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SUMMARY

In order to accurately identify the accessibility of areas and improve the accessibility of these
places as well as the accessibility of the cities as a whole, there is an urgent need to further
understand the changing land use structure and transport @wrs. Thereforethere is a
need for more insight into the effects of mobiligyolicies for different transport modes
More knowledge on tts topic is required in order to plan effective interventions and policy
changes. Accessibility concepts are incaagly acknowledged as fundamental to
understandthe effects of measures igities and regionsin line with this accessibility
instruments have been recognized as valuable support tools for-ugedand transport
planning.Most practitioners are convinckof the usefulness of accessibility instruments in
planning practice, because they generate new and relevant insights for planners.
Accessibility measures are in cases like Buitenring Parkstad and Wagerafeged to the
WO[ F RRSNJ doingprove$heBceelssiitiy) a 2 NE2 SN 6 KS wQ[ |
widely used method to identify solutions to accessibility problemdine with the problem
definition the followingresearchquestionis defined
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for different transport modes, and what is the applicability of these attributes per step of
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Therefore the objective is tdevelop a tool including relevant attributes with fesic scores

F2N) AYyOft dzZRSR | 0GNAROdzi Sa F2NJ Bhe @gearéhimsthdds2 T K
that are applied to identify accessibility effects are documentary analysis and expert
judgement. This reswdd in an overview of attributes that are most important per transport

Y2RS FyR LISN adSLI 2F GKS WQ[ I RRSNJ O yio + SNRI |
illustrate the working of the tool and see if the tool meets the expectations angrevide
recommendations regarding the applicability of the tool. The research method to visualize

the effects is a geographical information system (GIS).

Accessibility is a term which is interpreted, defined and operatiiaed in different ways in

the literature. Land-use and transport are two of the target components, which define
requirements of accessibility. The other two components are the temporal and individual
component. Ideally, all four components would be included in a definition of accessibility.
Howeverit is troublesome andoo complex to include all foucomponents equivalent.
Therefore,this research focusses mairdy the transport component and to a lesser extent
on landuse.

The WQ[  RRSNJ @Iy +SNRFIFaQQ Aa I OaryexaBibligdz f  F
possible solutions toraaccessibilitproblem ¢ KS  YIF Ay &a02LJS 2F GKS WQ]
is to see if the construction of new infrastructure can be avoided as much as possible with

other solutions(e.g. spatial planning, pricing policy mobility management)Examples of

I LILJXE AOF GA2ya 2 ¥ GdKS Utite [ dades REREhring | PérkstadSadR | | & Q ¢
Wageningen



According to Bakker & Zwaneveld (2009), Decisio & Transaction Management Centre (2012),
and Vervoort, Van der Ham, & Van Breem@015),attributes of the different transport

modes are divided into direct effects, indirect effects, external effects, and distributional
effects. On the basis of documentary analysis and expert judgement these effects are related

G2 0G0KS WwWQ[ I RRSNJ @Jthes shows iRtibriship® betveeth &ffScts KBt | NJ
implemented, and this forms, on the basis of these researches, an overview of the effects

that are important per transport mode and at each stepioK S WQ[ I RRS Ndav@l y + SN
time and travel costs ar for exampledirect effects that are applicable for each transport
Y2RS |yR SIOK aiSLI 2F GKS WQ[FRRSN @Iy «£S
integration toolprovides an overview of the effects that are applicable per transport mode
andateacli 1 SLJ 2F (GKS WQ[ I RRSNJ @Iy +=SNRIIAQQod

Accessibility effects are visualized regarding two pilots. These two pilots are (1) a new bike
connection between Mook and Cuijk and é3apacity extension ahe A67 between Venlo

and Eindhoven. Visualized are thiéeets before modification/construction, the effects after
modification/construction, and the effects of thetegration of both situations.

The new bicycle connection bringdook and Cuijk figurativelycloser to each other
Therefore residents of both municipalities can more easily use each other's facHyes.
comparing the situation before and after construction of the bike connection, theet

costs and health effects per trip are lower from Mook to Cuijk, becausediktance is
decreased and therefore the travel costs and health effects (in eurgoenkilomete) per

trip also decreaseRegarding traffic safety, it is importaat how many points of intersection
road users can come into conflict. On the basis o statement, traffic safety j$n the case

of the bike connection between Mook and Cuiksualized by the number of potential
conflict points. Therefore, lecause of the construction of theew bike connection the
accessible ares biggemwith the sane number of conflict points in the new situatiofhere

are also measures visualized r@dtto step 26 WQ C A Sandstdp 3 (priandization of
bicycle)2 ¥ (G KS WQ[ I RRFN@xaiple, baze8 bidtiavtelitid€) dthe new bike
connection enhancesi KS I OO0SaaAoAfAde FNRY az221 G2 [/ dzA
accessibility in all directiongbwever, to a lesser extent from Mook to Cuijk, because of the
barrier of the MaasBYy relating the effectto the costsjt can be concluded whichroject is

most costeffective. Therefore, the integration tool is a valuable method to provide
advanced insights into the effects of accessibility measurements and mobility policies for
different transport modes.

The distance between Venlo and Eindhovemrgsial in the situation before and after the
modification of the A67. Howevethe travel time will be shorter, especially during rush
hours. This brings Venlo and Eindhoven, by looking at travel time, figuratieslr to each
other. Regarding thellustrations, there can be concluded thatumicipalitieswhich are
located closer to the highway Agthe effects are biggeRegarding other effectdike travel
costs);a recommendation is to apply traffic model calculationgptovide more insightinto
the effectsof the capacity extensioaf the A67 between Venlo and Eindhoven



SAMENVATTING

Om de bereikbaarheid van gebieden nauwkeurig te ideetién en te verbeteen is er

dringend behoefteaan meer inzicht in de effecten van mobiliteitsbeleid veoerschillende
vervoerswijzen Meer kennis over dit onderwerp is nodig om effectieve interventies en
beleidsveranderingen uit te voeren. Bereikbaarheidsconcepten worden steeds meer erkend
om de effecten van maatregelen inbeeld te brengen Daarom zijn
bereikbaarheidsinstrumenten erkend als waardevolle ondersteuning voor ruimtelijke
ordening en transport. De meeste deskundigen zijn overtuigd van het nut van de
bereikbaarheidsinstrumenten in de praktijk, omdat ze nieuwe en relevaniehten voor

planners gaereren Bereikbaarheidsmaatregelenm de bereikbaarheid te verbetereijn in

casussa als Buitenring Parkstad en WageningeiNgef I 6§ SSNR Iy RS. WwQ[ I RI
. 20SYRASY Aa RS WYQ[IRRSNJ @Iy SNRIIF&aQQ SSy
bereikbaarleidsproblemen te identificerenin overeenstemming met de probleemstelling is

de volgende onderzoeksvraag gedefinieerd:

Wwo2 G T A2y NBESGIydS LINY¥YSGSNER YSiG 0SiGNB|
mobiliteitsbeleid voor verschillende vervoswijzen, en wat is de toepasbaarheid van deze
LI N} YSGSNAR LISNJ adl LI @y RS WwQ[ I RRSNJ gy +SNR

Daarom is het doel om een tool tentwikkelen inclusief relevante parametergn

realistische score per paramete@2 2 NJ St 1S GNI L) GFy ®B® WQ[ I R
onderzoeksmethoden die worden toegepast om de bereikbaarheidseffecten te identificeren

zijn Wocumentary analysi3en ¥xpert judgemen® Dit resulteert in een overzicht van de

LI Ny YSGSNE RAS LISNJ SN2 SNN¥ARRSIQ SAF yLISANJ @ (21 S
Bovendienzijn twee pilots uitgevoerd onde werking van de tool te illustrere@n om te

bekijken of de tool voldoet aan de verwachtingen en aanbevelingen te geven. De
onderzoeksmethode om de effecten te visualiseren is een geografisch informatie systeem.

Bereikbaarheid is een term die in de literatuur op verschillende manieren wordt
geinterpreteerd gedefinieerd en geoperationaliseerBlimtelijke ordening errransport zijn

twee van de componenten, waaragsen van bereikbaarheid zijn te definiéren. De andere
twee componenten zijn de tijdelijke en individuele component. Idealiter zouden alle vier de
componenten worden opgenomen in de definitie van bereikbaarhidet. is echtelastig en

te complex omop alle vier de componenten te focussen. Afhankelijk van het gekozen
perspectief ligt de focus altijd op één of twee component®aarom wordt in dit ondrzoek
voornamelijkde focus gelegdp de componentmet betrekking tot transport

5S WQ[FRRSN) @Iy +SNRI,dat geshikk id vo& Bey ondezoekesat dzS S
mogelijke oplossingen voor edrereikbaarheidgrobleem Het bestaat uizevenstappen die

zijn gerelateerd aan bereikbaarheidsmaatregeteet betrekkingtot bijvoorbeeldruimtelijke

ordening, prijsbeleidmobiliteitsmanagementen als laatste stapet aanleggen van nieuwe
infrastructuur. \6orbeelden van toepassgen zijnBuitenringParkstad eftwWageningen



Volgens Bakke& Zwaneveld (2009), Decisio & Transaction Management Centre (2012) en
Vervoort, Va der Ham, & Van Breemen (201&8)n de parametersvan de verschillende
vervoerswijzen onderverdeeld in directe effecten, indirectéeeten, externe effecten en
verdelingseffecten. Op basis vadocumentary analys3en WS E LIS NI  ZifzRE SY Sy i ¢
SFFSOGSyYy 35S NBdddei arbSWeiRagdQldy ond&3o&drertonen verbanden

tussende effecten die zijn onderzocht, esp basis va deze onderzoekens een overzicht
ontwikkeldvan de effecten die van belamijnper vervoeg A 21 S Sy LIS Mdder i | LI O
van VerdaaQ Refstijd en reiskosten zifmjvoorbeelddirecte effecten die van toepassing zijn
voor elke vervoerswijze en elke stap vand&dder van Verdags®™et betrekking tot de
andere parameters geeft de geintegreerde toaen overzicht van dparametersdie van
toepassing zijn per vervoerswijze bijelke stapk y RS WQ[ I RRSNJ g y

I+
w»
P
9«

Bereikbaarheidaffecten zijn inzichtelijkgemaakt met kehulp vantwee quick scansDeze

twee quick scanijn: (1) een nieuwe fiets verbinding tussen Mook en Cuijk ene&?)

capaciteitsverruimingyan de A67 tasen Venlo en Eindhoveklet behulp van kaarten zijn
de effectengeillustreerdalvorensde maatregel is toegepastie effecten néhet toepassen
van de maatregedn de effecten van de integratie van beisieuaties

De nieuwe fietsverbinding brenéook en Cuijk figuurlijk dichter bij elkaar. Daardtannen

inwoners van beideplaatsen makkelijker gebruik maken van elkaars faciliteitdbe

illustraties maken ook zichtbaar dat deiskosten en gezondheidseffectan de situatiena

aanleg van de fietsverbinaly, per reislager zijn tussenMook en Cuijk, omdat de afstand

wordt verkleind endaamee nemende reiskosten en gezondheieffectenper reisaf. De
verkeersveiligheids in beeld gebracht op basis van haantal potentiéle conflicppunten

vanuit Mook omdat bij verkeersveiligheiget aantal conflictpuntervoornamelijk \an belang

zijn. Door de aanleg van de fietsverbinding is ketbereikengebied met hetzelfde aantal
conflictpunten groter in de nieuwe situatie. ' y RS KIFIyR @Iy RQAWQ[ I RR
ook maatregelentoegepast die zijngerelateerd aan stap D WQCA Sénistalp 8 Yy QQ 0
(prioriteren vanfietsers)van deW Q[ I RR S NJ @Bij het verGeN&en Viade @ffecten op

basis van reiskosten vaWwQCA SGa L I yQQ Sy Pifding, kafitwsrden G y |
geconcludeerd dat de nieuwe fietsverbinding de bereikbaarheid verbetert tussen Mook en

Cuijk DoorRS Y I I G NB 3 Sviordtér Bexetkting lgdbikdyie® dezelfde reiskosten

groter. Dit laatste geldt imindere mate tussen Mook en Cuijk, vanwege de ligging van de

Maas. Met behulp van de kosten die aan de projecten kunnen worden gerelateerd, kan
gekeken worden welk projettet meestkosteneffectiefis. Hiervoor vormt de geintegreerde

tool een waardevollenethodiek om geavanceerde inzichten te verwerven.

De afstand tussen Venlo en Eindhoven is gelik in de situatie voor en na de
capaciteitsverruiminggan de A67De reistijdzal echter afnemeynen dt brengt bijvoorbeeld
Venlo en Eindhovengezien de reistjd, figuurlijk dichter bij elkaarDe effecten voor
inwoners vangemeentendie relatid veraf zijn gelegen van de A67 zijn de effackieiner.

Met betrekking tot andere effecten (bijvoorbeeld reiskosten en accijnzen), is er de
aanbeveling om berekeningevan een verkeersmodel toe te passen om meer inzicht te
verwervenin de effecen van de capaciteitsverruiming.






ABSTRACT

Earlier research mentioned that there is a need for more insight into the effects of mobility
policies for different transport modes. More knowledge on this topic is required in order to

plan effective interventions and policy changes. Accessibility cascepe increasingly
acknowledged as fundamental to understand the effects of measulescases like

Buitenring Parkstad and Wageningeccessibility measures are relateditocK S WQ[ F RRS NJ
+ SNRICKRDQWQ[ I RRSNJ @Iy +SNRI I awdich isAsiitable foO2 y OS L
examining possible solutions to an accessibility problem. The main scope is to see if the
construction of new infrastructure can be avoided as much as possible with other solutions.
Therefore the objective is tadevelop an integratin tool including relevant attributes with
NEFfAZGAO &aO02NXa FT2NJ AyOf dzZRSR I G0 NXorhel Sa F2
research methods that are applied to identifglevant attributesare documentaryanalysis

and expert judgement.

On top of that, by usingyeographical information systemgwo pilots are executedo
illustrate the working of the tool and see if the tool meets the expectations anorevide
recommendations regarding the applicability of the toAlpilot regarding tle construction

of the bike connectionbetween Mook and Cuijk present, based on the relevant attributes,
the differences between the situation before and after the construction of the bike
connection Moreover, the illustrations are compared regarding thdfexts of measures
NBflIGSR (2 RAFFSNBYy(d aiS.LEor egampleitkeSnewitdide I RR S N
connection(step 7)enhances the accessibility from Mook to Cuijk, and a measure related to
step 2 of the ""Ladder van Verdaas™~ enhancesatteessibility in all directiongbwever, to

a lesser extent from Mook to Cuijk, because of the barrier of the M&las.pilot regarding

the capacity extension beteen Venlo and Eindhovenpeesent the attribute travel time to
visualize the décts of thecapacity extension. Regarding the illustration of other effeats
recommendationis to apply traffic model calculations. Herewitithe integration tool is a
valuable method to provide advanced insights into the effects of accessibility measurements
and maility policies for different transport modes
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1. INTRODUCTION

1.1. Problem definition

Because of theontinuing urbanization of the world's population and the economic growth
of cities, spatial urban areas expand and new communities,, j@iosl services are
decentralized (Cuet al.,2016).Though existing transport networks have not developed at
the samespeedas urban growthand this has generatedor example isolated areas which
are more difficult to reach by thgexisting)transport systemgCuiet al, 2016).In order to
accurately identifythe accessibiity of areas and improve the accessibility of these places as
well as the accessibility of the cities as a whdleere is an urgent need to further
understand the changing land use structure and transport dah (e.g. Gwilliam, 2013).
Therefore information regarding effec of measurements (or policiesls needed to
understand whafattributes are needed to provie more insight into the effects of transport
policies in different transport modes.The same is valid for tools that support this
information generation andisualization

Accessibility is a key concept lemd useand transport policies, and infrastructurbased
measures ar@n important type of accessibility measurdtiao & Van Wee&016) Recently,
there has been a significant increase in the attention paid in hmihcy documents and
academic literatureto the robustness of the transport systefhiao & Van Wee, 2016)
However, there is not a maturkody of literature on the infrasticture-based accessibility
measures expressing this concept. Moreqvaccessibility is often a misunderstood, poorly
defined and poorly measured constru¢@Geurs & Van Wee, 2004Actually finding an
operational and theoretically sound concept afcessibility is quite difficult and complex
Therefore,land-use and infrastructure policy plans are often evaluateih accessibility
measures which are easy itterpret for policy makersind researcherssuch asravel speed
or congestion levelson the road network, but this have strong methodological
disadvantage$Geurs & Van Wee, 2004)

TheWQ[ F RRSNJ @Iy +#SNRIFIFAQQ Aa | ¢gARSt& dzaSR
(mobility) problems (Modijefsky & Vervoort, 2010). The scope is to deternfi goals of
infrastructure can be achieved by less drastic measwsesh as measures regarding pricing
policy and mobility managemenhefore considering more drastic measures (such as the
construction of new infrastructure)Several criteria can bederived to evaluate the
usefulness and limitations aiccessibility measures for different study purpgsdghough

there is no best approach for accessibility because diffesttniations and purposes demand
different approachegHandy& Niemeier, 1997)Suchcriteria, for example are described by

Black& Conroy(1977), Jones (1981) and Har&lWiemeier (1997).

According to Geurs & Van Wee (2004, accessibility measure should ideally takéo
accountall components(land-use, transportation, temporadnd individualcomponent)and
elements within these componentdherefore an accessibility measurghould firstly be



sensitive to changes in the transp@ystem. This mearthe ease for an individual toover
the distance between an origin and a destioa with a specific transport modeor
combination of modes including the amount oftime, costs and effort. Secondly, an
accessibility measurghould be sensitive to changes in the lamgk system, i.e¢he amount,
spatial distributionand qualityof supplied opportunities, and the spatial distribution of the
demand for those opportunities, anthe confrontation between demand and supply
However land-use changes natnly havea direct impact on accessibility but also an indirect
impact through the transport system.For example, more urbaraion in a densely
populated area might increase congestion levels, dhdrefore influence the ease of
travelling. Thirdly, a measurshould be sensitive to temporagonstraints of opportunities.
Finally, aneasure should takmto accountindividualabilities, @portunities and needs

These criteria should not be regarded as absolute but more in the line of what accessibility
studiespursue Applying the full set of criteria would imply a level of complexity and detalil
that probablycannever be achieved in practigé&eurs & Van Wee, 2004)his is because
different situations and study purposes demand different approaches in practical
applications However, it is important that the@mplications of violating one or more
theoretical criteria should be recogrezl and describedAccording to Geurs & Van Wee
(2004) four basic perspectives aneasuringaccessibility can be identified.

- Infrastructure-based measures
These measuresire analying the (simulated or observed performance orthe
service level of transport infrastructure, such as average travel speédlevel of
congestionon the road networkInfrastructurebased measures argpically used in
transportation planning

- Locationbased measures
These measures anaty the accessibility oflocations Locationbased measures
describe the level of accessibility gpatially distributed activitiesThesemeasures
are typically used in urban planning and geographical studies.

- Personbased measures
This measure type is founded by Hagerstrand (1970). According to his-8pece
geographymany types ofmeasuresare analying accessibility aindividual levé This
means the time budgets for flexible activitigsthe location and duration of
mandatory activitiesand travel speed allowed by the transport system.

- Utility-based measures
These measuresnalyz the (economic) benefits thapeople derive fromaccess to
spatially distributed activities. Thiseasuretype has its origin in economic studies.

In short, theexisting transport networks havbeen developedless detailed than urban

growth (Cui et al, 2016). Thereby there are many categories of measurestaken
(infrastructurebased measures, locatidsased measures, persdrased measures, and
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utility-based measures), buhiorder to accurately identify the accessibility of areas and
improve the accessibility of these places as well as thesadwéty of the cities as a whole,
there is an urgent need to further understand transport conditidesy. Gwilliam, 2013)
Therefore it is needed to understand wth attributes are needed to providemore insight

into the effects of transport paty indifferent transport modesaind whichtools can be used

to describe and visualize these effectsccessibility concepts are increasingly acknowledged
as fundamental to understand cities and regions (Silva, Bertolini, Brommelstroet, Milakis, &
Papa, 2017)The municipality of Wageningen and Wageningen Univerdity example,
launched studies and initiatives pbssiblemeasures to improve accessibilitylated tothe
WO[ I RRSNJ @I y HaskNIRDHV52201@)t thiswcaséyarfantsare createdon the
olFlaAra 2F (KS WQant R{aRING tieseyvariants MRraffieldted Qmpact
assessmenis developedtable 1.1). As illustrated in tablel.1, the effect acessibility idy
expert judgemenbnly scored as + of+, butaccessibilityeffectscan be described/visualized
more preciselyand therefore, regarding to the scope of the project, a much more advanced
choice can be madeAs a resultin this research, an integration toaicluding relevant

attributes with realistic scomfor included dributes for eacha G SLJ 2F G KS WwWQ[ |

+ S NR Will Be de¥eloped This provide astructuredview on wlich effects are applicable

for each transport mode and eaéhi SLJ 2F (G KS WQ[ I RRSNJ @Iy +SNRI

Table 1.1 Overview tré#fic-related impactassessmentWWageningen(Royal HaskoningDHV,
2014)

Ref. Variant Al Variant A2 Variant B1 Variant B2
Traffic flow 0 + + + +
Accessibility Wag URE0] + + ++ ++
Robustness 0 + + s ++

Ease of crossing/
bicycle safety
-N781 0 ++ ++ + +

- Nijenoord Allee 0 ++ ++ + ++

1.2. Research questiorend objective

Earlier research mentioned that there is a need for more insight into the effects of mobility
policies for different transport modegCui et al., 2016)More knowledge on tls topic is
required in order to plan effective interventions and policy chandémrefore the scientific
relevance of the thesis is to structurelevant attributes(in an integration tool), including
valuation regarding these effects.

Accessibility concepts are increasingly acknowledged as fundamental to understand cities
and regions (Silva, Bertolini, Brommelstroet, Milakis, & Papa, 20@7)ine with this
accessibility instruments have been recognized as valuable support toolantbuge and
transport planning. Silva et al. (201¢9ncludedthat most practitioners are convinced of the
usefulness of accessibility instruments in planning pracbeeausethey generate new and




relevant insights for plannerstherefore social relevaecis to represent the effects in a
fundamental wayto provide insight into the effects of accessibility measurek S WQ[ I RR S
gy =SNRFIFaQQ Aa | O2y OSLJidzZf FNIYSH2N] I 6K
to an accessibility problem. The macope is to see if the construction of new infrastructure

can be avoided as much as possible with other solutions.

As mentioned in the previous section, there are multiple aspects which influence users to
use a certain transport moddn line with the problem definitiorthe following research
guestionisdefined

WwO2 KI 0 I NB NXBega@ingyadcessitilily M@asudznedts and mobility policies
for different transport modes, and what is the applicability of these attributes pestep of
0KS WQ[FRRSNJ @Iy +=SNRI I 4QQK

In order to be able to answer thquestion stated above the following subguestions are
composed:

f WQ2KIFG A&a GKS RSTFAYAUGUAZY YR 2LISNIGA2Yy A
f WQ2KIFG A& GKS O2YLRaA MY RRBRI BLINIE A-CBI-NIRA f
O2yGSEG 2F STFFSOG aitdzRASaAKQQ

NE NBfSOIyd | 0dGNROGdzi SatepfoRthd S| OK
gy +=SNRII aQQzatriboyteR QK| 0 Aa | NBI

f wQ2KFG
WO[ I RRSNJ

1 4B® illustrating the working of the toolnothe basis of 2 pilotgJoesthe tool meets
the expectations andvhat are recommendations regarding the applicability of the
toolK Q Q

The djective is to develop a tool including relevant attributes with realistic scofer

included attributes foreacka Gt SLJ 2 F (G KS WQ[Thidkokl Qvilbedieafedon S NR I | 3
the basis of documentary analysls. addition, realistic assumptions regardingavailable

information will be generatedby consultingorofessionals in the field of traffic researdhis

assumed that they have actual knowledge regardingsthopics. Thiswill result in an

overview of attributes that are most importantper transport mode and per step of the

WO[ I RRSNJ OAftgr creaSnydhe intdgatbn tooltwo pilots will be executed by

using a geographical information systé@lS)to illustrate the working of the tool and see if

the tool meets the expectations and to proedecommendations regarding the applicability

of the tool.
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1.3. Research design

As mentioned before, the? Q[  RRSNJ @y +SNRFIIFaQQ Aa | GAF
solutions to accessibility (mobility) problems (Modijefsky & Vervoort, 200i%3re are many

possible measures to improve accessibiliglated to 4t KS WQ[ I RRS RIByGl y  + ¢
documentary analysignd expert judgement, relevant attributes will be processed in a
A0NHzOGdzZNBR &a2aidSY 6AGK NBIFIfAAGAO &d02NAy 3 LIS
+ SNRIIKBEQBD & (KS WQ[FRRSNI Gy + SandRutes @ign@ RS (S|
1.1). The aspects as a result of the documentary analysis concerning travelttigegher

with other influencing aspects (e.g. social aspects, environmental aspects) are used to design

an integration tool This will result in an overview of attributes that are most important per
transport mode and perstep ¥ (G KS WQ[ I RRSNJ gly +SNRIIaQQ

Accessibility concepts are increasingly acknowledged as fundamental to understand cities
and urban regiong(Silva et al.,2017) Therefore accessibility instruments have been
recognzed as valuable support tools for laude and transport planningBy using
geographical information systen{&IS) pilots will be executedllustrate the working of the

tool and see if the tooimeets the expectations and to prowwdecommendations regarding

the applicability of the tool

Conclusion
and
recommen-
dations

lllustrate
working of

the tool (two

pilots)

List of
relevant
attributes

Ladder van
VEIGEES

Integration
tool

Accessibility measure

Figurel.l Researcllesign

In short, the research can be illustrated as in figdrd. Firstly, thereare accessibility

measures and these measures ca@ related to the different steps ofktS WQ[  RRSNJ
+ S NR .| Thelie®®it is important to investigatehe composition and applicability dhe

WO[ I RRSNJ @0n/thesh&sNIgfldbcanie@annalysis, an integration toalill be

created, includingvhich attributes are applicablger transport mode andeachstep of the

WQ[ I RRS NJ Jlhe/workigghRheboiv@l Defillustrated on the basis of two pilots,

by using geographical information systems.




1.4. Reading guide

Chapter 1presentsthe introduction, including problem definition, research questions and
objective, research desigand finallythe report structure.

Chapter 2 of this reportorsists of a literature revievansweing the first and seconda dzo 1
guestion definedin the previous section. A clear overview of existing literature, previous
outcomes ofresearchesand relevanttopics which are already covered in current literature

is provided.Thedifferent sectionof this chapterare the introduction, transport policies for
RAFFSNBY (G GNIyalLR2NI Y2RSaz YSIEadaNAy3a I O0Saaa

Chapter 3describesthe adopted researchmethodology. The first section regarding the
introduction briefly discusses the research questions and the strengths and wealse$se

the chosen approach, includirggplan to address them. Theesond &ction regarding the

research approach is about the research methaded in this studyThe third section about
documentary analysis is about what sources and attributes iavestigdaed, and in the

fourth section these attributes are extensively described. The fifth seghi@sentsthe

integration tool includingthe attributes that are applicableper transport mode and e#&c

A0S 2F (KS WQ[ Th&iRéymdonZtboyforms & Niohg: basCiap future

research and provides the most important attributesncerningthe different transport

Y2RSa G GKS RAFFSNBy(d aidsSLa 2F GKS wQ[ F RRSN

After describing the methodology, theorking of theintegration toolwill be illustrated on
the basis of two pilots. Therefore chapteodtlinesthe application othe two pilots. Firstly,
the bike connection between Mook and Cuijk will be evaludigdisingthe integration tool
Secondlythe capacity extensiorof A67 between Venl@and Eindhoven will be evaluated.
Based on these pilotexpectationsand recommendtions will beprovided regarding the
tool.

The last chapter, chapter 5, is regarding the conclusion, including éhergl conclusions
and the gnerd discussion and recommendatians
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2.LITERATURE REVIEW

2.1 Introduction

The length of the motorway network increased from around 300 km to 1500 km in the
period between 1960 and 1975 (V&W & VRO, 1977). Moreover, personal mobility
maintained itsgrowth in the Netherlands in the period after 1975 (Heeres, Tillema, and Arts,
2012). Therefore Dutch personal mobility doubled in the period between 1970 and 2000,
and transport mode car accounted for 70% of the kilometers traveled. For the piadod

now until 2040, acontinuation of themobility growth isexpected. Though, the growth will

be weaker due to demographic developments (CWHBIP & RPB, 2006). Realization of new
road infrastructure was, and is still needed to accommodate this continuous tyobili
growth. However, the increasing public awareness of growth and environmental issues since
the early 1970s (Club of Rome, 1972) created public attention to the (negative) effects of
increasing car traffic, which used to be only positively valued. Pobliosition against
infrastructure projects increased enormously, due to the attention paid to the effects of
both traffic (e.g. safety and pollution aspects) and physical infrastructure (e.g. effects on saill,
nature, landscape, and heritage).

In the 1970s the mobility growth started to cause considerable delays, together with the
economic and financial impacts of the oil crisis (Heeres, Tillema, and Ar®), Bétause of
new circumstances and the growth of road infrastructure, the infrastrucplamning system
required adaptation (Van der Heijden, 1996; Struiksma & Tillema, 2@@hparableto
developments observed in the environmental policy sectbere are two developmentin

the infrastructure planning systenmternal and external integraan (De Roo, 2003).

Internal integration of the t@ffic and transport sector haseen appliedafter the declining
public support regarding lineriented road infrastructure planninfHeeres, Tillema, &rts,
2012). Thiswasthe casebecause acommodating for the increasing personal mobility needs
in the Netherlands could not be achieved only by the realization of additional road
infrastructure.Internal integrationis a process of integration of several components within
the transport and trafic policy sector (De Roo, 2008pr example the ainsto improvethe
attractiveness ofpublic transport (V&W& VROM, 1988)According to De Roo (2003),
external integration is a process of integration with other policy sectors. In road
infrastructure planing this would imply an integration of infrastructure policy and planning
with related policysectorslike air quality

The internal integration trend has developedurther. For example, the network approach
considers the coherence of the road netwdik&W, 2004)In line with this, he aim of the
Department of Public Works ®&/ater Managemen(Rijkswaterstaat) i$0 position users of
the road infrastructure network central to its operationsijkRwaterstaat 2004). The main
ambition of the operationss to improve the traffic flows on the road infrastructure network,
as experienced by the userBhereforeit is important to manage and consider the main road
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infrastructure network and underlying roadincluding railways and waterwag) as one
coherent tansport systemThis publieoriented strategyis a process of internal integration

It requires close cooperation with managers of other transport networks (Van den Brink,
2009).

Ly G(GKS LRtA0Oe WQaz2oAf xhé éetwbrkIJapdachOWa® Qurthér+ g 2 >
developed by optimizing connections and opportunitseghas the establishment of parallel

lanes on highwaysThe policyaims at achievwng a robust mobility system of high quality.

Some members of parliament insisted tigh a manifest \(erdaas, Slob, Hofstra&

Mastwijk, 2005) for a further extension by going through seven steps in decision making on
infrastructure.This extension is namabde W Q[ F RRSNJ @Iy +*SNRI I A4QQd

TheWQ[ F RRSNJ @y +SNRI I & QQideitify solutions XoRcBelssibilitydza S R
(mobility) problems (Modijefsky & Vervoort, 2010). (is@dpe is to determine if goals of
infrastructure can be achieved by less drastic measwgesh as measures regarding pricing
policy and mobility managemenbefore considering more drastic measures (such as the
construction of new infrastructure)Construction of new infrastructure shouldnly be
considered whenpolicies regarding travel behavior, or better utilization of existing
infrastructure (with minor nodifications)are not the appropriate solution

The rext section is about transport policies for different misgport modes (public transport,

car, and bike). The section about accessibility measurement starts with an exploration of the
concept of accessibility. Accessibility is mudterpretable, which requires a substantiated
definition and operationalization. Accessibility is analyzed ispoase to the various
components and accessibility measures, as proposed by Geurs & Van Wee (2004). After
conceptualizing accessibility, the focus shifts to travel behavior asggrtsmechanisms
(section2.3.2). Section2.3.3providesan overview of thevarious ways in which accessibility

has been measuredon the bais of Curtis & Scheurer (2007Mhe last section of this
paragraph(section 2.3.4.)s about accessibility evaluatioBection2.4 presentsthe setup of

WO[ I RRS NJ @Finglly pargghaphl-216sir€y&xding theonclusion

2.2. Transportpolicies for different transport modes

This paragraphevaluates several transport policies for different transport modes

respectively for transport modepublic transport,car, and bike The last paragraphof this

section is about spatial mobility poligybecause spatial planning $i@always played an
important role in transportation policy.

2.2.1. Public transport

The description of public transport starts with a view on railways.féhewing issues are of
importance when considering plic transport in this study: capacity texsion, safety,
accessibility, participatigrandthe impactof more public transport
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Railwaycapacity extensiohas a positive effect omobility and accessibilitygut at relatively
high costs(CPB &PBL, 2016)herefore,capacity extensions usually socially unprofitable.
Passenger transport by trains has a lower impact than passenger transport bipatér$or
the environment and trdic safety It depends on the number of new passengers who
previously traveled by car, by bike and/or did not trawdlether an extension of the ralil
network is beneficial for the environment arnchffic safety In many caseshe balancewill
have a negave impact on the environmen{CPB &BL, 2016)

Measures to further improvedraffic safety of public transportprovide little safety gains
compared to the costs associated with this. Investmemts safer crossings that
simultaneouslyprovide travel time gains are sometimes socially profitable. Examples of
measures that can cosffectively improve accessibility are selective, mostly smaller
projects to better use the existing railway infrastructute,improve pre- and posttransport

(to achieve a relatively high profit), and the replacement of single tragith a low
occupancy by a bus.

To improveaccessibilityinvesting in local public transport (bus, tram, metro) is more -cost
effective than expanding railway infrastructure. Pautarly selectivesmallscale projects

can increase accessibility ceftectively. The effects otraffic safety and the environment
depend on the situationA lower frequency of bus or tram outside rush hpom routes with

low capacity utilizationis expected to be beneficial to thergsperity. This idecause it
reduces costs while not substantially decreasing accessibility by public transport. Public
transport in cities can be more efficient in places with fewer stops and a less dense network.

Many policy documents and programs have an impatrtale in public transport irensuring

that everyone carparticipatein society. Groups thatmore than othersare considered to

rely on public transport are elderlylisabled students, households with Yo income, and
people without aR NA @i&hsR 3However, research shows that most benefits from the
public offering reach the higher income groups. This is especially the case for the train.
Moreover, disabled and elderly seem not to be depending on pulilansport above
average. Except 'older elderly’ who are no longer able to travel by car or (electric) bike.
There are effective ways to promote mobility of these groupsinvesing in public
transport. Applyng grants can play a useful role, such as enthly credit on a transport

card

In practice,the impactof more public transporseemto be limited to solvecongestion,
becauseof the low tradeoff between public transport and car transport. The provision of
local public transport can lead to a decrease in congestion, but this effect rggstgbin the
cities themselvesinvestments in public transport especially lead to nespthcements and
less use ofhe bike. Car use, howevedbarely decreases. Thereforehere is an increase of
negative effecton quality of life(emissions, noise disturbance, and traffic safety). Although
at public transportthere is per kilometer traveledless environmental damage arldss
accidents happetthan in car. h many casesnvestments in public transpotiave a limited
negative impact on the environment. Measures that combine an improvement in urban
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transport by discouragg car can turn out a quite positive balance for the environmént.
varies per situationd what extent such measures make a positive cbuotion to social
prosperity.

2.22. Thecar

The description ofransport mode castarts with a view ornthe impact of capacity extension.
Looking at the car, most important issues a@acity extensionnew road infrastructure,
pricing policy, and@ccessibility

Travel times will be shorter arttie travel time reliability will increase bgapacityextension
of the main road network (CPBRBI. 2016).The effects of the construction or widening of
roads ardower in the long ternmthan in the short term This idecause aapacity extension
also attracts new traffic. Moreovelin general,capacity extnsionleads to an increase in
emissions and noisédowever these effects are relativelymallcomparedto the travel time
gains. The effeston traffic safety can be either positive or negative.

The total osts of manynew road infrastructurerojects are relatively high, often due to the
high integration costsCarrying out new projects wilbnly lead to prosperity gainsif the
congestionincrease substantially(CPB & PBL, 201&) also applies to some of the projects
considerel in  Multrannual program Infrastructure, Space and Transport
(Meerjarenprogramma Infrastructuur, Ruimte en Transpaitpreviated:MIRT). Additional
social cosbenefit analysigSCB#) of these projects can helpy prioritizationand seleabn
of the projects.

Regardingpricing policy higher fuel taxes lead to less car use, a decrease in accessibility
(because driving is expensive), less congestion, fewer emissions and noise, and fewer
casualties. An increas# fuel taxesalso has a negative impact on the poasing power and

the economy, and provides probably more tax revenue for the governntemthe effects

on traffic safety, emissions and noiganatters where someone is driving, with which fusl

used, wihat type of vehicleis usedand what age of the ehicleis. The fuel taxes for road
usersare averaged over all fuels, model cars and places where driving arsiméalance

with the social cost of emissions, noise and road safety (in monetary terms). In other words,
the polluter pays. Therefore an omadl substantial increase or decrease in taxes is not
obvious.

There are other measures pabte to improveaccessibilityon the main roadnetwork. These
measNBS & | NB dzy RS Nise {{otter) igfornvaon andl inné\@tich Examples
include theintelligent management and design of road infrastructure, encouraging changes
in behavior among road users, but also to facilitate intelligent transportation and
information systems.An important part of these measures fsund under the Better
Utilization Program of the Ministry of Infrastructure and Environment. In this program
innovative solutions are searched fao, reduce travel time for the main traffic bottlenecks
during rush hours. Several measures in this program seem to lead to less congestion.
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Some measures improve accessibility at relatively low cost, aachdjustment oftraffic
lights. Formany measures, however, information about the costs is insufficiently accessible
(CPB & PBL, 2016). Therefore there is need for a better understandthg oélationship
between the cost of these measures, applid@pin different situations and the impact on
accessibility. When information about this is more accessilpimsperity enhancing
measures can also be applied to other locations.

2.2.3 Thebike

Cycling is good for the environment, health and accessibility (CPB & PBL, 2016). Thereby the
health benefits are bigger than the decreasetuffic safety. A switch from acaor public
transport to bicya produces social benefits. Therefore both denmeaningful for national
government and for local authorities to promote cycling measures.

Taxincentives forbicycle can promotéo switch from car or public transport tbicycle(the

so-called modal split) at commutingCPB & PBL, 2016Moreover, users show high
appreciationfor fast cycle routesBy creating certain fast cycle routes, a connection is made
between urban areas by means of a high comfort bicycle facility. Although there is a growing
attention for cycling, there still exists®] y2 6f SR3IS 3 LIQ sKSYy O2yaAiR:
of new or improved bicycle infrastructure (Van Overdijk, 2016).

To stimulate theuse of public transportit is also important to improvepre- and post
transport. Therefore for example ibycle facilitis ae importantat a train station, because
40 pecent of the pre-transport and about 15 percent of th@osttransport of rail travel
takes place by bike.

2.2.4. Spatial mobility policy

Transportation and mobilityssues havalwaysplayed an important rolen spatial planning

in the Netherlands (Snellen, 2003)ice versa, spatial issues haamtinuouslyplayed a role

in transportation policyAccessibility is both dependent on the spread of activities, as well as
the available transport system (Geurs &n\VW/ee, 2004)Therefore ransportationpolides

and the spatial structurare important for a welfunctioning transport systeniCPB & PBL,
2016) Long distances between home and woekjuire longer tripslonger travel times, and
lead to more traffic on the road. Concentration of housing, facilities and/or jobs nearby
nodes public transport and/or roads)rovides easier access tealisticnetworks. A well
functioning planning policy ensures optimal ltoas offered for various activities, such as
residenceand work. The impact on mobility and accessibility is one of the factors that should
play a role in planning decisions.

Various instruments(like spatial planningland measures can be deployed to create
strategies.These instrumentganincrease the concentration of activitigthe accessibility of
destinations, and reduce car udeor example, @ancentration leads to an increase in public
transport and bike use, whicim turn leads to less environmental damage. An increase
bike use is generally detrimental to road safety, but the health effects are positive and
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outweigh the disadvantages fdraffic safety (CPB & PBL, 201@)and development along
highways leads tanore car use, whereby congestion agavironmental damage increase.

A more effective and efficient coordination between infrastructure and urbanization can be
achieved by combining the financing of infrastructure and sp@eB & PBL, 2016)his
could include adjusting the Multiannual program Infrastructure and Transport (MIT), so that
funds can be more easily used for spatial solutions to mobility problems. It would also create
better decision/responsibility concerning spatial and mobilitglicy, for example at the
regional level, or at a private partyVith spatial choicest is importantto take sufficiently

into accountthe implications for the mobility, accessibility and transport infrastructure.

2.3. Measuring accessibility

2.3.1. Definition of accessibility

This section starts with an exploration of the concept of accessibility. Accessibility is multi
interpretable, which requires a substantiated definition and operationalizafidtme meaning

of accessibility is very widelyt contains time accessibility, spatial accessihilapd even
involves psychology and sociology. Much of the literature grasideddifferent definitions

and calculation methods from a different perspective. As proposed by Geurs & Van Wee
(2004), acesibility is analyzed in response to the various components and accessibility
measures After conceptualizing accessibility, the focus shifts to travel behavior aspects and
mechanisms.

Accessibility is a term which is interpreted, defined and operatioadlin different ways in

EAGSENI GdZNB® 1 yasSy omppdhd RSEONAOGSE | 008544
AYUSNI OGA2YyQQs 51t @A FyR alNIAYy o6mdpTtceo YSyi.
use activity can be reached from a location using LJI NI A Odzf F NJ (0 NI y & LJ2 NJI

recently the impact of accessibility on socigyhighlighted by looking at the opportunities

for participatian in activities of individualslhe more sites can be reached within acceptable
time and coss, the higherthe potential for interaction (more time and or money available,
whereby making more possible), and the number of activities which pes ®o participate

on (Geurs & ®n Wee, 2004; Handy & Niemeier, 1997). However accessibility is highly
dependent on thespatial distribution of activities. After all, in genenralcations where little

or no activities occuare less attractiveln addition, the attractiveness of a location also
depends on the size, quality and type of operations that can be deployed .tivost
activities are clustered in urban networks, suchtlas Arnhem Nijmegen City Region. These
areas want toreachmany individuals at the same time, so the transport system should be
used. Thus, accessibility is both dependent on the spread of ags$i\{spatial planning), as
well as the available transport system (mobility). This emphasizes the bond between both
sectors.
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Figure2.1: Relationshipbetween compoeants of accessibility (Geurs &ivWee, 2004)

Figure2.1lillustrates the relationships between components of accessibfipatial planning
(landuse)and transport system (transport) are two of the target components, which define
requirements of accessibility. The other two components are the temporaliadigidual
component (Geurs &ah Wee, 2004).

- Landuse component: spatial component consisting of the number, quality and spatial
distribution of activities at each destination, as well as the demand for these activities at the
source location.

- Transpot component: mobility component, expressed in the effort (disutility) it takes for
individuals to bridge the distance between origin and destination using a particular mode of
transport. They include the time (travel, waiting, and parking), costs (fixddsanable), and
effort (reliability, comfort, accident risk).

- Temporal component: time constraints both have the number of available activities at a
particular time and the available time individuals have to participate in an activity.
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- Individualcomponent: personal component, including personal needs (depending on age,
income, education, family situation), options (depending on physical condition, available
modalities) and opportunities (depending on income, travel budget, education, lete@) of
individuals. These personal characteristics affect access to both the transport and the spatial
distribution of activities.

The components are, as can be interpreted logically from the description, also connected to
each other. The landse component @ead of operations) is for example a major part of
influence on transport component (demand for movements). In addition, this component
alsoprovides temporal restrictions, and it also influences personal characteristics (individual
component). The indidual component affects all other components. The individual
component determines the time available (temporal component), the procedures dahat
personcan and wants to use (transport component) and also the activities that can be
achieved within personalinhitations (anduse component). Geurs andan Wee (2004)
further distinguish a number of feedback loops. For example, an increasing number of
activities may lead to an increase of the individual possibilities, for example, one gets a
better job thus redummg persona(financial)limitations.

Ideally, all four components, as a result of the above relations, would be included in a
definition of accessibility. HoweveGeurs &Van Wee (2004) descriltbat it is troublesome

and too complex to include all foucomponents equivalent. Depending on the selected
perspective, the focus is always on one or two components above the other components.
Therefore there are developedour appointed accessibility measures whigpresentmore

or lessall components (Geur& Van Wee, 2004). More or less is in this an important nuance.
The infrastructurebased accessibility measyifer example doesnot take into account the
spatial distribution of activities and therefore has no lamke component. Besides that, the
tempord component is not explicitly included in the persbased accessibility measure.
Only implicitly this component comes back, for example, because accessibility is measured
both inside and outside rush hour. The individual component will be included ipdfson
based and utilitypased accessibility measure, while in the other two accessibility measures
this component is less prominent.

2.3.2. Travel behavio aspects and mechanisms

Urban form, socia@lemographic factors, and psycisocial factors can play a part in
influencingA Y R A @ aRalzbehavi@. Researctegardingthe influence ofurban form
shows that higher density land use with mixed zoning and greater accessustainable
transport modes is more likely to prore sustainable travel behavior thalow density,
single useland zoningCurtis and Perkins, 2006).

In addition, varioussocicdemographic factors also appear to play a part in determining

LIS 2 LJX S DBehavioNFo@d&ample, @search shows that aspects such as household
composition, gender, age, income, and car ownership all influence the choice of travel mode
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and duration and length of the journey. Gender and household composition appear to be
less inportant in influencing travebehavia, but the other factors are significant.

A variety of psychsocial factors also influence travel behavior, including travel choice. The
destination influences the choice of transport mode and trip distance (Tilmialorritsma,

2016). For example if a residential location is well served by public transport, but the work
location is not, public transport is not a good option fmwmmutingtrips. Availability of

parking lots, parking fees and costs of public trans@se other important aspects. This

partly determines the attractiveness of (the use of) certain different transpoddes
Psychasocial variables such as the perception raasculinity, power, andsafety are

significant determinants of travel behavi@Culinane,2002 Hscock et al 2002. Sothere is

a perception that a car can increase social standing in society and protect from the more
Wdzy RS&AANI 6f SQ 2N WS OO0 fGGiishdPerkimz2®6)B 2 F LJdz f A O

To conclude on the relative fluence of urban form variables, soai@mographic and
psychesocial factors is difficult There is considerable variability in choice of variables
measured in influencing travel behavior, as is there variability in the way in which survey
sampes controlfor these variables (Curtis and Perkins, 2006).

2.3.3. Accessibility measurement

The purpose of this part of the paragraph is to provide an overview of the various ways in
which accessibility has been measurefippendix A shows a seveiold classification
according to Curtis and Scheurer (2007). The seven categories are: Spatial separation
measures, contour measures, gravity measures, competition measures,-spate
measures, utility measures, and netwarleasures

- Spaital separation measures
According toGeurs & Van EqR001), the spatial separation model identified by Bhat
et al. (2000) can be categorized as an infrastruchased measure. Physical distance
between infrastructure elements is only used as input, and therefore this model is
suitable for the analysis ofodes and network structures (Curtis and Scheurer, 2007).
Behavioralaspects of travel choices atepwever, not taken into account.

- Contour measures
The element of travel timas prominently usedn the composition of the indicator,
and defines thresholsl of maximum desirable travel times for different types of
activities (Curtis and Scheurer, 2007 erewith catchment areas of jobs, visitors,
customers, employees, andther travders are mapped out as contours rfeeach
node under consideration.
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- Gravity measures
The gravity model treats every transport user within the study area equally and
disregards variations in individual preferences in relation to the desirability of
activities (Baradaran and Ramjerdi, 2001).

- Competition measures
Competition measures ncorporate capacity constraints of activities and users into
accessibility measuréCurtis and Scheurer, 2007)hese measures are relevant to
station areas, because station areas also accommodate activitgrsent

- Timespace measures
Timespace measuresare about travel opportunities within predefined time
constraints and focus specifically on spatene paths, or the timebudgets, of
transport usergCurtis and Scheurer, 2007)

- Utility measures
Utility measures are regardirgpcietal or mdividual benefits of accessibilitin order
to look at accessibility from different perspectives and get a weighed overall picture,
the utility approach is the best way to measure accessibility (Groot et al., 2011).

- Network measures
Porta et al. (2006)take the investigation of accessibility to the level afalyzing
entire movementwithin networks. The primal approach and the dual approaate
the two approaches, which are based on the ideaéfion of nodes and edges as the
twin components of any network.

Bertolini et al (2005) recommend the use of a contour measure based on travel time and/or

a travel cost measure that takes into accotme effects from measuresociodemographic

factors andtravel purposegfor exampleroad pricing. The limitations of sharply defined
isochrones for mapping individual travel decisiomse in real lifemuch more spatially ah
temporarily fluid (Curtis & Scheurer, 2007hey suggest the consideration of a gravity

based measure that can shownaore gradual decline of attraction utility with increasing

travel time and cost(Curtis & Scheurer, 20077s explained in the first section of this
paragraph,Geurs &Van Wee (2004)describedseveral perspectives on accessibility into
common measurementsr, failing that, the application of several accessibility measures in

the same context. The authoexcknowledge K2 g S@SNE (G KIF G W LILIX @Ay 3
would imply a level of complexity and detail that can probably never be achieved in
practiceQlIn a discussion on feedback effects between different components of accessibility

(land use, transportation, temporal, individual), it is pointed out that land use densification

Y& NBadzZ & Ay 3ANBFGIGSNI G§NI FFAO iliydoyad SdividdaR y | Yy R
G2 O2@SNJ GKS RAalGlIYyOS 0SG¢SSYy F+y 2NAIAY | YR
(Curtis & Scheurer, 2007).
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2.3.4. Accessibility evaluation

Accessibility impacts dfansportand land usechanges, for example, those die policies,

are oftenevaluatedby using accessilily measuresHerewith plicy makersand researchers
can easily operationa® and interpret the impact but this doesgenerally not satisfy
theoreticalcriteria (Geurs & Van Wee, 2004).

According to theNetherlands Commisaiofor Environmental Assessmer20l1) in the
exploration phase it is sufficient if the arimation provides general insight into the effects of

and diffelences between the alternative§ he level of detail of the eftd determination
should be consistent with that decision. In the broad exploration it is batiemse expert
judgement, rules of thumb and simple modeldhere possibleUse detailed calculation if
needed to achieve sufficiently substantiated conclusiond ahoices between alternatives
(Netherlands Commission for Environmental Assessment, 2011). It is important to manage
the associated risks of uncertainties which are inherent effect determinations and to explore
the possibilities(Draaijers et al., 2013)his can be realized by setting measures that are
usedwhenthe actual effectsvere more negative than the predicted effects.

Sveral methods have been developed to evaluate transportation plans (Pyrialakou, Gkritza,
& Fricker, 2014). For example, Golabd Martens (2014) proposed an accessibitiased
approach to evaluate transportation projects. Specifically, the authors focused on the
differences in access to employment opportunities between automobile and public
transportation users and accounted ftww-income and minority populations. In another
study with similar goals, Manaugh and-G#neidy (2012) suggested a methodology to
evaluate the equity impacts of proposed projects in Montreal, considering both accessibility
and mobility changes that therpjects will bring, as well as the projects' effects on spatial
mismatch. Specifically, the authors evaluated scenarios before and after the implementation
of the projects that involved changes in accessibility to suitable employment opportunities
that sodally disadvantaged populations have, changes in travel time to employment centers
by transit, and changes in time savings.

24. Ladder van Verdaas

Before making adjustments to the infrastructure, there is much to be gained by measures to
ensure thatthere are fewer traffic movements @& den Berg et al., 2016). Spatial planning
plans aimed at creating shorter distances between home, work, and services. People change
their behavior with price incentives: pricing of parking and temporary provisionveanes

for good behavior such as avoiding rush hour and cyclma@ddition, this involves the
largest employers take responsibility by starting with an active program for mobility, with
the aim to reduce traffic pressure. Also, it is known that this ieff@ctive means\(an den

Berg et al., 2016).

There are several options to sohaccessibilityproblems (Netherlands Commission for
Environmental Assessment, 2011). Options may be new infrastructure, but also otherwise,
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modification or better utilization of existing infrastructure, or other or additional public
transport. Thereforethe YW Q[ | RR S NJ (dffefs a €dhdepual fiarfe@ork, which is
suitable for examining possible solutions tao accessibility problem (CROKpVV, 2016)
This ladder has sevesteps. All the steps can, whether or not in combination, contribute to
solving the problem.

The main scop€ ¥ G KS WQ[ I RRBNJ sge iff the+cBnstRittionao Hew
infrastructure can be avoided as much as possible with other solutions.

ThereB NBE (1 KS WQ[ | RHasSseverZsteys, of vihNtRthel last@i@e, the seventh is

about new infrastructure. The attention to steps 1 to 5 is often insufficient. Therefore policy
makers and administrators have to pay more attention to these steps. ptiens of the

WO[ F RRSNJ @Gty +£SNRIFaQQ IINB ONBFGSR o6& I YOoA
drivers will have taadaptto the ambition. For example, if motorister everyone in seven

trips do not use their carshere is no need for new roads.

Prior to invest in a largecale project (like Buitenring Parkstad) it is desirable to first
determine whether problems can be resolved in a different and/or ldsastic way
6az2RA2STale 3 SNB22NIZI HaAMALDd ¢KSENBFEANSS
Buitenring Parkstad. Buitenring Parkstad is a projguth isa combination of the lst three

aiSLa 2F O KSNRO[FEARMSIINICEKISY NP dzjadly rén¥ on.exisfing Sy NR& y
roads where measures are taken to utilizdetter and b expand capacity. In addition, new
infrastructure will also be realized3ecause the? Q[  RRSNJ @I gpplied SR | &4 QQ
combination ofbetter utilization exensionand construction of new infrastructure appears

to be the most appropriate approach to address the problems outligesides that, the

WO[ I RRSNJ @ uségdinWaderrigéndoB@ve acdessibility problems by evaluating all

steps of theW @dder varvVerdaa$2(Qoyal HaskoningDHV, 20Mgn den Berg et al., 2016).

¢ KS WQ[ I RRS MugadinfWageSing#tds & guieCfor measures to be taken and
regardingphasingAs a resulta lower financial investinig required andgreater efficiencys
achieved(Van den Berg et al., 2016).

Different interventions are available to reduce negative effectsttumtraffic flow, safety,

and environment. These available interventions are categorized in seven steps, inspired by
0KS WY IYR RESNNRdaksi 2005 Thie YWdder van Verda&R an accepted
method to systematically pass through possible interventionsaimmobility question
(Ammerlaan2012). The methodologgims at weighing solutions aral/oidng constructing

new or extending existingnfrastructure as much as possible by applying alternative
solutions. An overview of the seven different (alternative) steps is shown in f&gire

As illustrated in figure2.2> (G KS FANRG &aGSL) 2F GKS WwWQ[ Il RRS
planning. The second step is regarding pricing policy, and the third step is about mobility
management. The fourth step is about optimization of pulgéind active)transport. Next

steps are egarding better utilization and modification of existing infrastructure. The seventh

step is regarding the construction of new infrastruguNext sections describe ateps.
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New infrastructure
Modify existing
infrastructure

Better utilization of

existing infrastructure

Figure2.2 Ladder van Verdaas (based on Verdaas et al., 2005)

1. Spatial planning
Spatial planning can structure the demand for mobility (Netherlands Commission for
Environmental Assessment, 2011). Siting, scale, and density of buildings, restructuring and
function mix affect the movement of people and goods. In pcag it seems that theres
room to arrangee.g. housing, recreational facilities, and business palikgrently. The
essence of spatial planning measures is that the search locations for spatial programs are
seen as much as possible from the accessilili an area (Modijefsky & Vervoort, 2010).
Integrated area development can contribute to the maintainability of the mobility and
mobility problems in an area. Measures in spatial planmfigr opportunities especially to
avoid areas in future accessityl and livability (Modijefsky & Vervoort, 2010possible
measuregegarding spatial planningre:

- Minimizingdistances between activities (livimgvorking¢ facilities)

- Direct connections between important nodeléring ¢ working ¢ facilities (eg. public

transportand bicycle facilities)

A

- tNRY23GS WEAQGAY3A YySIEN GKS g2N)] f20FGA2YyQ

2. Pricing policy
Pricing policy measures influence the behavior of road users (Netherlands Commission for
Environmental Asessment, 2011). Even withonational policy, thee are local and regional
measures possiblé-or example toland variable parking rates. Several studies show that
differentiated pricing policyin place, time, and vehicle categgrgas positive effects on
accessibility (Netherlands Commission for Environmental Assessment, 20thgr
examples of possible measures are

- Introducing paid parking

- Reward employeestavoid the rush hour

- Promot cycling through fees for bicycles andi&es




3. Mobility management
Mobility management can reduce car use and includes a range of measures aimed at
influencing modality and timing of movements. Studies show that mobility management can
often reduce,but not solve accessibility and quality of life issukmbility management
measures often have a different impact on different types of travelers (commuting, business,
school traffic, leisure traffic, etc.). However, studies on the effects of mobilityagpgament
measures mainly relate to commuting and do not always relate to the effects of other types
of travelers (Aalbers, 201 1Bxamplesof mobility managemenieasuresare:

- Promotion and facilitation of homeand teleworking

- Avoid rush hourshrough flexble working hours and distribution of lecture times

- Stimulating and facilitatingother forms of sustainablgransport for staff and

students

4. Optimize public (and active) transport
Optimization of public transport and bike infrastructure can contribute significantly to
improve accessibility (Netherlands Commission for Environmental Assessment, 2011).
Thereforea wellstructured public transport network ignportant. At city and regioal level
cyclingcompetes with other transport modes (Netherlands CommissionEiavironmental
Assessment, 2011possible measurdsr optimizing public and active transpaate:

- Easily accessible bus stopgludingimportant facilities

- TransferigPark & Ride)

- Realizatiorof Bike Share Points

- Improvement of existing and new bicycle routes

5. Better utilization of existing infrastructure

In the case of better utilization of existing infrastructure, the scope is to increase the
cgpacity and qualitywithout (much new asphalt (Modijefsky & Vervoort, 2010). Better use
of the existing road network provides capacity gains without having to take drastic physical
measures. Examples are speed reduction artdrekng theuse of thenumber of lanes.

6. Modification of existing infrastructure

Modify existing infrastructure means that the capacity of existing roads increased
substantially. Such measures contribute to the achievement of objectives regarding the
promotion of a traffic flow and reduction ofdffic diversion. Widening existing roads, as well
as a better use of existing infrastructure, in theory, can result in undesired effeciaaity

of life, because more traffic will utilize the connection.

7. New infrastructure

The construction of new infrastructure may be an appropriate solution to accessibility
problems, but will also lead to problems regarding the quality of life and safety. Additional
road capacity can improve the flow of traffic or create a new fastaferroute. Depending

on the location of the new infrastructure, this may result in a better quality of life in areas
that are relieved by the new infrastructure. On the other hand, it is the most drastic measure
2T 0KS WQ[FRRSNJI @Iy +#SNRIIFaQQo

28



25. Conclusion

As stated in chapter 1, there is a need for more insight into the effects of mobility policies for
different transport modesIf the scope ofmeasures is related to accessibilitythere isa
possibility to compare the effects of the meassmn accessibility.

Accessibility is a term which is interpreted, defined and operatized in different ways in
literature. Landuse and transport are two of the target components, which define
requirements of accessibility. The other two components #re temporal and individual
component.ldeally, all four components would be included in a definition of accessibility.
However it is troublesome and too complex to include all four components equivalent.
Therefore,this researchfocussesmainly on the transport component andat a lesser extent

on landuse. Factors that can play a part in influencing trakiehaviorare regarding urban
form, sociedemographic factors, and psycisocial factors.

There arevarious ways in which accessibility has heeeasuredAppendix A showa sever

fold classification: Spatial separation measures, contour measures, gravity measures,
competition measures, timgpace measures, utility measures, and network measures.
Accessibility impacts dfansportand land usechanges, for example, those due to policies,
are oftenevaluatedby using accessilily measures. Herewithglicy makersand researchers

can easily operationa® and interpret the impact but this doesgenerally not satisfy
theoreticalcriteria.

Severalmethods have been developed to evaluate transportation plaks.example is a
methodology to evaluate the equity impacts of proposed projects in Montreal, considering
both accessibility and mobility changes that the projects will bring, as well as thects'oj
effects on spatial mismatch. Specificalcenariosare evaluated before and after the
implementation of the projects that involved changes in accessibility to suitable employment
opportunities that socially disadvantaged populations have, changesravel time to
employment centers by transit, and changes in time savings.

The WQ[ I RRSNJ @Iy +SNRIFaQQ Aa I O2yOSLiidz £ F
possiblesolutions to an accessibility problefhe main scope is to see if the construction of

new infrastructure can be avoided as much as possible with other solutions. Examples of
FLILJX AOFdA2ya 2F GKS WQ[IFRRSNJ gy +SanRl | aQQ
WageningenBecause of the appliaA 2y 2 F (G KS WQ4t BuReRribd\Bakstagl, + S NR
the combination of exploitation, extension and construction of new infrastructure appears

to be the most appropriate approach to address the problems outlined. Besides that, the

WO[ I RRSNIAOKOY AASNARIKSIR Ay 21 3SyAy3aSy G2 az2t oS |
aiGSLla 2F GKS WOt lskded &) a Glidg for-nehsRresltaé 2 Gaken and
regarding phasing. As a result, a lower financial investing is required and greater effisien
achieved. Therefore, in the next chapter, relevant attributes wilstvectured on the basis

2T (0KS WQ[ I RRSNJ tergretatich pRdttiibate€ Q> Ay Of dzRA y 3
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3. METHODOLOGY

3.1. Introduction

This chapter regardingmethodology starts bydiscussing the research questiorad
objectivebriefly. Section3.1.2 sets out the conceptual framework. Finally, the last section is
asummary of the research methods and the underpinning approach.

3.1.1. Research questionand objective

Earlier research mentioned that there is a need for more insight into the effects of mobility
policies for different transport modegCui et al., 2016)More knowledge on thigopic is

required in order to plan effective interventions and policy changes. There are multiple
aspectswhich influence users to use a certain transport modfe line with the problem

definition the following research question is defines W Q2 K I televanN&tributes

regarding accessibility measurements and mobility policies for different transport modes,
FYR ¢KFG Aa GKS | LILX AOFOoAtAGE 2F GKSAS I GGNR

The djectiveisto create a tool includingelevantattributes for all types of projects and to

process them in atructured system with realistic scoring per attribute for each step of the

WO[ I RRSNJ @Iy +SNRI I a@@the basis ofidocinikestdry agalysisfk 06 S C
addition, realistic assumptions regardinghavailable information will be generatelly
consultingprofessionals in the field of traffic researdh is assumed that they have actual
knowledge regarding treetopics. Thiswill result in an overview of &ibutes that are most
AYLRZNIFYG LISNI NI yALR2NI Y2RS | yARer dradtidg tie S LI 2 1
integration tool, two pilots will be executedby using a geographical information system

(GIS)to illustrate the working of the tool and sef the tool neets the expectations and to

provide recommendations regarding the applicability of the tool.

3.12. Conceptual framework
As described before,he objective is to create a tool including relevant attributes for
different types of projects and to process them in a structured system with realistic score
per attribute for each ste2 ¥ (G KS WQ[ | R RIGiNproddey insigisNdiolwhishQ Q ®
attributes are applicable at a traffic research, and also the relationships®feffects that
are applicablet the different transport modesand G SLJa 2F (KS WwWQI[ |

RSNJ ¢

TheW @dder van Verda@i extensively described Bection25.Ly aK2 NI X GKS wWQ]
+ S NR lisla @ad@ptual framework that can be used in examining possible solutions to a

traffic problem (CROWpVV, 2016). The main purpose of tH&dder van Verda&sfto see

if the construction of new infrastructure can be avoided as much as possible wWidr ot
solutions. Herewith the effect can be measured.
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TheWW &dder van Verda&s@nsists of seven different (alternative) solutions:
- Spatial planning;
- Pricing policy;
- Mobility management;
- Optimize publidand active}ransport;
- Better utilization of existing infrastructure;
- Modify existing infrastructure;
- New infrastructure

¢ KS WQ[ I RRS Nangdprgachthét dIRitlely &isedXo identify solutions to mobility
problems (Modijefsky & Vervoort, 2010)herefore attributes wilbe investigated on the
basis of this congaual framework. This make it aexperimental method, because the
WO[ F RRSNJ Iy +SNRI I aQQorovida insigtsiinto éfiedtiveressof | y R
mobility policies.

Weakness of tb conceptualframework is that not all transport modes are taken into
account, e.g. transport modes like mopeds or walking. Moretivetransport modes train,
bus,tram and metro are combined into public transport. Another weakness is that attributes
which are of imprtance could vary per projeckEor example, regardingtep oneandthree,

the measures can be relateid a wide variety of projects. Thereford, is important to
formulate a clear goal of the projectso Tlustrate the working othe integration tool an to
provide re@mmendations regarding the togiwo pilotswill be executed

3.13. Summary

In short, a structured system afelevant attributes will be createdfor different transport
modesandfor each sep2 T  Ldtdder vir/erda&sDhistool will be createdon the basis

of documentary analysi$n addition, realistic assumptions regarding unavailable information
will be generatedby consultingprofessionals in the field of traffic researdexpert
judgement) On top of that by usinggeographical information systemgilots will be
executedto illustrate the working of the tool and see if the tool meets the expectations and
to providerecommendations regarding the applicability of the tool.

3.2. Approach

This section describes idetail how the study is conducted, including conceptual and
operational definitions of the components used in the studiigure 3.1 illustrates the
research approachlhe esearch methodthat are appliedto identify relevant attributesare
documentary ankysisand expert judgement. e research method to visualize the effects is
a geographical information systeniGIS) These research methods will bextensively
describedn this paragraph
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Accessibility measures (infrastructdbased, locatiorbasel, personbased, utilitybased)
0S

Oty F4&A3YSR

New infrastructure
Modify existing
infrastructure
Better utilization of
existing infrastructure
Optimize public transport
Mobility management
Pricing policy
Spatial planning
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Documentary analysis

ByONB I GAy3 (GKS AydSaANIGAzyYy (22t pplicablexeSdarce y
method is documerdry analysis. Documeaty analysignvolves obtaining data from existing
documentssuch assecondary data, empirical data generated by others gufeuren &
Doorewaard, 2@5), and literature. The choice for documey analysids related tothe fact
that different researchers have identified whichttributes are applicable at different
transport modesand thereforethere is noneed to carry out arown survey. In addition to
the evaluations there are also scientific papers and dissertatemm there igravel behavior

of passengershat affects the use of transport mode3ogether thee documentgorm the
documentryanalysis.

Expert judgement

According to Wilson (2017), expert judgement plays an important role in forecasting and
elsewhere, as it can be used to quantify models when no data are available and to improve
predictions from models when combined with data. Therefore, in addition to the
documentary analysis, realistic assumptions regarding unavailable information will be
generated, by consulting a professional in the field of traffic resedtgpert judgement is
obviously prone to bias; the limitations can be summarized as subjectkg, and prone to
error, the reasoning is known only to the owner of the estimate, and the estimate depends
on the level of experience (Rush & Roy, 2001). To be successtatding to Rush & Roy
(2001),the expert needs tdiave many years of experienceherefore, theinformation that

is unavailable in the documents of the documentary analysis widdtenated on the basis

of the knowledge and experience of an expert watleast 10 years aéxperience

Geographical information systems

According toLongley, Goodchild, Maguir& Rhind (2011) a geographical information
system (GIS) idefined as a powerful set of tools for collecting, storing, retrieving at will,
transforming, and displayingpatial data from the real world. GIS is fundamentally about
solving realworld problems and anynanual or computer based set of procedures can be
used to store and manipulate geographicatferenced data.Therefore the tvo base
components in GIS software are maps (visual representpiod dataviews (consist®f a
number of records of a similar type).

There is a huge range of applications of GIS and theyde topographic base mapping,
sociceconomic and environmental modeling, global and interplanetary modeling, and
education. Applications generally set outo fulfill the five M2 of GIS:Mapping
measurement monitoring, modeling and nanagement

Assessing accessibility to individual activities in metropobt@as has been a lorgjanding
interest in transportation geograph{Chen et al., 2014; Karou aitllll, 2014; Le Vine et al.,

0 K¢

2013; Linet al., 2014; Martinez and Viegas, 2013). Transportation equyT SO & LIS 2 LI

economic and social opportunities (Handpd Niemeier, 1997; Litman, 2002; Niemeier,
1997). Thereforeimproving transport accessibilitig increasinglyused to cope withsocial
inequality, particularly for socially disadvantaged gro(fd@nchez et al., 2003).
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To calculate the accessibility valokpublic transportand its differences in a particular area

to surrounding regions, the papeaf Yanyan, Paryi, Jianhui, Guechen, Xin, & Yi (2016)
raised a new concept; Area Public Transit Accessibility (APTA). This concept is based on
passenger travel behavior, travel psychology hypothesis and the service range of transit
network and roadnetwork. By using the software packagecGIS Yanyan et al. (2016)
applied this method to evaluate the accessibility values of every traffic zone in Beijing
Chaoyang district. The ressilshowed that the APTA can provideclear description of the
accessibity value level in a particular area to surrounding regions, which provides
guantitative information for location analysis and pulihiansit network optimization

3.3. Data collection

This section andppendixB explain low data is gathered, generatexhd analyzed. The data

is gathered by documentary analysis. The following documents represent relevant attributes
and these documents amextensivelydescribed irappendixB:

- Bakker & Zwaneveld (20Q9)

- Decisio & Transacin Management Centre (201,2)

- Ministry of Infrastructure and Environment (2012)

- Redman, Friman, Garling, & Hartig (2013)

- Vervoort, Van der Ham, & Van Breemen (2015)

- Wever and Rosenberg (2012)

Thereare manyfactors that affect the demand for a movement. Moreover, at transport
mode public transport other factors play a role than, for example, at transport mode car.
According to Bakker & Zwaneveld (2009), Decisio & Transaction Management Centre (2012),
and Vevoort, Van der Ham, & Van Breemen (2015), effects are divided in direct effects,
indirect effects, external effects, and distributional effects. Therefore these types of effects
are discussedespectivelyin section3.3.1., 33.2., 33.3., and 33.4.

3.3.1. Direct effects

Direct effects are the effects for the owner/omdor and users of the project. In this
research, therelevant attributesfor users are of importance. Severakeatt effectsare
discussed in detail in the next sections.

Travel timeg waiting time, and frequency

Accessibility benefits are often the primary goal of a public transport propakker &
Zwaneveld 2009). Thigrovides existing and new public transport travelers faster, more
frequent and/or more reliable trips. These bensftan be converted into indicators in euro
per hour. How this should be done and what indicatoasm de used is described in the
Overview Effects Infrastructur®©g) guideline The time valuation (in euro per hour) differs
thereby Pr instance per trip prpose. Forexample, a business traveler would often spend
more money for a shorter journey than someone who is going shopping or going to work.
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Travel time of public transport consists of several components (Bakker & Zwaneveld, 2009).
A public transporfourney can often only be made a few times per hour. This depends on
the frequency with which a transport service is provided. So a public transport traveles start
with waiting for the next opportunityfor departure. Before there can be traveled by public
transport, one usually must first go to the public transport stop; before transport time. After
a wait at the public transport stothere follows boarding and the actual start of the trip
After one or more changes (includingnce againwaiting time) tiavelers arrive at the final
stop. Following is the onward transport time to the destinatigrgsttransport time. To
determine the travel time gains, these parts of the journey should be merged and expressed
in monetary terms. Although there &possibledebate on the indicators to be used, the key
figures illustrated in tabl@.1are applied in social costenefits analysis.

The effect on the travel times may be determined on the basis of the change in the
anticipated travel time and the number of moventsn(trips) for each orighaestination

pair. Thetraveltime changes are expressed in monetary terimsusing the occupancy rates

per vehicle and journey time valuations per traveler and motive.

The differences in travel times, divided by passengerfagight transport, are provided by

the Province of Limburg. Based on the regional traffic model the data is divided by motifs.
Prices are in euros per person (price level 2015), market prices including VAT and other
direct taxes. The data in tab® 1 is analyzedin the edition "the social value of shorter and
more reliable travel times"Kennisinstituut voor MobiliteitsbeleickjM), 2013).

Table 3.1: Travel time valuations per motive, price level 2015 (Kennisinstituut voor
Mobiliteitsbeleid (KiM), 2013)

Motive ¢ NI @St GAYS @It dz (7
Hometo-work € .9% |
Business € A3y |
Other e Oy @ |

However, travel time valuations per transport mode can be even more imporfdotgh,
there is considerable uncertainty regarding travel time valuationcydlists Decisio &
Transaction Management Cenfr2012). The extreme values hold a bandwidth of the travel
time valuation between 6.65 (travel time valuation of bus, tram, metro travelers), and 14.03
euro per hour (rounded 2.1 times higher). For the otheydalitiesan organisation regarding
economic expertise Steunpunt Economische xpertise abbreviated: SEE)rovides
indicators.The average travel time valuation for each mode is shown in tal2eHowever,
travel time can also be valuedtime (minutes) without the valuation in euros.




Table3.2 Travel time valuationper transport modgDecisio & Transaction Management
Centre, 2012KiM, 2013

Bike Car Freight traffic  Bus Train

Travel time 6.65-1403 10.70 4538 6.65 7.60
Gl € dzk G A 2

Reliability

Congestion and travel time also affect the reliability of the traffic network. As the capacity is
lower, there is a bigger chance of delays along the way. A chance of congestion means that it
has to be taken into account, but ntitat there is always congestion. The default coderfr

the Overview Effects Infrastructur@®E) guidelineand its additions is an additional effect of

25 percent on the travel time benefits. This leads to an additional network effect of 1 to 8
cents perkilometer short distance car movemenritletwork effects arendirect effects and

are described in sectiod.4.2.

Reliability of a trip increases by a decrease in congesiiioaccordance with the opinion of
the Central Planning Bureau (CPBie effects o travel time reliability are caused by 25
percent of travel time benefits resulting from reduceohgestion (vehicle loss hours).

For cyclists there can be assumed that a shorter travel leads to a higher reliability (less traffic
lights, intersectionsetc.). For public transport the rate should not be applied, because public
transportation is based on a proprietary system (rail, bus lanes, coordinated traffic lights,
etc.), and timetable.

Table3.3: Reliabilityper transport modgDecisio & ransaction Management Centre, 2012)

Bike Car Public transport
% of travel time benefits  [RAL/ 25% PM |

Travel costs

The amounts travelers and government spend in a year on different transpmfesmay be
related to the performance of these modes tonsport in that year Bakker & Zwaneveld
2012). This createmaovewiew, as illustrated in table 3.4f the average expenditure (paid)
per passengekilometer in the Netherlanddncluded are costs of vehicle purchase, vehicle
use, vehicle exploitatimand investments in and maintenance of infrastructure.

Table3.4: Average expenditure in the Netherlands in eurogantpassenger kilometdprice
level 2007)

Average expenditure Travelers Government

Car 22 4 |
Train 8 16 |
Bus, tram and metro 11 32 |




Parts of the expenditure of travelers are revenue for the government (taxes, especially in the
car). Furthermore, it is only in terms of actual expenditure. Unpaid costs are excluded such
as environment, traffic safety, congestion and loss of income oiffareht allocation of
resourcesThe averageotal travel costs valuation faransportmodesis shown in table.5.

Table 3.5 Total travel costsper transport modein eurocent per kilometefDecisio &
Transaction Management Centre, 2012)

Bike Bus Train

Travel costs (eurocent/km) 7 11 8

Cost of a ride change due to a change of kilometers with existing travelers. The difference in
vehicle kilometers is multiplied by the variable cost for rides. Travel expenses have been
updated to price leve2015.

Table3.6: Variable expenses for cars and freight traffic, in eurocent per kilometer, price level
2015 Yervoort, Van der Ham, & Van Breemen, 2015

Variable expenses

Car 8.52
RElRIE 13.10
Comfort

During the trip also changes in the comfort directly affect pnesperityof travelers. This is

for instance a more comfortable vehicle: a train instead of a bus, or better chairs. A project
can also make sure that the traveler can sit more frequenthbrtsthese are all things that

are relevant for people and therefore should be included in a-besiefit analysis. The
monetization of the comfort effects, like travel time gains, is theoretically possible. However,
there are few indicators available fboth the Netherlands and worldwide. Unfortunately, in
practicemostly is deaed that comfort effects cannot be expressed in money, so comfort
effects are often described qualitatively.

Effectsduring construction period

Construction of newnfrastructureis possibly disturbing for existing users or local residents.
Travel time delays that occur due to this, for example, would be reflected in thebeosfit
balance. In addition, congestion could be reduced because motorists choose theatiain

of suggested positivprosperityeffect of public transport.

Option value and norutility value

The option value (Geurs, 2006) of public transport is the amount of money people have, in
the case of unforeseen circumstances, nonetheless to be tablse public transportation.

So the option value its origin is in the value that individuals assign to reduce uncertainty.
Riskaverse individuals will spend money to reduce this uncertainty. The possibility to use
public transport in case of emergencyuth has a value, the option value. Unforeseen
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circumstances can actually relate to occasional use (in case the car is not available), but also

to a future situation in which a person is highly dependent on the public transport for many
journeys. The optiorvalue is already reflected in the higher ticket price tlaat operator
NEljdzZANB& +y 2LISNFG2N) 2 200FaAraz2ylf GNI @St SNE
08 200lFaArzzylt GNI@StSNEQ OFly (Kdza | f NBF R& 0
value which comes on top of those already internalized value, is an additional wealth effect.

The nonutility value (DfT, 2007) is the value an individual attaches importance that others

use or can use public transport.

3.3.2. Indirect effects

Indirect effects are effects that occur in other markets due to the passing of the direct
effects {ervoort, Van der Ham, & Van Breem@0@15). One could think of the labor market;
commuters can start looking further afield a better paying job as a result of ttavel
Indirect effects are approximated on the basis of indicators.

0 to 30 percent of the transport benefit is a reasonable estimate for the size of the additional
indirect effects of public transport projectsln social cosbenefit analysis of road
infrastructure a rate of 10 percenis applied (Vervoort, van der Ham, &, van Breemen,
2015).

Besides direct transport benefitscan be expected that when traveling is in a generic sense
‘cheap’, it affects the rest of the economy. The economy can theeefwow faster, which
increases more prosperity to the direct benefit of the 'cheaper’ travels. This idea, expressed
by many people, is also supported by economic research. Econoth&tsfore use the
name 'indirect economic effects'. These effects atieause the transportation benefits
affect the economy. Moreover these effects only make an additional contribution to the
prosperity and existence of market imperfections, such as economies of scale. Therefore
many indirect economic effects only distrileuvealth.

Elhorst et al. (2004) provas a broad overview of indirect economic effects. However in the
literature there is no consensus about the underlying mechanisms and extent of (additional)
indirect economic effects. A quote from the handbook fortelnsnefit analysis for public
transport projects in the United States: "While users of this guidebook may wish for & recip
or formula to calculatdarger (indirect) economic benefits to overall economy, there simply
are no reliable relationships or methsdor calculating them that can be applied to dbc
transit projects" (TRB, 20D2Jumping to conclusions about potential effects and how big
they are is therefore not appropriate. Therefore the 'general feeling' of the 4obwing' is

too overwhelming (Hof et al., 2006). However the subject is too important to put it aside as
too complicated. Therefore 'wider economic benefits and impact on GDP' wesstigated

in 2005, commissioned by the UK Department for Transport (DfT, 2005). This research
focused on agglomeration effects. In the context of public transport projects, this is also a
frequently mentioned reason for additiongdrosperity benefits. Accading to DfT (2005)
other sources of indirect economic effects are budgetary or labor market effects and a
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better functioning of notperfect functioning markets. These three effects will be explained
in the next sections.

The main conclusion from th@Elguideline(Eijgenraam, Koopmans, Tang, & Venster, 2000)
is that indirect effects can only be additional if there is market failure or international
redistribution. Therefore thestypes ofeffectsand the following marketaeed attention

- Effects orproduct markes;

- Effects ondbor market

- Effects on housing and land market

- Effects of excise duties and subsidies

- Health effects (of cycling)

- Network effects

- Knowledge and innovation spilloveffects;

- Internationaleffects

The capital market is supposed to work perfectly and will therefore not be further discussed.
In this sectiorthe types of market failureare explained and how these lead to additional
indirect effects. Moreover, the OEI guidelinaly defines when antiow additional indirect
effects occur, but does not providesitmuctions forcalculation.This section isin particula
about the conditions whereby additional indirect effects occur.

Product market

Many effects on the transport market reach end useesthe product market. As long as all
markets work well, these are redistributive effects. There are a number of reasons why
product markets do not work well and they should be included as additional indirect effect
in social cosbenefit analysis.

1) Product specific taxes and subsidies lead to distortion of the maikéhey are not
provided to correct externalities. If there is a market (which is affected by the project)
distortionary taxes and subsidies are present. Thereftine effects of a chage in tax
revenue and expenditure must be included as an indirect effect.

2) Market power and economies of scale: If there are effectsttom transport market these

are passed on to other markets. A reduction of the transportation costs will lead to a
reduction in the prices of products in the supermarket. If the market operates according to
the principles of full competition, all transportation benefits are eventually passed on to
consumers. The impact on the transport market will fully benefit the coresufthe direct

effect is equal to the indirect effect, whidk therefore not additional, but only one shift).
However, if there is market power (such as a monopoly, think of the NS and Schiphol, or
monopolistt competition), there may be economies of sealrhoughthese are additional.

If there ismarket power, profitcan bemade by manufacturers. The market does not work

perfectly. A reduction in transport costs leads to an adjustment of supply from the producer:
he will want to maximize his profits. T also leads to a reduction in the price to the
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consumer, as more producers will want to put off now increased margins by product (until a
new equilibrium). The effect on the product market is larger than the transport (both
producers and consumers have sarplus). Thus, there is an additional indirect effect.
However, the wealth effect on the product market (through the transport) is thas if
there had been fulcompetition. Because the produceloesnot calculate the entire cost,

the product demand dnd also transport demand will rise less rapidly than if it was fully
passed.

3) Product differentiation:more different products can reach the mark#trough lower
transportation costsA wider range of products creates a positive additional effect.

4) Agglomeration and cluster effects: Most agglomeration andstelu effects are not
additional Companies wanlower transactioncosts, sathis is a direct accessibiligffect.

Costs related tdabor (scope of the labor market) ardstussed in the nexdection Only if
clusters lead to unpaid exchange of knowledge and innovatiwre is an additional effect.

Labor market

A first effect of infrastructure investments on the labor market is the reduction in
commuting costs. The benefits of lower comnmgt costs and their impact docation choice

are primarily direct effects. These are, after all, just travel time benefits of commuting.
However, labor market effects through taxes and sqoiakperitypaymentsalsohave to be
taken into accountithese ae additional effects) Commuting charges increase the cost of
labor, and if the cost decreases, the demand for labor increases. In many cases, this means
redistribution, but if there is a "mismatch" between demand and supply in a region, then
better accesibility could lead to additional employment. The increase in employment that is
associatedwith this (as a rule of thumb)s halfway filled with former socialprosperity
payment recipients. Because a so@edsperitypayment is on average half of the aal, the
additional benefit is 25% of wages of the new jobs.

Causes for disturbances on the labor market are squiaéperity payments, limited wage
flexibility (e.g. CAO), and labor mobility. These factors may causedangdiscrepancies
between supply and demand. Reduced labor mobility is particularly addressed for primary
and secondary skilled personnel, for higher skileorkers the labor market works well.
There are no anticipated additional indirect effects. If the domestic sector wages (CAO) is
above the regional equilibrium wage, there is a labor surplus. The labor supply exceeds
demand and involuntary unemployment. &@ldemand for labor in the region increases by
better infrastructure; this will lead to additional employment. All the characteristics of the
regional labor result in regional equilibrium wage. For example, a regitn many low

skilled workers has relaively low wage equilibrium and thus unemployment. Indeed,
domestic sector wages (CAO) leadsiigherlabor costs than employers are willing to pay.

If there is an excess demand (CAO is below the regional equilibrium wage), an increase in

demand does notlead to a reduction in unemployment. However, the less extensive
production companies disappear. So the additional productivity is ghasperity gain.
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Through secondary terms of employment, excess demand does not happen often. This
increases the wages, wih brings the market back into balané&osperitygains in the labor
market will thus, in practice, in particular prevent a reduction in unemployment and its
paired reduction of benefits. Other effects are mainly shifts of transport benefits to wages.

Point infrastructure has a more predictable effect on the regional job market than line
infrastructure. Expanding point infrastructure in a region leads to more demand in that
region. Etension of line infrastructure can lead to an increase or decreadeeirémand for
labor in both regions.

Agglomeration benefits occurecause companies and persons ligesettle near each other

This fact leads to higher productivitgnd thus higher wages. Therefore applitge larger

the agglomerationthe greater thebenefits and the higher the productivity. The size of the
agglomeration depends thereby on the (generalized) travel to important economic activities.
If a project reduces the generalized travel costs, the agglomeratibrget bigger Andthat
deliversa positiveadditionalindirect economic impact.

Land market and housing market

Without market imperfections and without foreign effectgshere is no additional
infrastructure orprosperity effect onthe land market. Better accessibility leads to higher
land prices;howeverthe land marké has three basic imperfections.

1) Quantity restrictions inland useplanning From the viewpoint of unpriced externaiffects
(loss of landscape and naturspatal plannings desiredand leads to higher land prices.

2) Subsidies for land development and use (industrial subsidies, rent subaitiiesiortgage
interest). If projects lead to an increase in subsidies by the construction and maintenance of
industrid and residential locations, themre additional prosperity losses.

3) External effects of landise for others. Infrastructure leads to a change in location
preferences. The new residents or businesgeseby do nottake into accounteffects of
their decisions omthers;for exampleto get a nice view depriving nuisance or pollution of a
company. Theseftects should be included in a social cbsnefit analysiso the extent they
are additional (and not just a shift).

Because industriahreas (subsidies) andenement (no flexible pricing, such as apartments
and subsidized) lead to greater market distortipties land market securities attentioare

of interest for a social codienefit analysisMoreover, the subsidies on the land market
(especially in industrial areasan solve bottlenecks in other markeBesides the negative
wealth effect of subsidiegpositive wealth effects on othanarketscan arise At the time of
the OEI guidelingtherewas limited empirical evidence for positiee negative effects.
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Subsidies and>ise duties
The national government, provinces and municipalities invest in infrastructure, subsidize
public transport, purchase transport for groy@sd impose taxes on car ownership and use.

Less car use leads lower tax revenues due to exciskities. However, motorists save fuel
taxes. Both effects have to be included (or not netted). Effects on tax revenue, howaewer,
often notincluded in cosbenefit analys, the exciselutiesindeedare saved (impliciin the
calculations) by motoristS here arespecific amounts of excise duty per passenger kilometer
that can be used in aocialcostbenefit analysis. It is about an averageapproximately4
euro cents per vehicle kilometer avoided.

Table3.7: Excisaluties for cars and freight traffic, in eurocent per kilometer, price level 2015
(Ecorys, 2007)

Excise duties

Car 4.34 |
Freight traffic 1494 |

Cost of a ride change due to a change of kilometers with existing travelers. The same applies
to the taxrevenue for the government. The difference in v@aikilometers is multiplied by
excise duties. Thereby excise duties have been updated to price level 2015.

Health effects (of cycling)

An average homavork trip by bike is 4.3 kilometerén the Netherlands(CBS, 2016).
Assuming 46 weeks on average four days a week, cycling topnatkices 23 centé € o cn K
(4.3 kilometers * 2 46 weeks* 4 days)) forevery cycled kilometerTo convert this effect to

the average bike kilometeathis amountwill be multiplied by the proportion of commuting

cyclists overallln total 20 percent of the nmber of bicycle kilometers byayare related to
commuting. Therefore the labor productivity benefitge about 4.6 centger bicyde
kilometer.

Table3.8 Increasdabor productivity of cyclistéDecisio & Transaction Management Centre,
2012)

Increase labor productivity

4.6 eurocent pekilometer |

In addition to increasing labor productivity of cyclists, is also increasing the number of
healthy life years and life expectancy of cyclists. RIVM has calculated that the burden of
disease due to inactivity in the Netherlands is about 270 thousand DBIAYY. stands for
"disability adjusted life years" and is a measure of the overall burden caused by diseases. It
measures the number of people who die prematurely due to illness and the number of years
that people live with disabilities due to iliness. RIVilgs assessed that if inhabitants of the
Netherlands would cycle more frequently (one day per week extra) and longer (cycling 30




minutes extra per day), the disease burdéecreasedy 1.3 percent, or 3510 DALYs after
one year.

With the premise of RIVM (cling an extra day a week and 30 minutes on each of those
days) the following calculation can be made: If we assume that the average citizen of the
Netherlands cycles 2.2 days per week (20 to 30 minutes per day), this means the starting
point of extra cydhg of the RIVM is about 1.1 to 1.6 hours per week. This is 15 to 22.5
kilometers per citizen of the Netherlands extra per week at an average of 14.2 kilometer per
hour. If all 16 million citizens of the Netherlands cover éxgadistance, 52 weeks pgear,

this leads to a reduction of 3510 DALY's. With a score of 70 thousand euros per DALY, a score
of 2.1 eurocent per kilometer to health benefitan be assumed

Table3.9: Health effects of cyclindecisio & Transaction Management Centre, 2012)

Healh effects of cycling

1.7-2.5 eurocent petkilometer

Network effects

The shift from labor, business and population has a feedback effect on the mobility. If all the
indirect effects are included, the network effect should also be mapped. Howtineeffect

is expected to be quite limited. There are few methods to properly map the indirect network
effects.

Knowledge and innovation spillover effects

Clusters can lead to more sharing of knowledge throughkefotransport costs within a
sector, diversification of sectors and proximity of suitable staff. These points are logical
reasons for the emergence of agglomerasprut are related tothe passing of direct
transport effects and a wefunctioning labor market for highly qualified personnel.

An exception occurs when knowledge is exchanged without being paid for it. Proximity
reduces costs, allowing this to happen more frequently. In that case, there is an additional
prosperity effect. If it can be made plausible that it plays a significate, this should be
included in asocial cosbenefit analysis.

International effects

Lower transport costs affect the imports and exports of goods and services and thus attract
and drainsecurities and the Dutch consumer surplus. This has an effepublic finances

and the labor market (macreconomic feedback). In a tight labor markisie increased
demand for goods and servicedl leadto higher wages and disgiament of low productive
labor. Tis indirectly leads to more imports and less exporfs goods, leading to a
neutralization of the positive indect effect on the labor marketTax and benefitchanges

too, and thisalter market imperfections.
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3.3.3. External effects

Movement of people and goods are based iodividual decisions, bualwayshave side
effects that are experienced by others than the individual decision maker (CPB and PBL,
2016). This is because if someone undertakes a journey, it will be busier on the road or in the
train, which leads to additional travel time (traffic jams)cidents or inconvenience to
others (standing in the train). Besides that, travelling is usually associated with
environmental pollution (C§€ nitrogen oxides, sulfur dioxide and particulates, and noise
disturbance) and fatalities. The disadvantages saffe by other passengers or the
environment are not included in individual decision to make a trip. So travel has, in addition
to positive external effects, also negative external effects that affect others prosperity
negatively.

When individual decision akers take into account the negative external effects of their
behavior the sum of individual decisions leads to overconsumption of mobility and an
excess of damage. If mobility users would consider external damage in their decision to
make a journey, thee would be a better balance between the advantages and
disadvantages of mobility. The government can ensure that the external damage is indeed
included in individual decisions with regulation and taxation. This may for example include
taxes (emissions, @ironment), a mandatory liability insurance (safety, damage) and ramp
metering or congestion charging (congestion).

External effectare reflectedon goods with no markets and therefore there are no market
prices. This concerpfor example, emissions, e, traffic safety, barrier and intersection

of the landscapeln the costbenefit analysisfour external effectsare quantified our
external effects: traffic safety, noise and quality, and greenhouse gas emissions.

Air quality and greenhous@asemissions

Effects on greenhouse gas emissions are quantified. Hereby is assumed that there is a direct
relationship between the size and spread of traffic and nuisance caused by traffic.
Specifically, the benefits are provided by the use of the previoashilable indices per
vehicle kilometer, wherehyif possible distinction is made to the location (inside or outside

the built-up area).

Table3.10 Valuations of greenhouse gamissiors, in euro per hour, price level 2015 (CE
Delft, 2014)

Greenhousegas emissions Climate costs
Inside builtup Passenger transport weighted average € .BRA.000 travelkm
area Freight transport weighted average € .8%/1.000 tonskm

OV o CRIIFOMN Passenger transport weighted average € .BRA.000 travelkm
area Freight transport weighted average € 8WX000 tonskm
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Table3.11 Valuations of air quality, in euro per hour, price level 2015 (CE Delft, 2014)
Air quality Climate costs

Inside builtup Passenger transport weighted average € 8p/X000travel km

area Freight transport weighted average € .#0M.000 tonskm

OV b CRIFeMN Passenger transport weighted average € 58/X000 travel km

area Freight transport weighted average € 19/X000 tonskm

Noise

Effects of noise are calculated based the number of noisaffected homes in the
alternatives. The following table shows the number of houses again by class noise level (dB).

Table3.12 Valuation noise disturbance, in eurocent per dB, price level 2015 (CPB, 2004)

Valuation in euraent pa dB

48¢ 53 dB 14 eurocent/dB
53¢ 58 dB 83 eurocent/dB

58¢ 63 dB 152eurocent/dB
63¢ 68 dB 206 eurocent/dB
68¢ 73 dB 366 eurocent/dB
> 73 dB 504 eurocent/dB

Traffic safety

The aspect safety is divided intiaffic safety,socialsafety andimpact on external afety.
Traffic safety ismonetized based on indicators from the document "Safetysanial cost-
benefit analysi€2 61 Rijkswaterstaatand Ecorys (2012). The social cbsnefit analysis is
based on the valuation of firgtid wounded, with is based on the reported rate of
accidents.

Table3.13 Valuation traffic safety (in million eusoprice level 2015)

Valuation in million euro per accident

Fatality € ODPHoOoNnPHPN YALTLTAZ2Y
Firstaid wounded e MMOPpPyd YATETA2Yy LIS
Only material damage € ndcTtn YAtfA2Yy LISN

However,when constructirg a new road the number of accidents is unknown. Therefore the
key figures for car, bus, and bike (in eurocent per km) are calculated by SWOV and Ecorys
(2008).
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Table3.14 Costs of traffic safety (SWOVERorys, 2008)

Inside builtup area Outside builtup area

Car (eurocent/vehicle km) §e¥ 25
Bus (eurocent/travel km) ¥ 21
Bike (eurocent/km) 6.2 25

External safety

External afety corcerns the risk of accidentsvolving hazardous substances that affect
residents or surrounding area The consequences of accidents involving hazardous
substances depend on the location of the accident; in a densely-uquitirea this will be
much larger than in a vacant area. Sweffects can only be understood on the basis of a
specific analysis of the changéthe alternativein individual risk and group riskccording

to the EIA plan, it isufficient to qualitatively describe possible externalesafeffects.

Social safety

There are no rules of thumikdevelopedto monetiz social safty effects (Ministry of
Infrastructure and Environment (2012 these effects occur, it is sufficient wescribe
these effectqualitatively.

Effects on soil, water, nature, and landscape aneritage
In addition to these userelated aspectghis section willprovide information regarding
other relevant effects of the EIA plan. Thesspectscan be limited to those aspects which
the alternatives are distinctive from the base case. In additibwe, description may be
gualitative, unless therare largescale effectslf an effect $ substantial must be determined
case by case, possibly in consultation with the client. In any casach projectit must be
defined if it islocated in a Natura@O0 site, whether there is any external force to a nearby
Natura 2000 site and whether there are any nitrogen proldem the context of PAS
(nitrogen deposition). The issues can be classified into major groups:

wSoil

w DNRBdzyRgl GSNJ YR &dzNFI OS &I (SNJ

wNature

w [ |y RedGltutdtheritage

Only in exceptional cases, monetization of these effects is de@iledstry of Infrastructure
and Environment, 2012)f that is the cae, one can use the OEI guideline

3.3.4. Distributional effects

The deployment of infrastructure to promote regional economy, for example in terms of
productivity or employment, is difficult to justify. Such effects of new infrastructure are
often small and uncertain. And if they already occur, they usually occureagxpense of
other regions (redistribution effect). This redistribution effect generally means a shift from
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Direct effects

one peripheral region to another, and not, for example from Randstad to a peripheral
region.

According to Bakker & Zwaneveld, taBld 5 provides an overview ofelevantdistributional
effects. These distributional effects are: availability and the use of public transport by social
target groups (social function), increase GDP, income and spending effects (income
redistribution), and, in generalrps and cons per ethnic group, region and users versus non
users These examples include not all possildistributional effects; buthese effects often

play a role in public transport projects.

Table3.15 Distributional effects of public transport (Be&r & Zwaneveld, 2009)

AU E (WA= (e Rig [CRVET=Ne Wolb]o] (BRI (g5 ol0) - relationship with norutility value

by social target groups (social function)

Increase GDP - due toagglomeration benefits

- due toincreased employment

- due tolonger working hours

- due toaccepting more productive jobs
Income and spending effects (income

redistribution)

General: pros and cons per ethnic group

region and users versus nasers

3.3.5. Summary

Table 3.16provides an overview of the interpretation of theffects described in sectign
3.3.1,, 3.3.2.3.3.3 and 3.3.4.The interpretation is based on the documents. If available
there is presented a valuation in euros or the measure unit appointed to the effects.
Otherwise the attribute is described accorditmgthe description in the documents.

Table3.16: Interpretationdescription/valuation/measurenit) of attributes (part 1/2)

Attributes Interpretation (description/valuation/measure unit)

Travel time 9dzNRPa LISNJ K2dzNJ 0LISNJ NF yalLl2 NI Y2RSoY
CNBAIKG GNF FFAOY enpZoykKT /FNY emnzn
9dzNRPa LISNJ K2dzNJ 6 LISNI Y2GA @S0y 12YSnizmn
.dzaAYySa4Y e€eHYyZHOKKT hiGKSNY eysnTtkK

Waiting time Public transport: Weighting factor: 1.50 (related to travel time: 1.00)

Frequency Public transport: Weighting factor: 0.77 (related to travel time: 1.00)

Information provision How much information is provided about routes and interchanges

Vehicle condition The physical and mechanical condition of vehicles, including frequency of break
Reliability (of travel time) Bus, car and bicycle: 25% of travel time benefits

Travel costs Train: 8,00 eurocent/km; Bus, tram and metro: 11,00 eurocent/km;

Car: 22,00 eurocent/km; Bicycle: 7,00 eurocent/km

Comfort Public transport: Weighting factor: 0.96 (related to travel time: 1.00)
Effects during construction period Disturbing of existing users or local residents (valuation in hours)
Option value and non-utility value The possibility to use public transport in case of emergency
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Indirect effects

External effects
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Table3.16: Interpretation (description/valuation/measure unit) of attribsi{part 2/2)

Attributes

Effects on product market

Effects on labor market

Effects on housing and land market
Health effects (of cycling)
Subsidies

Excise duties

Network effects
Knowledge and innovation spillover effects

International effects

Greenhouse gas emissions (global emissior

Air quality (local emissions) 1S)

Noise

Traffic safety

External safety

Social safety

Effects on soil

Effects on groundwater and surface water
Effects on nature

Effects on landscape and heritage

Increase GDP
Income and spending effects
General: pros and cons per ethnic group.

region. and users versus non-users

Interpretation (description/valuation/measure unit)

Productivity

Number of jobs. Increase labor productivity: Bicycle: 4.6 eurocent/km

Hectare

Bicycle: 1.7-2.5 eurocent/km

Bus: 29 eurocent/km; Car: O eurocent/km; Bicycle: 0 eurocent/km

Bus: 0 eurocent/km; Freight traffic: 14.94 eurocent/km; Car: 4.34 eurocent/km;
Bicycle: 0 eurocent/km

The feedback effect on the mobility of the shift from labor, business and populatic
Sharing of knowledge (higher by lower transport costs)

Impact on the imports and exports of goods and services

0dzA t Gmdzld | NBIY
GN¥ y&aLe NGy
SNJ NI yaLRNIY

Ly odzA £ GimdzLd F NBIF Y
CNBAIKG GNF yaLR2NIOY
t 8aSy3aSNJ NI yaLl2NGY
48-53 dB: 14 eurocent/dB/house; 53-58 dB: 83 eurocent/dB/house;

t I 8aSy3aSNI NI vy
i2yamni)
emmodpokmann NI
t8aSy3asSNI 4N vy
Gd2yam
NI O

z <
b Qx
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> >
L faxN

L
C
t I

eydPy nkmnanan

Qx
w»

Qx
> Qx
u»

R
emMn®nnankmMmann

endpokmann

58-63 dB: 152 eurocent/dB/house; 63-68 dB: 206 eurocent/dB/house;

68-73 dB: 366 eurocent/dB/house; >73 dB: 504 eurocent/dB/house

Inside built-up area: Bus: 5.4 eurocent/travel km; Car: 6.3 eurocent/vehicle km;
Bicycle: 6.2 eurocent/km; Outside built-up area: Bus: 2.1 eurocent/travel km;
Car: 2.5 eurocent/vehicle km; Bicycle: 2.5 eurocent/km

Change in situation in the increase/decrease of the effect on objects

Change in social safety

Number of cubic meters (amount of earthmoving)

Areas (impact water management)

Number of hectares or length of intersection Bird and Habitat areas, EHS, etc.

Number of affected objects

Availability and use of PT by social target groupsThis effect is regarding the social function: the availability and the use of

public transport by social target groups
Direct transport benefits can lead to increased employment and thus a higher GC
Income distribution and spending effects

Generally formulated distributional effects, e.g. pros and cons per region
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3.4. Integrationtool

Previous section described thatributes according to thedocumentspresented in both
section 3.3 and appendix. Blhis sectionprovides an overview ofthe effects that are
applicablepertransport mode and atach step2 ¥ G KS WQ[ F RRSNJ @Iy + SNRI

3.4.1. Direct effects

According to Ministry of Infrastructure anBnvironment attributes likeravel timg travel

costs and reliability (of travel time) asgpplicable for all transport modes at all sgepf the

WO[ I RRS NJ @ bwevarévildrheladd Q(adilityl (of travel time) aiedirect effecs

of measuresof the second step namegricing policy Waiting time and frequency are

FLILX AOFo6ftS F2NJ LMzt AO GNIFYALRNIL d adSLI n w2
dzi At AT FGA2Y 2F SEA&GAY3I AYTFNI &l NHzGBAzNB Q Wy SBBE
AYFTNI &G NHzOG dzNB Q@

Information provision and vehicle condition are applicable for projects at transport mode
LJzof AO GNI yaLRNI d adSLI n W2LIWAYAT S Lzt A0
SEA&GGAY T AYFNI AaGNUZOEABMBAY I & & FEINIca ( NINzO R dzMB Q >
AYFNI a0NHzOGdzNBQd ' GKS&aS n adsSLia AYyTF2NXIGA:z
car. Vehicle condition is applicable for both transport mode car and transport mode bicycle

at step 4, 5, 6, and.7

According toWever & Rosenber@2012), comfort elements are only applicable for public
transport. This is because comfort elements involigd example waiting time for ticket
sales, stairs, availability toilet, availability luggage racks, vietesThese aspects are also
part of the image of public transporDespite thatimage comfort is only one of many
factors that mean something for the public transparbwever, profit can bereached at this
point (KiM, 2009). Therare no good indicatoravailable to measur@rosperity effects of
improving comfort in the broadest sense of the wotdowever, i is possible to derive
indicators on the basis of condulety aStated Preference (SP) survey of travelers using the
'willingnessto-pay method2

Effects during construction period are only applicable at steps relating to construction of
AYFNF a0NHZOGdzNBd® ¢KAA Aa 2yteée (GKS OFasS F2NJ ad
A Y F NI & (iTNHeOtibrdzslfe@@eurs, 2006) of public transgsrthe amount of money

people have, in the case of unforeseen circumstances, nonetheless to be able to use public
transportation. Therefore this effectis @anl I LILI A OF 6t S | ublic raNdpgf@a @32 NI Y
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3.4.2. Indirect effects

According to Ministry of Infrastructure and Environment (2012), indirect effects are on
product markets, labomarket, housing and land market. Furthermpienowledge and

spillover effects and international (land border transcending) effects are indiretts

related to traffic projects. All these effects can be of importance on all transport modes and

Fa FEft adsSLia 2F GKS WQ[FRRSNI gy +=SNRIFIIFAQQod
mode bicycle and are also applicable atalls2ps §f KRRS®NI JlIy +SNRII 2QQad

{dzo AARASE INB YlIAyfe NBfFGSR (2 GNIyaLR2NI VY3
L2t A0Q YR adGSLI o WY?2 odlsbbe applicavleatyfrandpdryntodell Q & dzo
car and bicyclgbecause for example subsidiesated to electric caror YCA ST A LI | y QQ @
duties are related to transport mode car and are applicable astelbs of the\.@dder van
Verdaa$)(@ecisio & Transaction Management Cent2®12; Ministry of Infrastructure and
Environment 2012; Vervoort, Van der Ham, & Van Breem@915; Wever & Rosenberg

2012.

3.4.3. External effects

According taBakker & Zwanevel(2009), Ministry of Infrastructure and Environment (2012),

and Vervoort, Van der Ham, & Van Breem¢R015), external effects are air quality,
greenhouse gas emissions, and noise (disturbgnedlich are applicable for transport
Y2RSa Lzt A0 GNXyaLR2NI +FyR OFN FG Fff adSLia
applicable for all transport modes at @léi S1LJa 2F G KS WQPACORIRGINI DIy
Ministry of Infrastructure and Environment (2012hc&l safety is applicable for transport

mode public transport, and external safety is applicable fansport modes car and bicycle.

Effects on soil, mundwater and surface water, nature, and landscape and heritage are
FLILX AOFo6tS G FE€f GNIyaLR2NL Y2RSa 4G aasSL 2
This is because at these stefhe measures are related tonew asphaltand this mayhave

impad on soil, nature, etc.

3.4.4. Distributional effects

Availability and the use of public transport by social target grqspsial function) is related

G2 Fff adsSLla 27F G KoStrasgebft m&dR Bulilic EahsporBalke&tR! | 4 Q Q
Zwaneveld 2009).0n the basis of expert judgemertistributional effects like the increase

of GDP, income and spending effects, etc. canapplicableat transport modespublic

transport, car and bikandatallstegt 2F (KS WQ[ LRRSNJ @Iy +=SNRI I &
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3.45. Summary

Bakker & Zwanevel(009);Decisio & Transaction Management Cen{2€12); Ministry of
Infrastructure and Environment (2012); Redmanimian, Garling, & Hartig (2013)ervoort,

Van der Ham, & Van Breemen (2015); &dever and Rosdyerg (2012) together provide an
overview of effects thatire of importance for different transport modes. The applicability of
attributes that cannot be justified on the basis of documentary analysis is justified on the
basis of expert judgement (S. Hogersonal communication, October 28, 2016). As a result,

0KS L AOFoAtAGE 2F GKS STFFSOdGa NBEFGSR G2
mainly justified by documentary analysis, and the effects relatedtep 1, 2 and 3 of the

WQ[ I RRSNJ Gy +SNRIF&AQQ IINB 2dzaiAFASR o0& SELX
and 3 the documents did not present if the attributes were applicable or not.

Table 3.17 and 3.18 illustrate which attributes are aggille per transport mode and at each

aiSL) 2F GKS WQ[IFRRSNJ Gy +SNRIIFAQQd az2NB2 0!
sources (documents/expert judgement)logether the effects implemented in thge

researches show relationships, and thpsovides on the basis of these researches, an
overview of the effects that are importamter transport mode andeacha 41 SLJ 2 F (G KS WwQ
vant S NR ITiavel®ifetand travel costs grior exampledirect effects that are applicable

for each transport mode and eic 4G SLJ 2F GKS WQ[ I RRSNJ @Iy =S
direct, indirect, external, and distributional effects is respectively described in section 3.4.1.,
3.4.2.,3.4.3., and 3.4.4.
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Table 3.17: Applicability of attributes instep 1t8 4 (G KS WQ[ I RRSNJ @Iy + SN

4. Optimize public and

1 Spatial planning .
P& ® & active transport

2. Pricing policy 3. Mobility management

Attributes

Travel time of of of of of of o o o o
Waiting time b4 b4 b4 b4 b4 b4 o b4 b4 X
Frequency ® ® ® ® ® ® i ® ® ®
.l |nformation provision b4 b4 b4 b4 b4 b4 ® ® ® ®
% Vehicle condition b4 b4 b4 b4 b4 b4 b4 b4 b4 o
EJ Reliability (of travel time) of of of of of of of of of of
8 Travel costs s s s o o o o o o of
Comfort b4 b4 b4 ® ® ® ® ® ® ®
Effects during construction period ® b4 b4 b4 b4 b4 b4 ® ® ®
Option value and non-utility value of ® ® o ® ® o b4 b4 ®
Effects on product market of of s s s s s o o o
Effects on labor market of of of of of of of of of of
@ Effects on housing and land market o of of of of of of o o o
E Health effects (of cycling) ® ® o ® ® o ® ® i 4
% Subsidies o ® ® o o o o o o b4
=l Excise duties b4 o b4 ® o ® ® o ® ®
I \covork effects Y Y L L I IV <
Knowledge and innovation spillover effects & o o o o o o o o o
International effects of o o o o o o o of of
Air quality (local emissions) of of ® of of ® of of ® ®
Greenhouse gas emissions (global emissions )« of b4 o o ® o o b4 ®
Noise of of b4 of of b4 o o ® b= 4
‘g Traffic safety of of of of of of of of of o
ﬁ External safety ® of of ® of of ® of of of
% Social safety « K ® & = ¥ « = ® ®
5 Effects on soil o o o ® ® ® ® ® ® ® ® ®
Effects on groundwater and surface water o o o ® ® ® ® ® ® ® ® ®
Effects on nature o o o ® ® ® ® ® ® ® ® ®
Effects on landscape and heritage o o o b4 b4 b4 b4 ® ® ® ® ®
Availability and use of PT by social target groughs " " o ® ® o ® b4 b4 b4
E Increase GDP o o o o o o o o o o o
é Income and spending effects of o o o o o of of of of of
é General: pros and cons per ethnic group, of of of of of of of of of of of
a region, and users versus non-users

Legend

o Applicable
® Not applicable

- Based on documentary analysis (Bakker & Zwaneveld, 2009; Ministry of Infrastructure and Environment, 2012; Redman, Friman, Garling, & Hartig, 2013)
Based on documentary analysis (Decisio & Transaction Management Centre, 2012; Ministry of Infrastructure and Environment, 2012)

- Based on documentary analysis (Ministry of Infrastructure and Environment, 2012; Vervoort, Van der Ham, & Van Breemen, 2015; Wever & Rosenberg, 2012)
Based on expert judgement
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¢FrofS odmyY ! LI AOFoAf A

Attributes

Travel time
Waiting time

Frequency

Information provision
Vehicle condition

Reliability (of travel time)

Direct effects

Travel costs
Comfort

Effects during construction period

B o X4 4 4 %X X K4

Option value and non-utility value

Effects on product market

Effects on labor market

Effects on housing and land market
Health effects (of cycling)
Subsidies

Excise duties

Indirect effects

Network effects

Knowledge and innovation spillover effects

4 & &4 B R 4 4 4 4

International effects

Air quality (local emissions)

Greenhouse gas emissions (global emissions
Noise

Traffic safety

External safety

Social safety

%)
a
[S]
@
=
©
©
c
=
o)
g
3
L

Effects on soil
Effects on groundwater and surface water

Effects on nature

L 4 4 4 Y

¥ K ® H
¥ K ® H

Effects on landscape and heritage

Availability and use of PT by social target gro
Increase GDP

Income and spending effects

4 &4 4 %

General: pros and cons per ethnic group,

Distributional effectd

region, and users versus non-users

Legend

o Applicable
#  Notapplicable

¥ 4 % & & 4 X X X 4

4 & &4 B B 4 4 4 4

4 &4 4 &4 ® &4 4 B B R

4 &4 4 %

¥ 4 % & & 4 X X X 4

4 & &4 X R 4 4 4 4

4 & 4 4 ® &4 4 B B R

4 &4 4 %

- Based on documentary analysis (Bakker & Zwaneveld, 2009; Ministry of Infrastructure and Environment, 2012; Redman, Friman, Garling, & Hartig, 2013)

Based on documentary analysis (Decisio & Transaction Management Centre, 2012; Ministry of Infrastructure and Environment, 2012)

- Based on documentary analysis (Ministry of Infrastructure and Environment, 2012; Vervoort, Van der Ham, & Van Breemen, 2015; Wever & Rosenberg, 2012)

Based on expert judgement
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3.5. Conclusions

According to Bakker & Zwaneveld (2009), Decisio & Transaction Management Centre (2012),

and Vervoort, Van der Ham, & Van Breemen (20a8)ibutes of the different transport

modesare divided ito direct effects, indirect effects, external effects, and distributional

effects. On the basis alocumentary analysis and expert judgemehgese attributes are

related tod KS WQ[ I RR S Nhe@pplcabitity diiRe dffectQ idted to step 4, 5, 6

FYR 1 2F GKS WQ[IRRSNI @Iy SNRIIFaQQ FNB YI A
STFSOGla NBfIFITGSR G2 &a4G6SLI mXT H YR o 27F ((KS
judgement. This isdrauseregarding step 1, 2 and 3 the documents did not represent if the
attributes were applicable or no&ep 1and32 ¥ (G KS WQ[ I RRSNJ Iy +SNR
to a wide variety of projectsTherefore, it should be noted that @bme projects relatedo
stepland32 ¥ (GKS WQ[FRRSNJ gty +#SNRIFFAQQ Fy | ddNx
the integration tool the attribute it is not applicable. As a result, folop research is

needed toprovidemore insight into which additionadttributes are applicable at these steps

2F GKS WQ[ I RRSNJ @ty +SNRIIaQQo

Table 3.16provides an overview of the interpretation related to the effects described in
section 3.3The interpretation is based on the documents. If availathlere ispresenteda
valuaion in euros or the measure unit appointed to the effec@®herwise the attribute is
described according to the description in the documents. Regarding the interpretation of the
attributes that are not valued by the researchers of the documeniere isfollow-up
research needed tprovidemore insight into the effedvenes of these attributes.

The integration tool provides an overview ofelevant attributesthat are implemented in

different researches. Together these researches show relationships betatedutes that

are implemented, and this forms, on the basis of these researches, an overview of the
attributes that are importantper transport mode and seacha 4 SLI 2 F (G KS WwWQI[ |
+SNRIFIFAQQ 6GFofS odmT YR odmy O d

For example, travel time and travel costs are direct effects that are applicable for each

0Nl yaLR2 NI Y2RS FyR SI OK &0 S\hothe? Exaniplk & the’ Q[ I RR
attribute frequency. This attribute is only applicable for transport mode public transport on
a0SL) o 02 1 2F GKS WQ[ I RRSNI @y =*=SNRIIFaQQo
transport mode bike and can be applicabiz a I f f aiSLJA 2F GKS WQ[ Il RR
on soil, water, nature, landscape and heritage are applicable for all transport modes at step

MX ¢ FYR 1T 2F (KS WQ[ I RRSNJatffibues, talSleNRLF and QQ ®  w
3.18 provide an ouwwiew of the effects that are applicable per transport mode and at each
A0S 2F GUKS WQ[FRRSNI gy +SNRIIaAaQQad

In chapter 4, two pilots will be executed illustrate the working of the tool and see if the

tool meets the expectations and farovide recommerdations regarding the applicability of
the tool.
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4. APPLICATION
4.1. Introduction

® Mook en Middelaar

Organisation North-Limburg acts as a
platform where sevenmunicipalities of
North-Limburg cooperate in thdields of
traffic andtransport RMO NorthLimburg
consists of the municipalitiesMook en
Middelaar, Gennep, Bergen, \feg,
Venlo, Horst aan deMaas and Peel en
Maas (figure 4.1). To utilizethe power of
the regionit is necessary to ensurgood
accessibilitypy improving and maintaining
all infrastructure networks by road, rail,
water and airat a high leve([RMO North
Limburg, 2013) Any disruption of this
network has an adverse effect on
achieving the ambitions and put the
positionof North-Limburg under prssure.
Figure4.1: Municipalities of RMO Northimburg
(based orRMO Venraywenlo, 201)

RMO NoordLimburg (Rgional Mobility \

® Gennep

Bergen

Venray

Horst a/d Maas

Venlo

Peel en Maas

The regionNorth-Limburgitself takes high responsibility forits infrastructure It has the
ambition to realize infrastructure projects toreach the desired levelbf accessibilityand
maintain the infrastructure Besidesabout fifty large and small projects vidh areinitiated
by the regionitself, there are some projects that transcetite borders ofNorth-Limburg

The municipalities oNorth-Limburghave jointlydrawn up a strategic regional vision. This
regional vision articulatethe aspirations and desiresf the region The regiorwill createa
distinctive profile that matches the character of the area. Ire thegionalvision, four
supporting functions are distinguished: housingealthcare, leisure and tourismand
agriculture. The aim is to strengthen these functions and thereby to bring about a qualitative
leap for the region. To achieve thihiree programsare devised. These strengthen the east
west connections and expand existing networks (especially for bicycle and pedestrian),
improve the spatial quality of the built environment and the landscaped finally also
exploit the qualities of the Mas(and mitigatinghe risks).

The limited number of connections across theer Maas can lead to relatively high travel
times (dependent on the route), especially for slow traffic. That is the reason for RMO-North
Limburgto strengthen the easwest connectiongon bothsides of the river)and expanding
existing networks of slow traffic.




The projects in Nortthimburg, as listed by RMO Vendgnlo (2011), can bassignedo

variousd 1 SLJA 2 F ek § S NRI[TheRBSdslimed that these projects are
AYRAOFGSR o6& 02y (Aydz yS atifisstSspatiallanni @édsurdd;, y + S
then pricing policy measures, mobility management measetesterawere not sufficiently

to achieve the goal of the projecin thisresearchtK S WQ[ I RRSNJ @Iy +SNRI
instrumentto identify solutions to accessibility problegisut notas a tool in the decisien

making process.

Most ofthe projects belong to theeventh stepf the W &fer of Verdaal Qrgects on this
a0SLI 2F GKS WQéard naRigiNladiojgctsaoScbliRngiicoE|© cdnnections,
such asbicycle connectiongcross the rivetMaas Moreover, according to theintegration

tool the effects areaccording to documentary analysis regarditige last steps of the
WO[ I RRSNJ JThy praiet NdRdelniagQie eansction of the bicycle connection
Mook-Cuijk is part of the fast cycle route Ctiifflook-Nijmegen and therefore seems
interesting for a relatively largpart of the populationof North-Limburg.To execute a pilot
onalowerstep2 ¥ (G KS WQ[ I RRESpNGt V@il by execStésByhardingcapacity

extensionof the A67 between Venlo and Eindhoven. This project is applicable osixtre
step2 ¥ GKS WQ[FRRSNJ @Iy SNRII &aQQ

By executing the pilotsit is important to provide insight into theeffects and calculations
that are related to the objective of the projextThe objective ahe pilot regarding the bike
connection is to stimulate the use of the bicydby constructing the fast cycle route Cuijk
Mook-Nijmegen.Therefore the most important attributes related to this project ateavel
time, travel cost health effects and traffic safetyfhe objective of the pilot regarding the
capacity etension of the A67 is to reduce travel times. Therefore maps regarding travel
times are geerated toillustrate the impact. For example, effects @ir quality, noisesoil,
nature, water, etc are not related to the objectiveand thereforethese effects arenot
visualized.

4.2. Bike connection Mook Cuijk

4.2.1. Introduction

As described in paragraph 246 Yl Ay a02LJS 2F GKS WQ[ I RRSNJ
construction of new infrastructure can be avoided as much as possible with other solutions.
Therefore, in line withti KS  WQ[ I RRSNJ @Iy +*+SNRIlFA2QQ> (KNBS
WO[ F RRSNJ @Iy =+ S MRhislpata@raphAn M&Bmpd éf & drasude refited to
steptwoWLINAOAyYy 3 LIRfAOCEQ Aa WYWQiEthrSvirketslpdssbe @buy. & dza
a bicycle including substantial tax benefit. A measure related to stepe WY 20 A f A G @
YFEYlF3SYSyiGQ A& G§KS LINRA ZhJprojaci df RN Worthihiburgo A O & Of
regarding the new bike connection between Mook addijk is related to the step seven of

GKS WYQ[ I RRSNJ gty =SNRIIaQQo
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According to the Bvince of Gelderland (2016)he
bicycle bridgeacross the riverMaas between the

Melerhiaek
villagesMook and Cuijkmarked in blue in figurd.2) is
the most important part of the fasbicycle routeCuijk
Mook-Nijmegen Herewith the Province of Gelderland
will encourage the bicycle usén the planning around
the bridgethe extension of railway infrastructurevill N

be taken into account In addition, both dykesand

N271will be crossed idlifferent levels. On the side of

Cuijkthe bicycle bridgeeonnecs to the Lange Linden;

on the side of Mookhe bicycle bridge connect via a

bicycle tunnel tothe Middelweg. The new oad CUiik

sections are marketh bluein figure4.2.
Figure 4.2 Map of the environment
of Mook and Cuijk including rew
road sections (marked olue).

To provideinsight into the effect of a measure osteptwo2 ¥ (G KS WQ[ I RS NI FI
the impact of WQ C A S is dluslrateq” Rdeed, the governmentprovides companiesthe
opportunity to offer a bicycle to their employee® encourage commuting by bicycle.
However, he advantage of a new bike from thieQ C A S depenifs2 W QIQ LiSchide? v Q &
The average benefit i82% of the purchaserice (Nationale Fiets Projecten, 201@s a

result, there are only effects related the attributed NI @St O2adad® ¢KAA& Aa
does not affect e travel timeof transport mode bicycle.

A project related tostepthree 2 T G KS WQ[ | R Rdbdeinghe prioritiz&tibidof | & Q Q
bicycle routes.By giving priority to transport mode bicych intersections the delay at
junctions can be decreased, and this encourages the use of transport mode bicycle.
Therefore, theeffects on travel time by comntional bike, pedelec, and speed pedebre
illustrated. There can be assumed that the effects related to travel costs by bicycle are very
small.

The project regarding thenew bike connection between Mook and Cuig related to the

seventh step2 T (U KS WQ[FRRSNJ gy +SNRIIFIaAaQQd ! 00Saa
accordingto2 0 KSNJ aidSLJa 27F GKS prevd¢insiBhRibtiNthedmpyict of S NR |- |
measures that are related to the objective of encourading use of bicycle on other steps

2T GKS WQ[ | RRRebdigy the newShikR tohnacioBffects are visualized

related to travel timeandtravel coss. Moreover, to illustrate indirect and externadffects of

the new bike connection between Md& and Cuijkthere areillustrationscreatedregarding

health effects and traffic safetigefore and after the construction of the bike connection
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4.2.2. Dataset

To provide insightinto the impact of the new bicycle connectipa networkis created as
network dataset in a geodatabasesing open data (NDW). Roads which are not suitable for
cycling (e.g. motorway A67, A73, and N271) are not part of the bicytivork. Therefore a
field isadded to the attribute table. In this table road sections thag¢ arohibited for cycling
are scored as 1 anthen the roads with a score of 1earemoved from the shapefile.dtds

like Lengthkm,Timel5 3, Timel6 1, Timel7 4, Timel9, etdl be added to produce
accessibility maps after creating the new network data3eavel speeds of 15.3 km/h, %7.
km/h, and 245 km/h are applied tgrovide a representation for respectively conventional
bicycle, pedelegpedalingsupported up to 25 km/h), and speed pedelpedalingsupported

up to 45 km/h). Free flow travel speeds$ these bicycle types are respectively. L&m/h,
19.0 km/h, and 2480 km/h (table 4.1). Thereforea delay at junctions is implemente®elays
are implemented at junctions tprovide a more realistic view of &vel times. A second
(0.08 mirutes) delayat every junctioris assumegdbecausdhe delay at junctions is mainly 0

15 seconds in th environment of Mook and Cuijk (Fietstelweek, 2015). By applying a delay
of 5 seconds, the accessibility of travel speeds of 15.3 km/H, k/h, and 246 km/his
similar to the accessibility of free flow travepeeds in combination witta delay of 5
seconds.

Table4.1: Mean speed per trip in km/h for different bicycle tyf@shleinitz et al., 2015)

Bicycle Pedelec Speed pedelec
Speed 153 17.4 245 |
Speed fredlow 161 19.0 249 |
Speed Free flow
30 30
25 25
< <
£ 20 £ 20 '|'
£ 15 i R < 15 ' t
© I - 1
Q [T}
2 10 210
W vl
5 5
0
<40 vyears 41-64years 265 years <40 vyears 41-64years 265 years
Age group Age group
Bicycle ———Pedelec Bicycle Pedelec

Figure 4.3: Travel geed and free flowtravel speedby bicycleof different age groups
(Schleinitz et al., 2015)
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Figure4.4: Delay at junctions (Fietstelweek, 2015)

The speed of cyclists moving through traffic varies consideréd6ROW, 2010)The speed
depends on personal characteristidscycle characteristics (such as the type of hilea)d
environmental characteristics, including the traffic environment and trafiensity.

Because cycling promotes healpiositively, cyclists deliver higher productivity. The social
effects of increased labgroductivityare on average around 0.05 euros per kilometer, both
in urban and very light urban environment, and both insighel outside buikup areas.

In addition to increasing labor productivity of cyclistgclingis also increasing the number

of healthy life years and life expectancy of cyclidiscording to the RIVM (201Q@pe burden

of disease due to inactivity a&bout 270 thousandALYs in the Netherland3ALY stands for
"disability adjusted life years" and is a measure of the overall bumdersed by diseases. It
measures the number of people who die prematurely due to illness and the number of years
that peoplelive with disabilities due to illness. RIVM has assessed that if inhabitants of the
Netherlands would cycle more frequently (one day per week extra) and loegeling30
minutes extra per day), the disease burdeecreasedy 1.3 percent, or 3510 DAL#Her

one year.

With the premise of RIVM (cycling an extra day a week and 30 minutes on each of those
days) the following calculation can be made: If we assume that the average citizen of the
Netherlands cycles 2.2 days per week (20 to 30 minutes pe), tlag means the starting
point of extra cycling of the RIVM is about 1.1 to 1.6 hours per week. This is 15 to 22.5
kilometers per citizen of the Netherlands extra per week at an average of 14.2 kilometer per
hour. If all 16 million citizens of the Neth@nds extra cover this distance, 52 weeks per year,
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leads to a reduction of 3510 DALYs. With a score @dfODkuros per DALY, a score of 2.1
eurocent per kilometer to health benefits is assumed

Travel costs and health effects (of cycling)

90
€ 80
3
8 70
> 60
()
g
= 40 Travel costs
"% 30 ——Health effects
< 10 P

0

0 1 2 3 4 5 6 7 8 9 10 11 12
Distance (in km)

Figure4.5: Valuation of travel costand health effectgof cycling
FieldW . @ngthknimeasured byalculategeometry in ArcMap 10.4.1 (figuek6). To create

a new network dataset some steps have to be continued. In the step to specify the
attributes, these are calculated as in tadle.

Specify the attributes for the network dataset

! ® Name Usage Units. Data Type Add.

@ Length Cost Meters Dauble
Timel5_3 Cost Unknown Double fiemeye
Timel6_1 Cost Unknown Double
Timel7 4 Cost Unknown Double
Timel9 Cost Unknown Double Rename
Time24 5 Cost Unknown Double
Time24_9 Cost Unknown Double Duplicate
Conflicts Cost Unknown Double B
Labor Cost Unknown Double
Health Cost Unknown Double Parameters.
TravelCost Cost Unknown Double
Timel6_lex Cost Unknown Double
Timel9ex Cost Unknown Double
Time24_9ex Cost Unknown Double

[ <Back [ New» | [ GCancel |

Figure4.6: Fields in the ew Network Dataset in ArcMap 10.4.1.



Table4.2: Specitation ofattributes inthe Network Dataset

Name Type Formula Delay

Lengthkm (km) Double  Calculate geometry (km)

N CHESRCTER RN /ls)B Double  [Lengthkm] /153*60

BN CHRNIECRN G /ls)BN Double  [Lengthkm] /161*60 Junction (0.08nin.)
M CYYAV NG ) Double  [Lengthkm] /174*60

Timel9 (19D km/h) Double  [Lengthkm] /1.0*60 Junction (0.08nin.)

LR Al Double  [Lengthkm] /245*60

Pz P2 N Gl Double  [Lengthkm] /249*60 Junction (0.08nin.)
Travel osts Double  [Lengthkm] *7.@

[Lengthkm] *4.066 WQCA S
Healtheffects Double  [Lengthkm] *2.D
Conflicts Double 1 (one conflict per road
section)

Key figures of traffic safetygarding transport modear, bus, and bike (in eurocent per km)

are calculated by SWOV and Ecorys (2008). However, regaralifigysafety, it is important

how many points of intersectioroad usersan come into conflic€SWOV, 2014)Theefore

the fewer potentialconflict points, the safer(SWOV, 20140n the basis of this statement,
traffic safety is visualized byemumber of potentiatonflict points. However, there are also
other aspects that of importance to traffic safety. Moreover the $afer risk of an
intersection is usually expressed as the number of accidents per number of vehicles passed
(intensity). Valuation of travel costsand health effects are respectively 7.0&nd 2.10
eurocents per km.

Because the travel costs of transport debicycle are mainly related to the purchase price,
tAd FaadzYySR dGKIFG GNFX @St O2ada 2F LI NIAOALI Y
travel costs per kilometer are (18f2) % of 7.00 eurocenmtvhichis equal to4.06 eurocent.

Arestriction at roadsectiors that are for exampleJongerthan 2 km can also be createdt
can be assumed that thepsed on these roads is a few knaoir higher than on roads
shorter than 2 kn{(figure4.7). Another recommendation is regarding heighfferences. This
is because travel speeds by transport modeyble are dependent on heighifferences
According to figure4.8, this is especially the case for the region northteas Mook
(Groesbeek\ijmegen).
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Figure4.7:. Travel peed(km/h) at road sections (Fietstelweek, 2015)

Nijmegen

Molenhoek

Mook

Figure4.8. Height map (Actueel Hoogtebestand Nederland, 2015)

4.2.3. Analysis

After creating the network dataset, theffects of the different measuresan be analyzed on
the bass of the different attributes.AppendixC shows thevarious maps regardingthe
accessibility effectsThese effects are visualized lgaps of the situation befa the
measure the situationafter the measure and the integration of both situationgigure 4.9
shows for example,the accessibility maps in all situatiores the new bike connection
between Mook and Cuijat a travel time o24.5 km/h.

































































































































































































