot reported
by theKaart met statistieken per viel®&tftdatabaserasused in order to obtain data about jobs
referred to the year 2QJ3gkr each municipality within Dutch territdrigen, the quantity of jobs

47 Extended nameé<aart met statistieken per vierkant van 100 bijSffstivetemap by 100x100
metres squares). Available at https://www.cbs.nl/ninl/dossier/nederland
regionaal/geografische%20data/kazatstatistiekeqpervierkantvan100bij-100meter . Retrieved on
12/04/2017.

48 https://www.lisa.nl/data/gratislata/overzichtisadatapergemeenteRetrieved on 28/04/2017
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per municipalityvasput in relatia with population figures, to find a ratio between residents and
jobs. This ratio allowed to esteemam@unt ofworkplaces located within each catchment area.

The found rati@llowedto esteem the amount of jobs for each square as defined by CBS,
differentiated by municipality. E.g.,H&iloo municipality has a ratio jobs/population of (30,
hypotheticabquare belgging to Heiloo municipality wifd0 inhabitantsyill have an esteemed
amount of30 jobs In conclusion, each céland each centroid has attributes deshing the
number of residentnd esteemed jobs. This alleasntingthe amount of people and jobs for
each catchment area.

Municipality Joh4°2014 Population 2014 Ratio jobs/population
Den Helder 26,840 56,425 0.48
Hollands Kroon 16,080 47,120 0.34
Schagen 20,810 45,675 0.46
Langedijk 8,330 26,640 0.31
Heerhugowaard 22,070 53,220 0.41
Alkmaar© 56,200 106,590 0.53
Bergen 10,120 29,965 0.34
Heiloo 6,740 22,595 0.30
Castricum 10,010 34,130 0.29
Uitgeest 3,560 13,395 0.27
Heemskerk 8,880 41,815 0.21
Beverwijk 17,640 37,085 0.48
Velsen 33,250 67,580 0.49
Zaanstad 60,070 148,860 0.40

Table 27. Municipalities involvedby cat chment areas: figures about |jobs

elaboration based on LISA database and demographic data.

However, it is important to remark thmitationsof this methodIn fact,it assumes that
workplaces are distributed evenhfpughat municipal territories while, as experience suggests, i
the reality jobs are condensed in limited dviemsover, it would be crucial to consider, for the
place index, also activities that attract visitors, like education facilities, pphliatargervices,
touristic attractions, etdowever the unavailability of more detailed data represents a limitation.

49 The number of jobsorrespondso the total number of futimers, partimers and temporary
workers.

50 The figures about Alkmaar are have been obtainsdnioying up data about the former
municipalities of Alkmaar itself, GrB# Rijp and Schermer. In fact, in 2015 these three municipalities have
been merged into the actudtrmdar.
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Methodology implementation and results
This paragraph illustrates the implementation of the methodology to North Holland study

case, detailing the used isntdep@tmwmode amldadd eamaly
Node indicators
tram:g]o " Indicators Description Mia:]?ture Score Code
Directions Number of directions served n n/MAX value -
oy | T e T gy | v |-
Freduency | Arivals o departures perday 1, porday | mmaxvalue | -
Trairp! Span (workdays) Service time on workdays hours hours/MAX value -
Span (holydays) Service time on holidays hours hours/MAX value -
NS standards Ticket machine YIN 0/1 -
Node index - Average of score§ N
Table28 Node indicators. Source: authordés el abor
Place indicators
Is](;i}:? :)ll:easrea Name Measure unit Score Code
Residential density Population / krd | Density/MAX density -
Walking area Esteemed job density Jobs / krA Density/MAX density -
Walking areaverage value - Average of scores Pw
Residential density Population / krd | Density/MAX density -
Bike area Job density Jobs / krA Density/MAX density -
Bike areaverage value - Average of scores Pb
Residential density Population / krd | Density/MAX density -
Publi(;rt(raznsport Job density Jobs / krA Density/MAX density -
Public t. areaverage value - Average of scores Pp
Residential density Population / krd | Density/MAX density -
tr;z;tﬁts?a?ea Job density Jobs / krA Density/MAX density -
Carbased t. areaverage value - Average of scores Pc
Table 29 Pl ace indicators. Source: authordos el ab

Feeder transport indicators
Some indicators are based on the NS standards, in these cases the presence of the
considered facility corresponds to 1, while the absence correspOndsheogoal of Feeder

51 Sourcehttp://www.ns.nl/reisinformatie/downloadienstregelingRetrieved on 08/05/2017.
52 Sourcehttp://www.ns.nl/statbnsinformatie
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transport indicators is to evaluate the accesdeitityof every isochrone area from the point of

view ofthe considered transport mode.

Land use and transport integration in small cities

Featel Indicator Description Score Code
transport
0 No presence of sidewalks -
Sidewalks only on some roads, generally w
. 0.33 . -
. Quality of poor quality
Sidewalks . - -
sidewalks 0.66 Sidewalks on most of roads, generally wit i
) good quality
Walking 1 Every road has goaqijallty sidewalks -
lity of 0 No presence of pedestrian streets -
Pedestrian Qe Y0 0.33 Few pedestrian streets -
pedestrian :
streets streets 0.66 Many pedestrian streets 3
1 Extensive network of pedestrian streets -
Walk transportiverage value Average of scores Tw
Table30l ndi cators relative to walk transport and
e Indicator Description Meas_ure Score Code
transport unit
Unguarded cycle storage Y/N 0/1 -
Self Service bike storagg YIN 0/1 -
Bike rental YIN 0/1 -
NS sf3
P. t. bike (o¥iets) YIN 0/1 -
Bike repair shop Y/N 0/1 -
Bike locker Y/N 0/1 -
Bike - 0 No presence of bike lane| -
Bike lanes only on some
) - 0.33 | roads, generally with poo -
Presence of bike lanes, quality
Bike lanes quality of bike Bike lanes on most of
environment - 0.66 | roads, generally with -
good quality
Every road has goed
- 1 ) i -
quality bike lanes
Bike transport average value - Average of scores Tb
Table 31 Indicators relative to bike transpore nd bi ke area. Source:

53 Information available alttp://www.ns.nl/stationsinformatie. Retrieved on 08/05/2017
Although other NS standards can be found, they have not been included since they are nothwesent i
studied stations.
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Rl Indicator Description Mea§ure Score Code
transport unit
Feeder If the answer is NO, all other
Presence of at least one lir] Y/N indicators in this section are -
transport invalidated
Feeder lines Number of lines n n/MAX value -
Frequency Departures per day on n n/MAX value )
(workdays) workdays
Frequency Departure_s per day on n n/MAX value i
(holydays) holidays
Public tr54 (Wciﬁggys) Service time on workdays| ~ hours hours/MAX value -
Span o .
Service time on holidays hours hours/MAX value -
(holydays)
Fare . . 55 n integrated companies / n
integration Degree of fare integration n/n transport companies -
Passenger Waiting room YIN 0/1 -
facilities/NS
standardgs Restaurants/kiosks Y/N 0/1 -
Public transporaiverage value - Average of scores Tp
Table32 I ndicators relative to public transport. Sou
Reass Indicator Description Meas_ure Score Code
transport unit
Park and ride Y/N 0/1 -
NS NS zone taxi Y/N 0/1 -
standardg’
Carbased Taxi rank Y/N 01 -
transport - -
Car parking Car parking area m? m2/ MAX value -
Car based transpodverage value - Average of scores Tc
Table 33 Indicators relativetocarb ased transport. Source: authoros el

Place indexesre acquired by multiplyimgpairwiseplaceaverage values (Pw, Pb, Pp, Pc)
byfeedertansportaverage valu€gw, Th, Tp, Tc), as explained by table 34.

Name Formula
Walk place index Pw*Tw
Bike place index Pb*Tb
Public transport place index Pp*Tp
Carbased transport place index Pc*Tc
Table34 Pl ace indexes differentiated by feeder transport

54 |nformation available dtttps://www.connexxion.nl/ Retrieved on 08/05/2017.

55 Transport companies fblorth Holland case studydS, Connexxion

56 |Information available alittp://www.ns.nl/stationsinformatie. Retrieved on 8)05/2017.
Although other NS standards can be found, they have not been included since they are not present in the
studied stations.

57 Information availdb at http://www.ns.nl/stationsinformatie. Retrieved on0805/2017.
Although other NS standards can be found, they have not been included since they are not present in the
studied stations.
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General node place analysis

Land use and transport integration in small cities

In this paragraph are illustrated the results of the analysis referred to North Holland and
some possible policy implications. The results will be displayed following the order: general node
si® @The firgt btep c@responds toy s i s

pl ace analysi s,
the general node place analyeigrtedoy the following diagram and table.
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Figure 30. General node place analysis refed to North Holland studycase Sour ce: aut hords el abc
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Node index (N) 0.64 | 0.67 | 067 | 0.67 | 0.9 | 099 | 0.9 | 046 | 0.76
General Rce indexP) 052 | 023 | 009 | 024 | 024 | 0.22 | 0.2 | 0.27 | 0.52
Table 35 Indexes valuegefered to North Holland studycase Sour ce: authords el abor at

According to the general node place analysis, the studied railway corridor is characterised,
generally speakingy a good accessibility by main public trandperttran d as confirmed by the
values of Node index, between 0.46 and 0.99. This is probably due to the high transport offer
provided by NS, the Dutch national railway company; in fact, the line DendHdideaard
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Uitgeest is part of the route Den HeldeAmsterdamd Nijmegen, one of the busiest railway
corridors in the Netherlar¥ls

Regarding the values@éneraPlace indexthis shows much lower values in comparison
to Node index, meaning that land use intensity and quality of connections between extended

catchment areas could or should be higher.

Figure 3ldentifies hr ee o&6f ami |l i esd& of tr anghedrstt
one, comprising the stationgaafstricum, Heiloo and Uitgeestharacterised by high accessibility
and low landuse intensity and quality of accesksegress to transport nodébe second one,
corresponding to the stations of Anna Paulowna, Den Helder Zuid and Schag&emdrate
Place indeis similar to the values of stations belonging to the first group, but accessibility by main
transport is glhtly lowerThe third group, composed by the nodes of Beverwijk, Den Helder and
Heemskerkwhichr e pr es ent t he most loGateddosertcctiee didecta line,u at i on

signalling relative balance between accessibility, land use intensity and quality of feeder transport.

nodes

Legend
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Figure31 Map representing the found O6famnliesd of stati
Roughl vy, it can be said that the gener al no

of transport nodes in the studied &rdaghly unbalanced nodes (Castricum, Heiloo and Uitgeest),
unbalanced nodes (Anna Paulowna, Den Helder ZuiSciaden), balanced nodes (Beverwijk,

58 As examplethe railway route Den Held@&Amsterdan® Nijmegen is served, during workdays,
by an intercity train every 30 minutes, with the first and last departures, from Den Helder station, respectively
at 5:04 and 22.04.

59|n this casgit seems more correct @t k rath
the groupings notbased upostatistical methods.

of &6f amil i e sabtypodgiesnsincee s
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Den Hel der and Heemsker k). However, these O6fam
fact, the general node place analysis is not able to specify if the found unbalances are due to low
values of land usaténsity, bad quality of feeder transport, or both. Moreover, also balanced nodes

can Ohided situations made by extremely divers
and feeder transport modes. So, a deeper analysis is needed, ashehwsw pages.
Figure 3r epresents the found o6familiesd of stat

observed, highly unbalanced nodes can be found in the lower part of the studied railway corridor,
between the stations of Heiloo and Uitgeest. Thasenst in fact, take advantage of a very

frequent train service and serve an area with low or medium urban density and accessibility by
feeder transport. Unbalanced nodes still have a good degree of accessibility by train, while urban
density and qualityf access to stations is slightly hight¢
show, at least at this level of detail, a more balanced pattern, partially influenced by a lower
accessibility by train in the case of Heemskerk and Beverwijk.

Detailed nod e place analysis
The detailed node place analysis alfiffesentiatingthe previous study by catchment
areas and feeder transport mdués tbtaining four xy diagrams.
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Figure 32 Detailed node place analysis refezd to North Holland study case

At a firstglance, it can be said tlliah i gh | y

Source:

aut hor 6s

UitgeesB show little variations, meaningtttee citedcatchment aredave similar characteristics
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intermsofdesi ty and quality of feeder transport. T
n o d e s 08 Afina Raulbwna, Den Helder Zuid and Schéadeltow a similar logic, with little
variations between the differ endBewrwikgDem ms . Co

Helder and Heemsketkare characterised by a higher variations degree. Beverwijk place index
varies from 0.25 to 0.98, highlighting great differences between different catchment areas. Similarly,
Den Helder and Heemskerk display a reabrkdiversity according to the various catchment

areas. The last example allows to understand the usefulness of the detailed node place analysis, in
fact it underlines the possible differences that can be found within each transport node, differences
thatcan be 6hiddend by the gener al node place an
two different policy implications: in the case of highly unbalanced and unbalanced nodes, policies
aimed to increase land use intensity and quality of feesigortranuld or should be undertaken

On the other handn the case of balanced nodes, that are in reality characterised by highly diverse
degrees od adedandd lpcdinteraction, an overall strategy valid for all catchment areas cannot be
defined, but is needadcontexbased approachble to take into account peculiar situations

S — ~
(7] () «© c £ - P é‘
| 3ol eS| &| 8| 2| 8| & 3
Place indexes I | Is5 8| 8 = = <) £ o
c cN| < 2 3] T a = 7] >
7] [} g 2} O =) o 8

(a] (o) I
PwTw 0.63 | 0.11 | 0.04 | 0.20 | 0.19 | 0.10 | 0.08 | 0.33 | 0.25
Pb*Tb 0.33 | 0.17 | 0.08 | 0.21 | 0.20 | 0.26 | 0.13 | 0.43 | 0.45
Pp*Tp 0.78 | 0.23 | 0.09 | 0.23 | 0.24 | 0.31 | 0.37 | 0.00 | 0.98
P¢Tc 036 | 0.39 | 0.13 | 0.30 | 0.33 | 0.21 | 0.22 | 0.33 | 0.38
Node index (N) | 052] 023 0.09 | 0.24 | 024 | 02| 02 | 027 | 052

Table 36 Indexes values, étailed node place analysis refezd to North Holland studycase Sour ce: author 0s
elaboration.

However, only witthe next step of the apsis is possible to ginmre insightabout the
reasons of unbalance, addressing more precisely strategies and policies.
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Radar diagrams

This paragrapheportsthe results of the analysis with the helfoof radar diagrams
representing each transport noflee following tablsummarises the resultstioé node place
analysifor each station of North Holland study cé@sethesescoresare based radar diagrams

— [ x
(] [0} @« c IS s — ~
o e} c [J] =)
©|cz| ez S| 8| 2| ¢8| ¥ | E
Transport mode/Code :'c: :'C: 3 < 2 £ = = S g o
S S 6_5 8 T & 5 b )
Q| o o I o
Node index N 0.64 | 067 | 067 | 067 | 09 | 099 | 09 | 0.46 | 0.76
Walk transport and Pw 0.94 | 023 | 013 | 040 | 039 | 0.20 | 0.26 | 0.65 | 0.37
area Tw 0.67 | 050 | 033 | 050 | 0.50 | 050 | 0.33 | 0.50 | 0.67
Bike transport and Pb 0.78 | 0.39 | 020 | 0.49 | 0.47 | 036 | 0.30 | 0.76 | 0.79
area Tb 0.33 | 033 | 033 | 033 | 0.33 | 067 | 0.33 | 050 | 0.50
Public transport and Pp 0.87 | 036 | 017 | 036 | 052 | 050 | 0.50 - 1.00
area Tp 0.88 | 0.69 | 052 | 0.68 | 0.38 | 0.66 | 0.70 - 0.98
Carbased transport Pc 0.72 | 053 | 0.21 | 050 | 0.49 | 0.28 | 0.33 | 0.82 | 0.62
and area Tc 0.33 | 0.83 | 056 | 053 | 0.71 | 0.83 | 0.68 | 0.47 | 0.57

Table 37. North Holland node place analysis: scores Sour ce: authord6s el aboratic

In the followingpages are reporteadar diagrams referred to North Holland study case,
sorted bag prévibuslyn ddsgyiliefigure 3 cont ai ns di agr ams refer
unbal ancfigueddtmchd sad ,ns di aldnbatamesed nodésf e BFisgdiknred o 6
t o 6Bal afdramgkwith oregalar Shapalvise that some intervens@regarding land
use or transpod could be needed; however, an assessment of single cases is necessary in order to
unveil local conditions that represent obstacles to transport improvement and/or urban
development.

The analysis led with the help ofaradiagrambelps to displathe relationships between
the three factors considered by this methodology, i.e. accessibility by main transport, intensity of
land userad quality of feeder transport.
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Figure 33 Example radar diagam anddiagramsr ef err ed t o OHi ghly wunbal anced nodes
Uitgeest Source: authordés el aboration.
The stations belonging to the family of highly unbalanced Gdasricum, Heiloo and
Uitgeestd s how a simil ar 0 trtieah aikis ofcthe ddiagtamwma thed scase bfh e v e
Castricum, place index shows the lowest values, especially in the cases of walk, bike and car
catchment areas. However, it is important to note that is probably due to the existence, close to
Castricum station, tfie Noordhollands Duinreséraasditural protected dfea

Results referred to Heiloo and Uitgeest display that increases of urban density are possible,
especially in car catchment areas, while in zithey they would require an improvement of
accessibility by feeder transpégpedlly, Uitgeest shows poor accessibility by bike and walking,
influenced by the poor physical quality of bike and walk accesses to the station.

60 https://www.pwn.nl/noordhollandsiuinreservaatRetrieved on 12/07/2017.

61Thisrepresenta possi bl e O6r oom f orlinfacthpatura\peteceddareds, of t he
even if cannot be used for urban development, they take advantage of good public transport accessibility,
thus suggests considering leisure activities stitodestinations.
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