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Abstract

I nst @ead i oiff otraxeas owReUWsdipqgl iapyalpdds elwBetcdhh car
owneos |l d havef e tphg ntamkresr of KkKiAtdmeeattn exn tfloey ad

mobi |l ity taol ttehren adiaifvfeesr ent ar eas nof ecsohnamiblsat yhoerrd da n
t he govseo rfeernobj ective of this thesis is to ider
suburban, or rural areas wpblehewapsiwibdyseassc ingl |
the spatnsakfcegaud & gwd tbliild ttyransit and cycling

Anmmu lptaimd c e s iqiaticitthyad ddewenl oped f ol l owing the ite
Design BhopGiobdmripmsgseenn r egi on aRe par essenretisariags ey | aervesd .¢
accessibility has been measuredndbba&®bdhkeni et wt
analuyssiGegppgr aphic | nf or riasti ondgingle Sy s nams o Gic® sfti rmanlal
met hod off éraveihmsddgueel iithi es a hldir k gpuddsiecd ttacgadtshiet c
connect seqgueasluilttyi nsgcores t o theadpdperaentbDaedgerei

to the compladxeetilsse, ufrienalf met hod offers insight i
PPU policy for tilhireiendgiicniomaapepteirs®lnagssur ban, su
Rur al residenhsghavehet R&@Asf doe public transit &
ti mepapabtodarccsessi bilitiyvepgedakiltf igingotcreasspltbti me f
tran5|t ammotsloe dt ahre & $pfesrc d leaod | t he deoskt isnaoirdeosnls u s
high inequalities areD@gmandi ygmbdaegee B pien orfurcalr &
mi | eodbgeper schre wWhld tdaxsadvant ageous asf orpptovsoe do uto
t hree O eresMiviTd sPrPdJax e X pmpeme ersur at epmusbomp ygrheed t 0
t her ban andegsmwhraBenessi bility equality scores
transit awdalalidkea narte vrec .

Ths turedkearsli nes thaeddirempesrngnebdeosufficing or | a

modal ities among regi oinrs pticlteeand.d @antP PdUbse ppabaypl vy
overlmpykedrrent resear gbvmaominhie®s ipodnedcybyotuthae ac
benefwiheinalt he car is | ef,t whaipgkieabrsssii b | &nt dhasgrioirteh
accesseduadlittyy ogchor e&si o algeasmc dbiAgseinl | ages.

Limitations dfubtahciks nrge ssajaarad hs tiyaceale ar sa@diyaddnygt r av e |
ti nfeu.t ur e croeuslednrsic elr e men knioidga | a ¢ r wpckols t als taodfri v e
modes of transport.
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1 Introduction

1.1 Background

Dutch car ownertsaxwsg |lcanon obwmgeshppyfrom 2030, bui
they drive their car, according t%o Ruhtet ecuertr eant.l,y
The aim is to maintai n;eamdrs stiaxn sr.e viehn Be dnmazdarsadi r rea d us
GebruB&k@) , referri ng-Péls etbh e PcPolh)c.e pTth eo fr adtPeayi s n ol
pl ace. This means that it does not matter w
erl ands an@®duebtoadheréihbioefiythe28abehnepment
ansempses o ppveadh Ri.Threexla2b3wnét deci tté swifef oe m
mot orwivlelhiltd ecamtxi nued and if so, how.

PT—~ o

i PR @l eca@af mobohithkei Punhoh. pelwérne clhhdavagkrad
roduce sBedhvea ns yls9t®BOnpaboedd a®tl fopr htehtedbr@& k enii
Sthpeasrdd aiment for a fixed amduRandsitrhhaeshg t h
aggl omerati(dweeflet KamiSenhdenla&®n e ®O8Pedar s | &
prf op dMdednle ki | cdmentaesr pdriisjcsu ks ¢ o maixm envatsi phr op osed
a motor %éehiomeé ceax hehhelepended on where a mi
(Tweede KameGermnemrad®Plt,at2z2h®09

t howgh etvheous pr oposailts sweeaideal dshextc ehses ffiall,l of
e CRIFU egmitcaub @ dopt ed Tihet cColuaw.i | ofi nMi2Znh2sd emd ag
tter to the HoTuwseee doef) KRaenperhe stehnet aftiirvpetsag(b abvamat Ri
Harbers, 2022) ouSh abeeee ela icetinbdeu catbeddde t o make choi
e el aboration of PPU.

of t se stuMiesstrcyndiucteflrdaygt it W(l&Wuarned and
Mi ni nyYoaB) Fi eabeets on car fTheesmiandtine
cul at reheesobet deéiWehhel e uTnaoet notrMYIDXtouwyi genbel
thePPotpuenr province, with anddiurehlai mtshoruglhet v
|l ow popiuhatiuoal deneas ywoul d tihmp IMi nli astrtlyait edsr if w
aminlueaalg ei no ft hcearNed heirglmemdsi n ur ban aTkas com
ing is basedtormrsd@tedhfemdaldanBtea éay (CBERUHEENGt &
account bdarawi edfmicd sffireerpdxmba dtved ltedss kil o
e i mpl ement at ilbbnetobhe gher PREUhma lbiamy lae @a@es ¢ o m
uralt haer east orcupasee afarecwmwed |. be greatest |

he
St
ed

A~ 3>30O0D0DQ — Dd®0

- & O Q

O "> TS Q®Q IO

1.2 Problem statement

Al t hough peaorpelaes iwi lulr bhaanve t o pay tole trhestMi aad sdrr
I&WandMi hée st apn¢c@D,2BY)mopl e' s access t os uaclht earsn aptuibvle
t raamrsd tcyicsl innog o beiidngerseedaornenhi ssi oned bAxcthedigogero

Breukel man (2023), as |l ong as this is a voluntar
frequently than others does not necessari:ly <con
APayfPRgdehi cfertaskpg, and therefore |literally the
basically a fair starting point. Only then must
(Breukel mRes e 210d3t) hbeyrKinadnel & g e Il nstitute for Mo b i
(Kennisinstituut)svhooawlsralebdkent ei bfberlbeald areas t he
of orced car owneobkhamps podtoepaviesZngay 8et. al .

n the House oihisRepuiesenh ag i Medeg beenHagascasksed .o
b oruutr al residents who ar eheipdplUsospyopith dannsaitteulryal af
reas is 'miserably poorly'’ oMagrakn i 18 ahrehi ennli 58, etir n g

I
a
ar e
Il &W ef er s i nt diisanaatsahghae s rt ehkbtiear shr pf of Il &W and tt

1 Written in accordance with situation 88 May 2024



Finance 62@mid)yent hdte hi gher annual mi | aeraegaes ,i ni tu
is not expected that the introduction of PPU wil
drivers ifHanubal dHawehde) femrexdessi ve accumul at
consequences ia trtogdiaéc abwagn ipo | SttNid3a | 2@0a2r3t)i.e s

Al t houMihnitshtery of | &W and t hear eMi thaldion gip caipu Ritdrsa n
behavioural effects intheymdomoduwddsrtihwiring eddedsifsee rke
areas of t haect Neatl hegr lhaanvdes t he possithoi laseyé siteod dr i
desti rPapulboasi amtddenali typludbliilzintsy t af al areas of tt#
usually differ consi decroautlalyd Ift roo matrhea eRaeamdethnade, W
I n conatuenwdiman!| fadd e mo kinl idtiyf faelfteshrhreaatNieshedkes | iam d ¢
research commi ssiomedabgi ndhet e v.Slpamme rmdt iaocnc esfs i
di fferenckeksesr Bhowensi dered when determining how t
applied in a fair manner.

1.3 Research objective

1.3.1Main research objective and central question

Therefore, the objectwheetpheebrpt Ri eiituhinargrinh niobah o i ¢
rur alwidrle disée nmoafifaelcltyed by this new policy, takin
optiTohnes f adhtisesf s t hemkey oa e@adiall eracgten, alsstessi ng t he

equity of aadsexnsiidielriitnyg kay t ernati Vee maodd d § ¢ iyb iolpi
cerwvaloed dewh iianaet i dentse r ithii nse dr edsueriareghmhe®srur ed f or
di fferent mode s ub$§ e gareamasdpyerdt feord regi ons  wi th
ur banifsnatessn e tl hiasy devel oped foll owing the itere:
(Rt D) afpoprroasb study area whi ch.Resgidoentse rwihienreed tdhu
of the future PPU policy will increabse thiesmmann
be i denAgf i bidhsasobg ercitghvley spati al aspect haeogr a
beesed this research

Tooeach this objective, theT@dewhatwt!l exuest i whl lof p
ur ban, suburban and rural areas -Pelsfeidbn anoctioar|l |vye he
tax policy, taking into @account alternative mobi

1.3.2Sub-objectivesand subquestions

To answer the central guestion andbjibosi veachatvtvh
set up that shoul d beobgcelcitda weeds., Tagouceoetapaaineyti bnegs es u:
answered during the research.

The f torbgtecslibve is to clarify the societal probl
effects formed by wunequal hasahephrtvethothy @ancaves
foll owgungstsiubn (SQ1): Which possible effects of
society are yet unexplored from an accessibility
Subsequentl yobtiltets@eeond dwb ascertain how to qu
possible effects on accessibility. As the main ¢
the segardtswm ( SQ2) :i tHHowj ucaennt i a cad @ svseil byi Ilbe measu
of transport wusing GI S?

Thirdly, it should be determinaedcwhat hgr beheepss
existing data for different degrees of wurbanisat
degrees ofhawe sthaauddraédoand compared with each oth
(SQ3) i s I's it feasible to use existing data f ¢
costs for different modes of transport using GI S



t is iemmmpphaansetbhat the development of the PPL

I

fall of Itthei sc anboitn ekknnown yet whether the reform o
the new cabinBés@minudeaedcthissi, nthyow.t hi s itthesifserrse mail
spati al perspect i veheonn tthhee nperxitn cciaplien eatf nHPRLh.t c o1
reform, this perslptecitsi vweo rctohu Indo thien gu stehfautl .t he r es
as a comprehensive financi al calcul ation of the
the i mportance of consiOdéereirngy edhdacdreapghixeal sdicfhf e
t gxnd pur chasecotnasxi deerreedna n t,hiass rtehsiesarrcehs. e aArdedhi ta
aito be dédgteuadny nreeei dcNetihrer |l ands, no claims can b
Finaldgcessibility is measured in a general sens
speci i ®aguessred mobil ity groups.

1.5 Reading guide

Firattheoretical backgRbua@al id&r ep raoi vm edde (At hoa pbt ea/ hai ncsh
2) The selecti ogae tfi nahtdi odnidti, sy dmmes edah e methlpdelr ogy
(Chap3)er Subsequently, t he dmeevteh csdh rexnbtly a onfeeadnise od c
it ercaytd(@desa pdt)er€8 resul t sneb faaehes & iCthead5St.erFitmal |y
results and mehésidel aghh adbtsetnhh cded s( fol |l owed b
answer the centrallClhagygeli on of this research

y



2 Theoretical background
Thi shaptrevamdesvelwinadwct edbyr s @agth nigni messi bl e ac
effects of the PPlWcpsalbiiclyi t§ySemdaRacs@inroe? . 1) and

2.1 Possibleaccessibilityeffects PPU policy

Based on lunexphtaoregiocpitegsailblef fects of the wupco
accesirlei leixtpl or-sedctTmen énfhdsssieshe btt i on aims to cl ar.
statement ( soae tSkeedrri etni clanX )vegrsiensgt i onb 1 Whfi cthhi s

possible effects of the upcoming PPU motor vehi
accessi bil iTtoy amesrwsep e cthii vse é&usk satnitdsa fwintimg t he acce
perspecoimvanppospeBecd.ebhbnif)ol | owed bispregmiitght.i
aspébectiohRi malll.y2,) the rofesodo man cesd vinkeidl ibtyy tihr
gover omeiret upRRPWNO INfigesgyear c h (i e cdti iPoo eb.eld.i ng knowl e
deri vetdhef rloom er ature on dSpatiisalc oanccd eusdseidb iwhiitcyh ipmo
ef femtost arbegget bd Dutth gover nmen

2.1.1Accessibility

Accordi ngmmo &SHiSIKCi thene@2@l7)dj str i Groaiin nthobpei cac c e
|l iteratur e on.Tthrea ctsommcceetpst alivdfs edpdidyda me central to p
| asityteywirmpr ovi ng accessibility maiasgoebhmthaansp
pl anni ng-markd ngo I( iGeyw rlsn e(ti natle.r,naz0 lo2n)a.l ) | i teratur
to the study by Hansen (1989 potwhoidéfiopedr acoe:
Besides opportunitimesef sipletfitniédad othnisorm,f atclterssi bi
of reaching actividmasetoraldest2®mald).ons (Hamer

Whil e accessibilitayx crasgpdneoxdas! itthye naeba sl efsr dbtohe ab
one place -Genaindy h&rLEéEINson, 2006) . Despite thi
accessibility are dftt eins uismepdo ritnatner cthalnoee ad iynh e
di stinction between the terms is that accessibil
rat her than the ease of -Geaeelyng§ hbeBhdireebbe BBO&
focus in mobility is mainlii pogm Itehwe Imo vefmemd b ialsi ta
necessarily reflect high levels of accessibility

Geurs & Ritsemapva@aAEcK i €200bur di fferodntwhd armpo!
t ter ans pmp banrechittaime( carp a)tcioanlp orneecnur s thuaemg ecsi bi | it
To il |l heseatoempbneanrtgse |l oyv ewiltahp t idhatwaccessi o hdc e
according to Handy a& sNhiaenaeit i oaaCE DI d)i n(g (2O 2RJPdr i
(di staamdoe 9.t i on

The transpoerxtpreedsgmpdeareaems oafndt ometdfef adritsut i | ity t|
encounter when attempting to travel a(Geoutai & di
ema vaRoHckguRéeDa&fhd Ost) odai ésfurtiicltiitoynd6: t he | ocat
on r dalsatliivkeeltyo tot hbefrtsehef mpet Bbtcessirbhepo
y determined by the service provikhededyet h
v el can be measured by travel di st.anacre, toi
Geurs & RIi hsempc Mahesei drrka,n spéfiFk hetosmpoaenf
.destinations

o]
Rits
fricti
| argel
of tra
effort
reachi
ty is therefore greatly dependent on
the more destinations that can be Vi s
eCosit srd, aX @9 hpt Gobheld ymendaetasy swch sa
ften used as i mpedances as well in tr

Acce
on t
(Han
ti me



These costs vary for THefetéoeprti mnodRséqbhabiemppot
wi der the wvariety of modes for getting to a part
the accetbasnidoyi | & t Nidemlei eAc c el9Di7hi Ipi.t yl 1lcredulsd nlgé e me
transpor toadtorooo mobideeati on of diffeuvuemhpal emspEoahna
and bi(Eigen eisdy & L edvaimmesresmrma 22061 ., 2023) .

Ont he ot hhred amdndset (or spptumbmpubntb m@oe gecali vt y i
present at each | ocation, as wel |l as (lGewr she&s e
Ritsema vamiHeBa¢lkd csthp Omhefnltect s on the spati al di st
of potential actiev.igt.i ¢ sosbbso,p gheosngdidniipdoereomat i @afl di st
activities can detteran eped mtidied @lt@iraahcdt gi avkeil@idsamed fe r

Therefore, destination choi cé@hies makrseodastenat abi
greater the variety, the higher thellydeebrdfngcc
tdHandy & Ni emeiEd@Gen(el IY7 )& alnegguwtihres ofni r(s20 2LLt)ep i n
accessibilidyce ss ttod mealsius ebecausei nednpclaotyomre naf soe
act iBveistiydes | odbfst Mersaimmlae¢ $ ons are healthcare fac
cultural facilities (Park & Leaend 2900rleen ssphaocpeps n(g
al ., [@eOpOe8n)d.i ng on the aim of the research, ever
i dentsiifraceade s 4 ieltviellist fodr ent ty pmay daiioftddewity patt oo sl
or igrigpddandy & Ni dmeceessil®BdlV)ty of key destinati
often strongly shaped by a persondés residenti al

The chosen destination(s) could also depemnt on
it

accessibilityéd concerns reaching (basic) facil

| ocal super mar ket s, and primary school s), whil e
activities in aallasrrgdraragred damepsg mamaiNgpidbesna2 @2 2a)
i nternational accessibilityé is more about mair

thaecti vities tletgtakemuplemeatt pealrdcatainadn se)c.onomi ¢

Al t hough accessibility may be eval uat eldi tderfateureen
that accessibility is determined both Bgsitdhes tr :
tdise two compranrent&s Ritsemdewtainf iEecck t(hR2e0 0tlgeg mpor a
components oTfheacfcoersmseihberldftbyetbtaabi | ity of, awhiilve t i
the | atter reflects the i nbdaisveidd uoanl pveaolpu aetbiso nrcsh aa fa

2.1.2Accessibilityand equity

Since accessibility t askies wentlo acsontshedediasi ancd
accessi bohs tapgetoasld a ndi cator for inequalities (Di
202Dpsufficient accessibilithecapt | @ad itobstpassi

expl ainedsedacnt itchni.s sub

Transport povertysocial exclusion and transport justice

Il nadequate accessibility of deat icomatbii mmas i and wi n
personal capabiclrenases bbaskohubphss eo ft lpaetopl e wi I | be
in the mobility system towaula@ésseffexténbom obr a
(JorritsmaLwedasalet st @R0t1e8)RLIDAHB )t rramistpiod it mnpmIiert gyl i
consisting of :vamoibads tgi mpenwvirdrys accessiihbiylity
Jorritsma ept. eflp.lda(if2fi0clt8ee@ ces bet ween t hese di mens
ifiThe concept of '"'mobility poverty'’ refers to
This is in fact about i nadequate transport of
on the efdaarad (tmomee)y,t hat someone has to make
t hat are i mportant to participate in social



with a | ow income, but damcalds @ a)r,n davan @& srha pu |
whi c hi ncooome households spend a | arge part of
|l ack of alternat’ive forms of transport.o

Ast huep c o RiPlUg pol i cy is considered fromhan mad e d Dich
i n thiiss tomestihse O6accessibilityompotveetgdpdamanson
di menbyoderritsmat ebewdaners 20hla8t) accessibility pi
conaeptit is i mbedded within transport poverty.

Based on an exeegiheduwiet dma eddtavtallrcep d ® 04 89 ommacpe pt u al
the relandoeshepss of sevel(ahef pcobrmréntpayt opdwvi
(see BHiTdherenodel tslampgpoehay thbhesisterphagebmbivae

di mensi ons, whviacrhi oaursA acsepuescetasn.bypart of t thies mode
i naccesfibttivigctoncleoaoast itdhhes i nability or difficul
services, educatiRel evaaandt smwau sad s nfedrwotrtkiss i nacce

poor suptpd gn ghiutlglhi « o satn do fp otorra nssppactrita | conditions.

Figa€enceptual mo del of translpprt poverty by

(in)Competencies

No car Low income

Poor supply PT Unemployed

(perceived)
inadequate Socially
transportation disadvantaged
options
(probability of)
Transport Poverty

High cost of transport -} {---Low-level skills/education

Insufficient information -+ Poor health

Poor spatial/
living conditions

Socially insecure

4

Inaccessibility
activity locations

¥

Risk of social ;s .
exclusion ok Quality of life

Source: JorXBtsma et al. (20

Overaalplossi bransepbei s polkata pwrfi sk of soci al excl u:
has an effect on the qualii tQi oorfmol i& €S h(i Jararni t(s2nal
al ack of access to transport l i mits adcnestsurbn | i
increases the riMok eofspheédipdlacex olicaieads .dewmmy | ar e
limit access to transportation( @hpuricothGPBatehlilsy i s
overl wpphangci al e xcl aitsri aoms peer s ypperdatvdira wed from a t
justice pAecoespeichi viety coul d be reevgearryd ecdi tai zperni nsahrc
adequate | evel of accegqsliobirliittsynal heita wat.i Radlcli8@é¢ r
holds on to a basic accessibility, whi ch serves

Transport modes: car dependency

From both environmentiatl iasnhdr eelgeuvianyt ptea spempdadrve sd
(Benenson A&t raehspn20tf) t his issubtshhaatntdarl d yt éehndy ht
accessibflcay acceossasbiderapl yshi gdeecdad hiabri dpiutby ,i

2Translatedrom Dutch

10



can be considered car dépestent d(sbhemea piec@mm | ¢cth d & |v.
rur alvaltuweas rur al |l i feshagteptandomamadmi gidrdamdnd o
choices to hayvesoamestiinmpds faitedt el feex pense of | ess n

2.13 Role of accessibility in Dutch PPU research

Tanake choices for the devel opmendommi PPl peoddity,
i nto a nunfbVearn2d2Bygobpeodyi des an overviewtbé&é t hght
col uimrs, st ated whether possible accessstiuwdilad yi neftf
correspondinngt hree sfecarrnrc hof quot es.

the comparhaslofn o ft tadptepuedhioossshu dytadedat e rt wucH e s s e
the concept of accessibil i.Eg pandidnabrleyseeramacthi v
ensndedst hteldda b gtt cawadrsd spo heb ®P&dspect of tran.
s ,TWymasogacGuddzq2Mat Degaic$;i oAr,u p2 0& 2K FCMG, 202
deaclyaaadcdoss t o al t er &t imvperoinmbdeimgaétryn so potfi oDnu
ecbdsuRevnext20&2pUCasd Knoope ethat . ({k2oaaypyi
t she HPU polsiidygngt S n various regiored farce no
estated in the introduction of this thesis
fferentiate between ddiset sMifndrstrru easl dauthau
rrannual mi |l eage in urban ar easoccournpiaadk dc aro
be gr eastkoswe vier ,autrtbeamt iaone i sr paé al ¢ d ctatrec @I e
ndelhagkiamgl mobi l ity alternatives.

Qs >S~0VO-Sa®oCcT
O NSO TT

Based ometchiimnsulmgiarawem -gaestieéorstiovisiutbhi potsk e dil
effects of the upcoming PPU motor vehicle tax fc
per s peXptaitviea?l i nequalities can be measured by t
components of transporé¢xahdsiliamd everydoeaviboud!| @
opportunities according to transport justice the

poor spatial l'iving conditions can sloedadlt e xtcH airss
From research commi ssioned by the government it
dependency and | acking mobility alternatives ar

guantitatively messdaroatheach amacreg sridbgilaty per spect
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TablCompamPP&Wersearch commi ssioned by the Dutch government

Aut hor Name report Ai m Spaticalesase dudiliyy

MuConsul |[Varianten voor talEl aboration of threeidaOther (financial) effects for

Revnext,|naar GOhderkoek nstructure with mappi|lthemselves, such as aascad@masné¢deu

(2022, O|ldoel bereik en enk car, are not taken into account

Knoope e|{Verwachte effecteExploratory researchliDue to the different partial e

(KiM) (2|gebrumkichtelni vam/soci al effects of thin the city are better or worse

November|en een expertsess introduced. 1t would be good to
PPU across di ftfaekrienngt irnegi ocarcsc o u I
people have available. o (p. 58)

Mi ni stry|Verkeapcegten ond{Official exploration|-

Finagmode 22 naar Gebrui k associated policy ef

November surcharges under a P

Di al,ogi c|Onderzoek kil omet|Vi sd@algi three possiblldaln regions where there is no (

Twynstra|lvoor betalen naarlregistration with PPlof PPU may be | ower. This can &

& Dedi2d9i2 and thus access to mobility 'of

December
Moti vact|Betalen n&esugeht
(2022, Dikwalitatief en kw

ing the attitude iNot everyone has the choice to
zens with regardipeople have difficulty walKking,
their work and there are peopl e

oL
-
-5
e

trangs.i)til4
iThe degree of urbanisation has
PPU Only Dutch people who do n
l'ikely to be positiveP®WH .f.a)i rand
tax (. ) They therefore more
extent that they cannot | eave t
this group often meRPPUWOhS$ tlesud
traffic through villages akaea o
shortest (gpoJud®es (...).0
Landsadv|Advies Betalien naAdvice on the questi|-
(2023, Mbuitenlandse kil ofree movement rights
which tax must al so
driven abroad.
MuConsul |[Ef fectstudi e BetaFoldupwresearch into |-
Revnext,|2-Tabell enrapport |variants for the rat
(2023, M indicative policy ef
di stribution effects

provinces.

3 Translated from Dutch
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Aut hor Name report Ai i Spaticalesaséedudiltiyy

Mi ni stry|Bet al en nilaEfrf eGetberf Research into cost d/AiThe average mileage per car al

& Minist|lautobel astingen ethe income effects odifferences in effects accordin

Finance areas, the annual mi |l eage of ca

May) why the cost -docdr@esres oif s otwme r g

ar efps) &

Arup & K|Verdiepend onder zjFol upwresearch into A(...) PPU can be seen as unf ai

(2023, Mlen keteninrichtinand possible measureexamplheegause car use i swhiektemm
kil ometre registrati|do not always have the o(pm®i on t
el aboration on how t
orgsanhions involved c
arise within the i mp

Knoope (|Verkenning van del Exploration of the cf-

(2023, J|lbetalen naar gebr|travel abroad.

naar het buitenl a

Van den Quickscan Grensef{Making an i nventboorryd{ -

& Jansen|Gebruik effects when introdu

(2023,

Septembe

Wi jermar|Verkeersveilighei|Mapping the road saf]|-

(SWOV) (|é6Betalen nBEteGeéd PPU.

Septembe|leen -BaiGi ant op de

aantall en sl acht o
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2.2 Accessibility measures
The secomjde cstuibidhesf st hssto ascertain how to qu.
unexplored possi bl ewi ¢ thf eGltSs. Sre cd ¢ @ens S2i. Ri.l11i tsyh o w:

accessibility measures. Subsequentl vy, more spec
accessibility for diifdeniiveicamddeh iosds o eaaatnispmortth e
to answer tgluee ssd oomn dHifewt btiasn talcexiss:i bi |l ity quant.i

di fferent modes of transport using GI S?

2.2.1Accessibility measures

Geurs & Ritsemadevmatni fEicekd (t2h0rOele) basi c perspective
infrashased umemslupsees t he performance of the tran
as Al evel of congestiondo and AtraveAl thpagdho tare
i nfrasdhaued uregpe i s easi est to measure and inte
interplay of |l and us&caredr er,ad@&(himg.i sppeasfr meta
hardly wused for measuring accessi btirlansygbwabs ki t

instead of pr owisdgiirbg liinsyi grett(vBeseineentsiahd)er e B 01 4ar e a

Secortdlhw,eackeibwnistexd nmemasluprees t he distribution of
and are mostly wused in ur ba(nGepulrasnn&é nRi tasnedmag evoagnr
This perspective has | ater | bealnasdmodiedebdasient o t
meas rGesuurs & Van Wee, 2004) . The for mer descri
di stributed activities (e.g. Anumber of jobs wit
t he | atst emorfeocaursei ndi vi duals and time (e.g. inu
participate a$ucah gabcasievd ttiymas  ualkso t itdoek Gldeened us «
co

mponhsead Sectibomeypi tal) mohr aer dceorm ptl céSxw maghedr st a & d

y
Cur,t i 2s0Mo07s)t research that comparte amced d shialsitldiotny
measures gtBealeTdh®20Ohlilgh dependence on dbaakebed d
measures difficaltltoeceheott Bihanhsmd@htErgi on
Fi nadtliydd g ed maaalyes t he (financial) advantage
participating in spatially distriRAstadcass$i bilti t
complex idea that is difficult to summarhBe i n ¢
fi melasure crosses over into thanflishdsél omeedsns
research an8cHeuvuebkpp&ds@ummitliasr |-pas edp metaisiodrdegsd,
measareshard tegiappal 9 aalkdee pdeuned ef et rd ihl€¢ dBce ndedntgdo n
et al).., 2011

Anotdhiesti ncti on thhatompsarofntgemcmnadeaiibidurmwyl arteiawseaur
opportuni aind gt madassuerde Helavndye & Ni emei er , 1997; G
Eck, ;RiIGOMei dy & L eSvcihnesuorne,r 280 BRutrh i me a 2W0r0e/g .can b
as aebtaisveidt ymelaes uawemul at i ve oipspotrhteu nsiitmpd £ sme dseut thed d
t otdewontoaiussrochoriltyGemensuke Rit OMA NV an mbtuknad t he
number of potenti al opportunities that can be r e
Handy & Ni emeGeenre,i d¥9 97 ;L eBNMhnd @an , ma2a@ohdi). al | pot
destinations wi twhii g ftueal hagu,tgtreafovetdiyme asauwe e t akes d
i nto accoduemstt:i nalt o oears are gi ven md)Tehi we ingehats u(rtea
sometciamédsadsendr méesur agd etvoe | olipe tnéga r Hapndseel n . b(yl 95 9 )
Al t hough -hdheedyrmevddsyre i s frequentanmypsy pmphbygdfin
eastioercompr ehensd napnl de re vi anldu achamud rast i svudac dmspapsy uktifrien i ct

Geneidy & LpBemsmredo@®00px) &08bhatrgesemple measure
preferredomphexmonesdenti fying inequaltitiisesybetov
means certain that more comprehensive measures g
in the identificatiagmhbotfulrdhiofoddespeniteaceaWhiblse ant i
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simple indicators canadvemdgruestc amploesxe hmd asd wbrreosp,t a ¢
criticise these for tkélandyackR080D)solid theoret:i

Measuring accessibility is often based on net wo
(Stent zel et al . 2016). A road network consists
connections between t hecedndded hendk dgdgas.b oGdshtad
the cl assical( iijj ksttincaa,nald¥BHE)r mMhme routes with ¢t}
al , 2016) .

Since most research that camparse td evaastesdiomielaistuyr el
the |-baapdmnth acft itvdisdeyd) meoasdeureev ainst f or this thesi
based measuroagse damsigihwe i n t hehivaal waltu atni orf idse sn
relevance of tWwishtthkei Boclieombi@ahiesy et PPiog tiunid
based on network analysis.

2.2.2Measuring inequalities in accessibility

Spati al equitlyy cmeadber ieval aacessi bility and many
equity assSdeasmamntdisabbedesdavipproaches are the mo
spati al equity in | Exemptaseof Atimeodeoh ma@dat). t
comparing variances o0f.eduhietsyeechkteivosnu bgfiowe ss oac i parl a ¢
on homweatsawwre inequaliti ks c abhasemdc easpspirboialciht,y cfornopna

modes aofs p®IrS. i n

Inequalitiescar versis publictransit

Benemrso@mO0Ll devel opebdase dl acateisawliidh tiy$s dnemisieifr e o
i nequalities by comparing ttwoa fthreayn sdpeovretl onpoedde sa: tt
Ur ban.,Acwleissh i s abaGlesd aopnp Itihcea t N eotnwoE KkrAAGesGll W6st e
Teimodbeased accessdsisbiblaisteyd tnoamaasstuzeeof t he travel ti

and destiToabieoab(B)to comparbedtfa@ebnmemeansgof
bothe bus (B) and private car (C). Besi dées at he ¢
R0L1take twanleki(HFgom/ to bus stop,aonrd ptarraknisnfgers ptoit
consi ddubhséegment by ,(2a0Blelleé mment he cal cul atamd of b
t he O6serTviecearaeraeac.mput ati ont he feadbhmbhéabdl gat ih;
a speciwiittchimbda cerHawey etrthavceald ctmiémd .es nt dieniamrg aa

destinations that cean abevhiod @glidd fl radotoenrt ad anli gl aat
origindhi ahacmedwat nnati on VWhaenn baen arl gassd megd .t he equi
accessibility, threlag\BEmteentsoald..,i s2@&kpeci al ly

Based hesme areas, Beneegsehoped ahwo d il at h
Ac c As g(aA A)at i o 6 Searnvdir orediSeh Jadt T lhodds e measusaes bdeéfi

fiin ter gapeotf wetehnb atsreadn shiatsledcd aaccessi bilitydo (p.
repr @shenti sne@iuvadn tansori gin O, the Busdfion&€dra

AAbU)BAAU)CAAQU) (1)

Tle f or mulea vdfc etalthed e@ i s bad mpretralsdulr eegcsc e swsiitbhi la tgyi vgear
destinatiagn viemsTlieem dr aotfi o0s wanhbe ae x(pka)in dchas ttiypatsi
or onringi resvy empaalet.yges number of | obsTher BihWmbAaerc es
Area ratio to destinations of type k can be def
be accesseldwidbuhsi eagdt i me

A V) Bbd R, Ca‘)alci[BiyAAU)(EDk/
X{ R, capariBEAAU)(} (2)
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The formula of thecBmpafabViece bAnteagraatni oneiasur e
i npluites e meRsrumwkelsaeedubbhdi B) an i ndexAs vamyeéexgmipled
of i nter pirscesdtdinem sofn teh p )slhbddWwd 2thlal f or destinati
an outcoméepDi menAAO MBI tneiamsé @ hmio f travel, bus us
30% of jobs compared to car wuserso.
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3 Methodology

Bui lan ntghe 1| it ercahtayprte trhesvhiomews,h otdlpilsogi cal choices
eventually answer the cEotwhht gaersendbnwbfl tpeesp
suburban and rur al areas be ffiPe#dseibalmoy oaf vedi e
policy, taking into ac@mmursSteca linteeerfBatlicvhet tingar oiulgiht
apphoactr r cadnudvéas u a l representation ofi & her eesnear tyesc
Secti 8n3 angdh dw 4t eheet tsteesesdafiadye a, tr ansddestti tmoaiesn s
are beudped HismatFHeys Secti on 3. 5c haomidc eSse cmhai doen i3n 6s
antdhper epaocfatti mem net wor k dat a.

3.1 Researclthrough Design

The t hobjdecstuibve iosfo tdeweltohpe sinmst Hdhdads siisbidhbltey t o
geographical differences in accessibility for di
data and e@lch. -bbhj sa@aRiewe ar c hDetshi(rgmiupht hodol ogy has
adoptne d hif odrd vheelsainsi anggc ersed ihboidl i t y

Research and design havsee ptaa atl ie VHiobnmeavdedrs,p i bteee nt hseei
di fferences, research and desi gn bac teixvpiatnide sn gb out
previouskmyowk(eStgaépnpger s & Gi accardjdes2@h7)actliwithe
becama e wi dédpepr aad d.€mincs ewareRntdDl ya,p ptrhoeach i s qui ck
populamdnniyncreasi nsgtly meekbodal oglyGodnn rdéis,eZaafhteh 4 ) .
Zi mmer man et al. (2010, p. 310) define RtD as fna
rom design practice as Gadipgikt Zmatdi mé¢R@dd) ofad
nsights that are gained ahbetutgdouundadrestdamsdigmg p
n other wor dshuitlhdes Ru pboes gpeymedvaictboustei aothnes new knowl

hereclieseamloy defined singular methodology by whi
0O01T7Hhere is a great variety iduath9rmRtWDay,t onmed dhima
tDbysdéditerative prot,ontRytpD npgsdd peltns tohni sa alpgpgiosa cd
nowl sedgepnsicoemsswifted | iterature and experience
Gi accar ddubsz2@uz)ntl vy, a prototype iotrerpdtbiewenigyf itsh
i mproved tthhe owu et enaptpcehr.(hi 200 mMPr ovementadadd mgbeande
l eaving knowl edge aft dmagadhlk pomcwestsed fe Rp Or i me o
l oopswhich are coyrtdiedorf e Maare r edtli8a(l a) emr Myl em/ opp
framing, (b) solution devel opmheste, acd¢) vt ¢ $teisng,0

be strict:l yt hperf dadiied ian@dbui | d upon the knowl edge ¢
during tEemmeomansedefalne (a2 0dliof)f er ent but rel at.
sequesagehdtemati f@a)RpDanni(hag) dqlbyg erawcitnlgpdge alnldy ,( dg |
steps of the iterative pnotede sanbudbtemantdedr as
& GiaccarRdiD, bheagsi 7adopt ed as r mugleprrpdhvei noeutsh oadcocl eosgsy
stulvemey icas®e® sthdy amnew®ncea,l . (2018) applied the
and visualise neighbourhood accessibility and \
wal kability tool s, |l iteratur e, their own experie
of eedowuali sations.

I'n thi asRt hbemétsho@daol ogyt thaats sftbtelelno @midtogprt eetdi ve pr ot o
and devel op nent adcceessabi meagure geographical di f
pol Thg. i terative cycles in this thesis are deriywv
al (2048) probl em/ opportunity framing, (b) sol u
refl elcent itohne criofi caych efnll ggc ttiheemeulddsd tays s @fsoste kteh e
contentesafl tshefrDubetanal mehexeasttarnatspns have
during this research.
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Fi gaaishreows an overview of tThhee nbeat chkogdroo upngdg f kenf a veltie dsc
by Stappers & oGi aéhtediioeda mp a2 Galidhgee wfi dirinteedr at ur e r e
(Chap2)gher ebfeosri@dhessvetrhiengf i r gue s @b sa®@2) St he | iter a
revirerweseas inputtborypehe.ffrii loet t ior sprreoetyostimep eg fsi |
selections are discuissetdhi.9a ¢heaptted | owing sectio

Chaptsédrotwlidee si gn opr ¢ bes sametebamd bhihlei f wr mChfapa ecade
shows t he amsltyhdnidgs olheémecondunndtetdovdeirah | t he hiei cals
aims to answguedthieorn holfsdtigiudf etahse sbnl ge: o aot au sfeo re xcio
geographical di fferences in accessibility and co

Fi g@Amral ysi s scheme

Literature review Preparation Case study
SQ1 SQ3
Q Selection case Q
study area Problem/opportunity framing
Unexplored possible v /' \
societal effects PPU
Network o Degree of
?J‘atgr EiREIE urbagnfsauon

Selection transport

modes ;
Critical Development Solution L | ’
g ™ reflection | accessibility method |development Final method
5Q2
Accessibility Selection c;a;rzs ::sg;e;o?; r::;?g:;
measures destinations Affected regions
PPU
\ Testing /

Selection software

3.2 Case study area
Prior to creatvianrgi capsti rwdr ipalted ysaevseh obwne ni ens eH i egeL

of tphreissaed e @tnic @ mypdaest seersnmien icnags et osft utdlye aameeate ls?@sd b i | it
t htehi r-dbjsedbdti ve iof ttdhideuvelemgmeba htohdadc eisssiablld ttyo
geographical di fferences in accessibility for di
di fferent degrheaedd d¢ocofst wrdhh @i saatdi cwro mMefaoleldewibnd e a
section |ists the requirements t haants wéhee tchaisred sst
guesarndneventually the c8ubsattdyye dbtaisend o tthies €
the seserd i DmnbseH ;cewatseadhet udy area in this thesis.

3.2.1 Requirements

Firstly, as the PPU policy is infqttdmeledagse® Dteudym
shouldcE®engp!l et ely within theAbdundamiaéd yof atshadf
of the case study area wmdtlhobfeB ¥ nccd sued eddt u dhy tahree ¢
l ocated within 15 kilometres from tAecaxnd i othtady b
not an enclave: as people can travel thtoagbiand
availability, afnidf kdeclesat mentarte so nasr ewi it hanmmutdheadd i mi ¢ h e
thesi s. Thifs fkekeambolrdsofs set based on an acce
Germany by Stentzel et al. (2016). 1| n -kihledme tarnea |

buffer around their studgeneglose tb Bheaberdéuwu:
Bel gi umatdromsdreedjaiti a ed f or cremdtimngdHithtborad@&ses s i

mobility exists between the Netherlands with its
shopping, and everyday |life practices (Szytniew
consistency ctenseedernkdbomatiehbullber around t he
is completely | ocatedguiwv &lhéeemtctatsee Ndtuldegr laaredas i t s ¢
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Furthe@mbeecase sthhedya acemt ishoad dumabaa, whinkdhr ban
rur al slametahi s way, all three considerededagchesng:«
ar Sabsequdamtirepresent a commo4t heeceaawet i ndyher
contain at | e-aeg sadnffnteh ehicgahswea ys t(uAdty bk adlawdfd onnuel ctliupd ee
train tracks

Besides these five regoudelmesnte sT i & éded @wats eh asvteu diyo
comply with other | oaathAdstrheosutgrhi citti oinss noort cae rstt:
has (reefnerr ed sehagrteladfceo mpl i es wi t h( @a.ng.exCOROM ga rag

safety paegi ec@iDs@irwoubdr ena W Btheelsd fs tmoire appl i cabl e

3.22 Selection ase study areaGroningenAssenregion
AppengirovAdes ahhevprotews of seBecVvVisagahl gyasemg
alslpati al draynd-msgseenh h(BeeggiGromm i -AsgsgefrRGA R s deleemct ed as

case study aTlhe RGA tihd sa tveelsimst.ary partnership b
Groningen and t he muni cipalities offGr Assaegen, Gr
Noordenvela@nd TWasataed lowarti er. These authorities
since €88 Bhoeonwe s ,a scwenho my mo b i | jiatnyd, hsgp@iSnagl 2 0gq2u3a)l .i
There have been sever al muni ci p,alhircéno rnmppaddreisseaithieo n
area demdr dateiacRdAIrelanr .t hi s t hesdsiesnar t atehRE® \s& K
chosen as case study area

Fi gBskowlsat the RGA meets alll requirements. The
Net her |l ahidck ieleammettrse buf ft dire dad 5,omaeatl yddoagtedaedhfarto m

Ger ma nngo t
in size (
t

reAqui rdedyr ees of urbani ssanhcbddahgreapes
e. g. the urban areas Groningen and Ass
edge of he ciAt ileas gan & hiarmr ev idlifH edrgesesarmr eeg imulf Aif | reu rh
and A28) and NomehmaughkhnonGmesit i qegn tama 3&NBn heghivay,
As s enEevind lhaGreonn)icnagne nbe i demailnf g lewatyrsaamdh ¢ rewbkclhub
connteaeatal | cardinal directions.

FigGBCase rst udy aAsesaen Greogiionng e n

Legend
Groningen-Assen region
O3 (rea) 2 i
3 15 km buffer zone
= Train tracks
— Highways (A-roads)
Other main roads
Degree of urbanisation
. Urban
. Suburban
Rural
£Z.No data

SourEse:di (2022c); Rijkswaterstaat (2023); F
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3.3Case study tansport modes
Froemvironmequiatly amearas peeacmp asrei son bet ween accessi

modes i sTheqfuachwes . afhcerseiast iinsg oan mul t i mo d a | acces
compaacgeessi bility by c¢@ahefseprumdmocd et acahndsinctd,d reaer daw ibti
Benenson etsahce(2Bé&¢)explain that when car acce
tramascessibility, an area ¢ars mdedehi neodkcemanstcd

accesssiibriesiotnghibd teancecv érgencbb &lee aNe@tihsersltarnodnsgl vy f o
on cyS®dlielgyp gwa btkengordasttiendh n s p psritn cneo diels @ b s d mggreail d le r

pamedathheer cwooddsieeedcal i bratingel adaesrdc mbdagl
e to i mprwhveen tthiemeaTdnmd kweswsss peci ally has become

0
[
n is consideredentgbondcaltternpsi bg poticy make
0

N TO
N

beommd widh @ h amwidbadldirtfifeesr el e recefshod it smodes o
t coulreskarconoind emgddc k¢ s plhdamit 4 teevimm at i(cen
e

u
S
[ rr codmtcauwalski( eggi nstead of cycling).

m
k
d
2
h
a
asi

I d
t o]
t Lo}

- = &
nw s O

por
DDl
3.4 Case studydestinations

From the |iteratumeasewvimegn adccappiemirlsi ttyhagt art s
j obOst.her eixmaenphedesd healthcare, cul turadangyacé& s,

Ni emeier (1997) pointed out that wvery specific

show completely different aThersadaihdmisé perintheadte!| s
t he accmetshivibd Il i aiym t o c aflccrodiiaft feeraemcte stsysfpedhde sdefy d e

destinations have been chsosngn albvasteod tohne tshceailre slp
Hamer sm@O@Bsak.2S€elc.tli on

The first destination that oliaswrlaired nl o&dntseidd eirne dt
i ncl udikng ointest rle5 b u fTTheer b(askeeer Y irgeuprree sdegnt s a facil
on a | o@md dccarled tlheev eDu thcihg hdeerp,ar t me nt ssetloercet ecdh aai s
destinati on: it is assumed that this facility s
regiond@dbkepel EXt@ut od &t) a3 b 13ids h H&EMAs a r & hckooncsai tdeedr eidn R G
regifTlhe. regi onaseprabentedeby the fvahsitc hf oloadu scehsa i
l ocations within theec®d9ge Ftimdy |l gred hesdarrhRi gur

sel ected at od ersetprneasteimtn t hat coul d be considered

On first sight, these f acialliltoiwei sn gs&foare svaarryiilnngg g p
t hroughout t he HEMA, eniugiyrdalplayat Metne¢e has ooneech&ai0l
|l ocations i nwhtihceh Neertehemdiamldys | ocat edThHen fcaemntt rfeso

chavMcnDorsalhdas approxi mat eliyn htahlef Naestidmeatn yomdosc alt 0 oa
in city cent rad ohhighbhuwakygsAhs basft ess than fifteen e
Net heyrolffanwhsi ch the | argestamdanathbhoi hheéerhasredtemnithire b E
Eur eipe |l ocated in Groningen.

With these destinations, theageagiimniad Sfanmchbwadhndtl & f
t hadsseesti wathonsthe kasvse riedaidigpvadebdy gwlhoiclwddvieng ad
beeretrieved from t he Twheeb shictoneast sweflh itldhdstuylcd mpa nc & ab
easily measur e acc ésasnigyh ideersttyi naand omMPU ef fect s
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FigdBakery (n=130 Fi gbHEMA (n=31)
L]
e
) . )
e ' e \I
/\’ ° e A ,; ; ° ';
;’ ., I L .,
:‘ H A & o ° . o
\“\ ° K %
Legend 5 Legend
I rGa 2 [ rGa
L] 115 ki bufter zone £ 115 ki bufter zone
@ Bakery ® HEMA
{ VR GO TN E O LT | { VR GO TN E O LT |
0F 4 8 16 kilometres 0F 4 8 16 kilometres
Sourkser:i N 2dr2l2an d Source: HEMA (n.
Fi géMeDonal dés ( n-= Fi guiur€EA (n=1)
t e t
o - l :'
e \ 1
o
Legend Legend
I rGa I rGa
Z 1 15 km buffer zone 21 15 km buffer zone
® McDonald's ® IKEA
I v e I v e
o) s 16 kilometres o 4 &a 16 kilometres
SourMceDorsal(dn. d. ) SourlKe&ecA (n. d.)

3.5 Software

fti v emeypad Saicoem @

pac

OpeniTn.iPPhppaearednt

str englahsse damadn fwecalks e gt

Hi ggins et al . (2022) compared
accessi AitGt 8 Pro, Emme 4. 4,
each tool of fers i ts own

mi ngmig travelr adi meonal

foundataoomorodHinggg ictess sebi b

(2022,1,p.t hlel 2al\vwan il vaéri d,iath

progietcthas

been

chosen

leix gaeenciuaud eat e d

by

previ

meot tdaed/se hio g

t hhesiascesshbih

Ar c Gle S shotrdey, a wh(ldicdk gi ns

eAr caGl.S6s2 ONe2t)wor k Anal
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to gemeltait é mocd auld i ntgr gohushildins port atvhboh neawobles use
measuring adlkbeeblst wolt k sphintah yanm wmpkementati on of
(DijkstEari 1®950yi des tutorials on how to perform
2021) and fdrEspublEisc dt Nensirt)dAsdth2@2RaD 2Z2022Zkept
continuously experi mehttohdeg AarncdGliSmpsroofvtiwiagr et hhes no
it appearcodmaiycaennat nbiet perther medwowr k wn&l yst,
be consi demed ldedreil mgp ntemea .



3.6 Network data

3.6.1Road network

To evaluate accessibility with network analysis,
Such a road net woordke | il Sammpd geesdisngr yc afroror bi ke acc:e
public transit since peolpn eT atbhlead a2d,0 aint agels tamda d
ot hree different road networks are evaluated

TablCompari socatett wor k

Datsaet Advant ages Di sadvantages
OpenStr esg 1 Open data: freely ac T Open collabo

1T Easy ddwnrnl gpavwiagec es everyonewhc anh

Geofabri k) ma kmisst akes |
T Open coll aboration: T No clear doc
makes it up to date ArcGl 8nPnet w

f Includwal Eimabl pat hs propégmotilgs f o

f Includes topology 10)
DutNMait i on 1 Open fdrageal:y accessi bl T Small wal kin
Road Dat g 1 Easy ddwnml dashce whol e mi ssing
(Nationaa T Maxi mum @leledwejdodswhlie f No clear doc
Wegenblest is needdcuflarti ng tr g ArcGl 8nPnet w
(NWB) f Updated monthly properties

f I ncludes topol ogy
EsArncGIl S f Buiilnt net wor k :n et o rclg T Requires Estr
Onl i ne ng¢ properties already s (howepeovi ded
service 1 High quality data uni versity)

T No downl oad needed T Cyclithgnnoxi

f Can considercongrséinto mo doept i on

f Includes topology T No insight i
From Table 2 it cdastbecaonbtleudedrilaaeddalhdltlat heg
i ncluder ¢ mahsdmaioms i .Horwetveeg gl hignyoidtei eamadbo mpat i bi |l it
with the Arca@i $ThHareol esudtfittmmed tewionr kt hi she@presi sr mad
during the creation of the accéessi bdedtgasmodel a¢
in Appendix B fotnreadabubki tcyo,nppaanrpeads & eor nt ahtei vceo mp a
dat ahastdewirtrTend s OSM tfhreemi um Data networ,k iof fere
which the properties have ahriegcahdpsubheamb| £etf oby dE $
of transportation (carandi rtheiugBisleokvs b he, i mipkie, st
on which theemeitwob&sedtfaor the case study area.
*TheSMWremi um Dat as ente tfwoorhk HElsartia Neder | and and its manual h a

and have not been used for other purposes other than this

22



Fi g8%treets in and around the RGA

]

and, 2023

3.6.2Public transit network

Net wor k analysis for pubGdrmcertalanTsrian sciatic THeS dp e pf e
dat a, whi ¢ h oipssrnaa nidaan |ddiwitedddad 68 e e $HiGgTFrSe dat a f or

Net hehlkadredset r i eONVagwihviicah abd f & gu@edactoeudanti rdye GTFS f i |
containing dattraaofpréotratalrls gublaii s ,ArbauGleS , Prnoe tirmocsl,
a standard tool box to convienr tortdheer S ibtattam t hoe
Anal(yEsstri  Es2022)f.f ers madd i pifteprhée@ddpsipnaggeasnd anal y
data with(Etshiis thodal. hboXxsr2pbNederl and 2022a; 202

Fig9sehema of the GTFS data for mat

calendar
—= service_id
monday
tuesday
wednesday
thrusday
friday
saturday
sunday
start_date
calendar_dates
- — service_id
agency routes trips date

agency_id -— route_id <t———— L route id exception_type

agency_name L agency i service id <3

agency_url route_short_name trip_id = |

agency_timezane route_long_name trip_|

sgency_lang route_desc direction_id stop_imes stops

agency_phone route_type block_id —

route_url snape_ i < | = trip_id stop_id
route_color - arnival_time stop_code
departure_time slop_nama
stop Wl stop_desc
stop_sequence stop_lat
stop_headsign smp_luﬂ
pickup_type zone_id
drop_off_type stop_url
shape_dist_traveled location type
parent_station

shapes.

—t= shape_id
shape_pt_lat
shape_pt_lon
shape_pi_seguence
shape_dist_traveled

Sournveera et al. (2023)

23



GTFS data for the Netherlands have bsefth iratlude
daobkh all transit service pr ovSedcetrison h3a. 06 loZpes aRieg
t haec tppaatths taken by the vehiclTeaina &ahd pubbes &
the case study area.
Fi guorGee olgr aapthhisc tpr ansit | ines
B o Legend
0 4:1-8 ! fkllo’metrisrh 7 __7 ) . ] J 7‘ ‘77
Source: OVapi (2024)
Various mancahsuhdwevsdad howemwsettramn@T wdr dEastda t ian A
n. d. ; Esri Nedeprl Bdgbe@22an a0erkbi ew of t he cr ec
net worsketdatTamol s from the Public Transit tool box
Al l out put has been segdnevridthé dh ian ge oklend talbbraess eDat a
Fi gullOv eX ¢erewti on publicsdtransit network de
Feature Dataset in geodatabase
RGA
LineVariant
1Al Elements |7
GTFS GTFS To Public < X> C[r)ii;eSer:Ele?,:k || Buid ;::lsﬁ
(Ovapi) Transit Data Model i Tomplata Network Network
™ Stops Dataset
}C%";ni’if e
Model To Stop
Add and o
EREcts calculate fields
(DS‘M ™ (RestrictPedestrians RSt
(==l) & ROAD_CLASS)
GTFS data have been converted to a set of featu
l i nes, and schedul es. For any pair of stops that
straight | ine to gentsafeathesi (e¥ahbabhdEbBemnot
straight l ines are not intended tasrspowsnertart h
Figurel hbtead, the lIines show the | ibkagegsriamst
schedul es. Due tofbrgomepenlpk@inaiettravio rtki rmds t hiet Net |
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has been chosen to only preserve the stops and
buf Aeht ersecting stops dihkeghcamen eltédad mniseltinaliineed as
mannietr ,i s madlelossidegthidtati ons within the RGA anc
can be,whedcehekdeepi ng computation times | ow
Fi gurRRepresentation transit connections an
{/' \ '._"“ < \ N < \\\
":_.: | /’ 1 "',:-'.’[}." o : T __/' : | .t ','l
UL o - \t LTIARY s s o
< .'/ ! ~ ./\6 'i_: X 4 ‘.'. ﬂ\:‘ ‘ K?T‘). . ‘. .,'h"“-'.
N_A =0T T fl Y=
e =SEEARNETANYEA .
[ Vo St e V) v A |~
- WY =t K/\ "_ ;.9/1"- g ."-\_.'J ,l'
.-\\ ._ .-.‘...' ~\. .“Z\é‘?; \ ‘: /}
2 J '-‘! J.: \ - ./—.”/
7 { LR
N WV v Legend
\\\ £ {... s L 3 RGA
2 N PR N ] * 115 km buffer zone
\:‘\\ Ll ”-),_’ +  Stop
0 4 8 16 kilométres - Transit connection
'Sou'rOcVa:pi (2024)
I n order forsea nmnet woerakl idatiaal |y model publ ic t
towards transit stops and from the stops toward
needed to be established which i nctlwrde sclwaad sk ifnrgo. |
Nederl and (2023) has been used as input for this
wal k on every street (such as highways), a fiel-c
all owed to travel on a certain street segment. T
as the properties of the pedestrian r essettr.i clthieon
transit stops have been | inked to 1ltBhe streets to
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Fi gur¥xampl e of connection of stops to str:¢

Legend
3 rGa
T _!15 km buffer zone
@ Transit stop
Transit connection
i Stop connector
4 @ Stop on street
0 0 0,01 0,02 kilometres w— Street

SourEse:i N ¢2d0er@ Varmpd (2024)

The provided template in the manual &gt EsSin¢a.d
OSM Premium Data include | ong contiguous street
streets conneateit wiotr k palsi by enf Ethlaelgley, ttokd hiye Ve o
has been built to be able to perform analysis wi

After running some simple Shortest Route analyse

the GHh&ESed public tgeatnsi ¢t mrensvor kaldiagtai c resul ts
ti me. Strengt hss eotf arhaddaittesehwepm sk acat ats compl et el
are that the multimodal network only includes w
Net herl ands many people travel t o a nst athieonwabiyt il
ti me cannot be consulted separately, since it is
Anal yst travel time is the only impedance that

travelled distaneel ilhoweat é ro,n sgetd firiedsasl| ntetitavacr ka ndda tca
insights in trawvabhe tuisneeds faonrd ctahlecruelfaotrieng accessi
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4 Developmentof accessibilitymethod

Thi s cshhaopiibéet er at i ve preatsmetotbdndnmbes i hmpsssi bl e
accessibility inequalities for thkekefobaptelPPiUs p
i nt horcyetl eatc oanpédeutreidng t he iFtoar aetaicvhe iptreorcaetsison, t h
are explained to show neheh@uweoall s D e@nitosgsoouvtsen g d
answering the centraTo qwleastt i @xt eorft tvhiilsl rpececmire hi:
and rur al areas be financReadsleyd arfofteoat evde hhyc | teh & au
into account altednative mobility options?

4.1 Cycle 1: Destination-based service areas
a) Problem/opportunity framing

From the | it er atthixud crhe wii & twhzéetn sa pwpoeaaeywi nPPtJs oo | i cy
costs floirvipreg pilmhbarc&l abhteasati ve mob3udh ys poapttii aol
i nequal iqueart name ebolegd by the [ evel of accessibil

and | and use ans paeccenms iThhetsietdiyoo @, actprad viitdsisigehlt r
i how accessi blfedr ¢ fteaiemt a moaesatoiat Irea ntsg osrhtoow p o
i nequalitieswbehiweenhhehrifgGAncowltd nitn dil catreansport
geographifcorexadil ufseroeant degrees of wurbanisation

b) Solution development
I n thacddsgssiehtihboidd ty osteyrpvei ciev iasrueaalsi s e d Tbhya vies doceherno n
calcul ated using the TAricsGItSy pRer oo fN entew owrokr KA naanl ayl syts.
t hat e n @adaltpcaesssseislelkeas | i e wit hi n.Tah es peawitfoiteyd ei npa
creatusdbrdgyer i es as destinaticgrcd .e I(phitaBeoctcdetri e s|
types are also considered.

Within PhemiOSie Dadaaskat t he i mp eed anhceer ctarna vbhed di st ¢
timwehi ch can fber meiafsfugreednt Thhed &I F&f needavookd ita.b & f
the possabtul ayi nfjgsseter aS@e) T ceqmu lolmp ar e rpatnlsliiae her

modes of transport, travelenciememhabnbetenauvuskdt am
seen as the traditional Hiogugnidna2tOi2c2n aolf. accessi bil

For each mofleapnf pubhhbpoéep aSeaivei ,c eaghoa éei ednex)yae re d
pedesti nalabdIsechtoywse an overview of impeé emethit desdeg $ nt |
|l ay®&ne. can choose to create a service area by ac

or toward Thies fewoculdtiresul t in dioff e@éroesrtanpnser vi
restrictiondni adét 88 pinl@it idttyyopheas been chosen to ca
t oward f actihlei toibejsectsiivnecei s to measure how | ong i

ddgd natiFom the public transi haedrmalbysisspecd fs gaci fl
chosen to anal yse aFehndadynnde etkadoa ytoin{rerii d atyh &€ mor
hour (8:00) and oneeak (hbaBe®E)i desoon soal sisdeag t

servi cas arsaichr oalpsspacoakr aglebdaras bryeal cul ating
percentages of the area of the total area of the
Tab3Set tSiemgvs ce sArea | ayer
Car [PubtiansitfPublic trdBike
Facilitiesg Baker HEMA, Nbc, Doannadl d KE A
Mode Car drivii Public transit/Bike drivi
Direction Towards facilities
Cut 6fh minuUntil 40 Untlielo (14 Until 160 Until 15¢(
interval) interva interva interva
Date and f{Not wusing 222024 08 222024 14Not wusing
Out put geqd Di ssolved polygon rings
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Fi gakd owephraorttot ype Cycl e 1

Bakery ‘ HEMA

Destinations
\ Service area
isochrone maps
McDonald's IKEA
Service area

analysis
Car ‘ Bike )
Travel time area
coverage table

Mode of transport

PT (8:00) ‘ PT (14:00)

c) Testing
Figlihvettidlnd Babbw t hethessétwi odvidrhe & akkeali.lest iass
The reefsutlhhes servibotetarecataral geetAppat€Cdorsaldamiltd
and viilhalgedi ng theiipespil ro bh@diiax d oa thefdi Imdea a o fe s
to reachramba&ehyl dé&éat iIREGA wiatshed ksetru deys ocriagna ,ba&r r e a

wi t fhii nmie e wtersi {ise@ Fh9%Qu.r3e% ofarnterae RaEGMA r eacthena bak
mi n utseese 4)Talbd ear eas wi tt m ativierbe idn agtrhleees tn occratrheirm par t
Ezinge and around Sl ochteren

Figh7aent8 hotwhe pubalnis@velt ot ibmeést hidos FeBO2dr yat

resped@tia@el YTdh:e0 Od.i f f er ent céa prd rl tau oametsitnadst dseh oowa r
people have to trfaiveién wat ensa xti anuwviretahdihmeat dlfea kodirltyi eege s
It takes a few minutwvelsi |[leo ndyeep tr heed guede atcthe@ mau rbbaakne r &
Howecvempared to biag dirfameilcomiae be obseiveedsoandi

vil | Whgielse t he maximum car travelfifimeeaudthe st,hep aoapx
need to travel a maximum of 100 tmi atua iertse a(@lh t heahuer ¢
reachablHé glha k & r@yf.e lo vteircnraen®t aH e wr ibne ootbhseerr vreudr a | ar e a
the cities and villages, S ,u chirent avse einn G edtnvaareghe nH aarne

around Veenhui zen.

Al t hough the total numd er e d | tt irsa goef$ ebmar knaurei eess a@dafl f
bi kef raone a spatin all atpienmglpyeahli e ewi th the service e
tranhseda IFPPgeuorpel i ng in and around the ci tfiievse and
toem nutes ODhecmakimgm cyclingd4® i mienwt éfdriomwhtihhesh Ri
area arounBesilshewscttheée eemn and Veenhuiwpah, astha aegi
withchidhmegs
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Fi gafer vi chea kaereiaess

Figafervice

areas

b

Legend
2ském diep sk Travel time (min.)
Less than 5

'|Legend 50--1‘1)5

Travel time (min.) [, 15-20 d
Less than 5 N 20- 25
2 .25 30
B 10-15 B s0-35
Buinerveen I 35 - 40
0 25 5 10 kilometres. BHEN D._2/5u5 10 kilometres. ° N 40 - 45

Fi gdaSer vi clea kaerreiaess Figadlervice areas

(publ i c220r2a4n s8:t0 Q2

(publ i ¢2202a4n sli4:. Q20

Widdelstum

Widdelstum

Legend Legend
askén Travel time (min. ) askén Travel time (min. )
Less than 10 Less than 10
10-20 10-20
20-30 20-30
30-40 o 30-40 o
9o a0 50 9o a0 50
. 50 - 60 . 50 - 60
. 60 - 70 . 60 - 70
I 70 - 80 I 70 - 80
I 80 - 90 I 80 - 90
DL 25eb: 10 kilometres. °| . 00 - 100 DL 25eb: 10 kilometres. °| I 00 - 100

TabdTe avetothankeayecob lReGAYy mode of transport
Car Public tr|Public tr|Bike

0-1 Oni.n 94 . 3 5.7 5.8/ 25. 3

1@0ni.n 5.7 11. 4 11. 3 40. 4

2B0 mi 15. 7 18. { 25,1

340 mi 18. ( 17. 5 7,5

460 mi 18. § 17. 7 1,8

560 mi 0 17. (¢ 16. (¢

6 670 mi 9.4 8.8

7B0 mi 2.3 4. 6 0

8 M Oni.n 0.6 1.8

9a 00 . 1.3 1.6

d) Critical reflection

Thiesochrones resuVicegaf eaamahbnhdksgmns elhaa sihmtwer.pr et ed
The visual as pleecltp so fwitthhe dainsatlaynsginsa e @i hgwaoeasi gl
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Together with,thbeceeevage bakhe gi véadawhomel et e
t ReGANddi 6ferent modes of transport.
Sonei mi tati ons have been i deménef Wedsi motthico nfsii rdset

peoptcéeudaedplayrt when goilha@r tionisht adnecset,idn etei hbtewhees tc as e
accessidfl et m@reddGAM habi t erdes elr.ngetsenramisuacefa | ysti wor lor i
are not ctomesdaegerdviicme areas. Secondly, although
di fferent motdleesy odr & rmmmts pbirrtect il iy rrcdotimpoallignadéwi t h

degree of anrmdhxrinsodauieconi t ati vel metalssdraesasmridn g nt h ahti
apprioachot abl e ftionasnhcoiva lp ocetfefnetcitasl of t he future |

4.2 Cycle 2: Origin-Destination-based matrix

a) Problem/opportunity framing
To i mphevfirst protovtyippavecechtrad demeGyWwdmdenelns ur e
accessithhe ilt gc dtdroomlse waheetroea bpd gi t i on, an opportun
compare travel ti mes for thees dbefdiewdeend idre gtrleies
accesgsgnehihloidt vy

b) Solution development part 1: origins

Since accessibiliafyt erf Kteryordeelsyt i mlmdpeodcsby a per
Ciommo & Shiftan, 2017), pl aces of resiméémoy cou
in this thesis I n this manner, accessibility ¢
di fferences i n accessibility for people 1iving
Approxi4dm®0OO! wyeopl e are | i vihreg eixma ctth ep | RR@ANh e sHeo w eevs
peopl & ipsabhbcly avail ablThedeéot e, padtyvanggdse atsl@ |
established with the &dgtaitmat é ad CICBISA thiciod easnalifsn d ep €
statomttiltess popul ati on i n tlhev eNest,hewHhiamnhd s aounh dv asr e
Table 5 shows an overview of the considered sour
TablCompari son origins (CBS)

Scal e RGA

Al residents (est 477

buil dings per nei(

BAG buildings resi 154

CBYierkantstatisti|] 1B5

(inhabited cells)

CBYi erkantstatisti 206

(inhabited cell s)

CBS8Slei ghbobuhgdesn 47 1

CB®i stwipg)ken ( 8 2
Firstly, a deéeni had beéeginrdatad by estimating t
people living in the RGA. Based on the amount of
points have been all owattéd at caesliidebbhalt®Bubespd
nei ghbourhood (Kadalsft.er$Such 28 )sdedt ts aied udrdd g dipairtecav | d e
detailed possible results, but could demand hi gh
A related option is to use the 154 278sbuil(dengs
Fig2pPpe Thi s saitwlhli ediu d dteantatinldd h b ut coovirepruatlaltiiloens st i 1|
gives detailed |l ocations of the place of resider
many people are living in a building. Froirs ei nst e
apartment buil diangsiwiglhe 1hdu spee owilteh otrwo peopl e |

Figuaee @28 Bawhabi ped ocoefluebsspee 500melky 500m and 100m X
formkesocl udetshdekagtr @ eo  f ounmgbeavnii nsgast ai dor re s{dheen dri ecshut| hteiir
steded)lijMhehdn the 100m x 100m sgUdaeesablsesestsat

30



of squarcesntaahifeemesi deEnWeu.dder ef or s et t lydi wi etdaabialae
estimation of whdeerneo gpeatpphtiecs i i v®. cdhled be coupl e
accessibittotpyr oneiadienrsadgdhittsi on al

Opti ommgg If eograit geidneitashtvadhul d have trheeg wlidirvtatnltea gceo nopfut &
ti meoufladr i betBheecentre poindsé8eifghhewirgtoiad st threi
RGA (se&@ 3Mialdiur el h esseet sd astbaat alsdutc st he number of r ¢
could be coupled to the results of the accessibi
are only memasesupednftareemtshianndt htehus no di fferenti e
nei ghboouowlod d bfen omehceer | i mat at henarseas do not e X
borders

Figa®d |l residents (est
buildings per nei¢ Figaf@d!| buildings wi:t

| R T A | R T A :
0. 2,55 10 kilometres L 0. 2,55 10 kilometres

SourKaa:aast er (2023) ; Sourkaa:ast er (202

Fi g@CBS vierkantstati Fi gaaCBS vi er k a BOtOsnbGt m
(i nhabited celll (i nhabited celll

oA

(P (P
D._2/5~b 10 kilometres Borg; D._2/5~b 10 kilometres

SourCBe&: (2022a) SourCBe: (2022b)
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Fig@fMNei ghbobulugadaen Figawa stricts (wi

B.._2/5*5 10 kilometres Borgk; B.._2;5=5 10 kilometres

SourEse:di (2022¢c) SourEse:i (2022hb)

During sdmswiinfel| er $§ gi 8, ciadthasatp ptehdera bedleddssthg equi r

too much comput ati omntaill mestels®©nvd itt $hter ioc he r asmatnae i gh
| ose much adgegtraei.glaltdiuoégnatso been chosen to use the CE
to its reasonabl e compgemagirapht cmandne rOrhegaomme hi
cell s with a pP®OPWI7atairoen evxaclluued eadf i onfoeft hree sci adl ecnut |
l'iving inbehesethmat,d stolreehoel ds be handledd se d thaltl ye
not included at al/l in the 100m x 100 m data set
Solution developmenpart 2: analysis

I n sddddndes mieb iclyidttl y© rDiegsitn h@BCjoda tcrehisave been cal cu
using the ArcGI S Pro Network fAmalsy atnh.d Tnedasssutr epe t
paths along the network fr om Fnowl teiapclhe noordiegionfs ttro
public transi tQDCaombtihiakes)r jse dep/apredrtae eidnati on t ype
6shows an overview ofi mplee men tt @ ch g3sinntahda dts hirea lasse/ rdwve sC
in Prototype 1 didinopubhow muobaehtswieiefnt e8a r0t eatnidmels
8: 00 is ubhed developing phase.

Similar to tihre Gyoaltsa afpalottoitmepehas béddén hoagdhi dang
accessibility measheeqnunEekcd | nhtadmm@aseowinethdc me da
specpériedd (Gefurtsi nBe Ri t,2dé0Md tvhains obHtdéldecglbsse st he f ast e
reachablTehiffeaccussl begause t he icsemnrtersaelargphe catbiBdlg ofh et
polii £yatheupheeorpl e hiawegamemdlsmeorbniapitiedisf f er ent i at |
haseemmade behwepumber of dest i nastuicohn sh sa nedit it ere i wo rco
withmaki mum travel time (cutoff), tcheestt)r adveedt itn ar
have been calcul at ed.

The resultiingr iOirmealtles eprbedfaatfuore alllastseav el m ¢
been combinesdptentde pniendmpane travebi hcmeshwi tdhg
of wurbanisatiiomhe sCB®t1@&@¥mix ab0@ns pdaattiaa Isleyt ,j otihni e
the CBS 500meXo500Ompameé atravel times among the d
compare these with the degree of wurbanisfabron, s
each degr ee hafv euvibbsars Isiasteedoni n a bar chart .
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F
A
0]
t

i
I
b
h

TabB8Settings OD matri x
Car [Public trafBike
Origins CBS x110M00
Destinaf Bakery, HEM&, Mabo rn KIEA
Mo d e Car driving|[Public trafqBike driyv
Cut off B
Desti nalt 1
Date an{- [222024 08:0]-
Figeasdd owchart pRototype Cycl e
100m x 100m cells
QOrigins
Degree of urbanisation
Bakery ‘ HEMA Travel time per
origin maps
Destinations O.D cost ’
matrix analysis
Mean travel time
McDonald's IKEA per degree
urbanisation graph
Car ‘ Bike
Mode of transport
PT (8:00)
c) Testing
gR62e7/, arhdow2 & oeelpsxort itguerst he cl osest bakery
t hough t oahlb adkieftfieste sbet we en tah es immoid easr
sent hWeawest tawdehehcei t i smes awmidi IvAil g megets sbrcawel
ree mot e areas.
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Figa8e avel times to closest bakery
(public-22l02s i8t 0D)
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ga®sbdows the mean travel time for eath wmppgeaos
at in each degree of wurbanisation tarfdiciarl liys t
bt i ansBEsspeanioml bagni areas hendt hee R&Hccaers abnedt wewrhnl
aarse thi gh.

Fig@@Mean travebpkemgegree pérumbdei shtifoansp

= = N N
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Mean travel time (in minutes)
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d) Critical reflection

OD matrix resoutsosmparmdr avi d &t ahbegesvidee a
ocation of Ahel padracepatfi alespatenerynThcean be
ri son of Dboth modes ofqgquarmtnistpatritv ealsyi dselga vese
i stribution Dymp#ds alrleda sOD mdat i inx dti i émoerfeot e a
haccessibility inegpleki adblhgarmnimoggt hegmeans t
e of wurbanisation.
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However, some | i mimetthlTobdes deti ki oarioseonhyt hia&ing
publ ic tranisn tt hiinst oc gaocbkceoduenrte d t o ol ts ihmapsl ibseteinc riema |1
the results of a public transit travel time anal
antdi me, since the transit Fsoahaednusltea nwceer,i e sf tah rbouusg
departure time of 8:00 provides wecaodku ladc ciens sri éa llii
very good if one would depart one minute earlier

Al t hough the prototypeondiaderis tche ahleald as nacfh hroaxis
1

Cycl e mi ght be more intuitively interpretable
mat Addi t iloenabivghrei mes yet | inked tont oneciegmount
andirect compari sons between travel t iFmensal o fy, di

financial coMMTanodf ub é&earcaeddetmitdne rtehdi s, pwhoitcoht ynpaek e
it impossipbest bl evicheetgd Inigt iceasptéisommd inegg tPAP Ut tpeo |l i ¢

4.3 Cycle 3: EnhancedOrigin -Destination-based Matrix

a) Problem/opportunity framing
I n the third prototype the -mantpriow earfet &xnpdredided e d
prototypea isnolOaytcilfberEdnd f or t he public tr@nisertr dep
i mprovements of the model ar e-l@ameaatiinn e gaaddngi kil
of people living in a 100m x100m cell to account

Al t haunuglaccessi biallirteya dsvciodree icnosuilgdht i n possi bl e i
upcoming RBRE mgdhlaingy,ainnitmaxreddwot ey adddittei a.mme fin
Howevédi s chiamagrciibmbhr d osd sdeterminehencanregtgr Myd
calcul at eéambmag eidthlmenrtsy pe of fuel , t ha edhmicd i, 0 nawsh,i

the future PPJumbserb acsfe dk iolno mehleg iegh s@munred nlei Wdirn o eis
100m x 100 m cdallf fepeéhdad awekelveagi fferentwhinmhial
makes the cal cul axt icoons tosf htahred cohnd tegne ebbgbgmmpeay @ de d |
accessi bihliigthgsipgetihfoidat hedpdtwianng coewct useéonsegifons.

b) Solution development

t his fihnead!| qu loadoit oyapned) f bti ¢ ysd lagy tteheev essla meh me 9 r o't

Cyldd we e r for public transit, an alteéeonati ve
rrect for the deprinsrmmgd oGaldatleataeadTtawmel Ti m
t riisx )ptahadd do ft i o nTarla nAsrictGINSe t wdroke oA n eselayedhe sariTrogaitini o n
the tool cal cul at eantdhemeamhndwmamed magaeanaiufmi ed t i
rstily, t he number of destinations has been cha
ind a route betwe-enst hdebBhaegpaanritabnade thheet Bl esapsetc i
aitn 2 F e b.Tou aarcyc o2uOn2t4 f or t he dependency on the t|
001 %BNnMM6 hags imeavhicét t he tr awel2 3t immelsu taerse nleha ssu
s
e
u
I

Qe OO S

been dhoes edne sthiarkcmda i esa s HE BAasn,d MrKEafvealed al | y
dfrhe 23 tmimeutienst er v al makes sure that each it
r over the colunséeéehot Wwhg, sprocessidag. ti me anc

TTOTN® TTT ZO T

Accessibility inequalities

With the recalculated travefoti mesafvéeroralplmbmo ade s
transport and eashbéefibpcaebbodttffpet hdecampmpoput adfi
cells and the accompani ed arpe wersté odfe dppecchp Ite alviedi n
(see Table .Thia Ghapveew5yives ihsight fouabsdekbkt
for travel i ngnpwibtlh cddrn,eanbivike vi ew has bethecreat
absol ute ¢t rianvteo tthiemet rfaiveebld stetlangeh aatlibaasssse o f origin
coumtneddatck® mpaopuhgti on has been summari sed.
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Tospatiilall utyhe at eequal ities of altemnabhy smearodbi dfi
accessicloirletsheg travel times of the different mode
ot hGGoompar abl e with Benesstome epulallic (20dndgii.tethmred r|
the alternatives) compaereed ctad ctulh et eeadr btyr av e/li dti inmng
with each gitthesooHHolwevanei sa ppoawnikd dgitdélfe i mesd wintcse
ratiosi gions with | ow travelcotwil destdoedt lbdel rhanaahteisv
nature of.Athhsumgbt hedching aodegiinnateigdh woudkhea
OIlmi nutes by car and 0,9 minutes dryelpauhlviecd yt rha ngsh
while the origin cell in reality has a good acce

Theregefbdbtehas been chosen t ooff otcruasvfeoln Htehneki d b 2o leunt
of trasspomeans of showi ng.FHoreqaiaad Hh td est ibrea twieem
di fferences hasveep abrbaethenwregash pceud thil veadir ya v e hceatrg e s s to f
public transit 8a&ahdagajimet dli&kleabsmkbat ef val ues ha
been transfofmenr urst oodeCthdeeclsmpir ogud g e d o dp(2ste e
Fdureunadiln 4Chaptueh 8cores might be more intuitdi:)
absol ut eWintuhmbtelriss obecghnwignle | & s @beeolr et o slt 6e qu a |
10%,which travel ti mes of tlheeh sadlm etrhnea tciavre. nQonb itl hie
e origin cebkebowhleddat lsechuwahve@fF @i mes of the al
ffaemosstotnhpear ed t o thkekecafoteavehthd mgihgmhernt hteh & ce
essi biSloimey exlpteavi eneimdsesconducted to al so i
he accwhlisdthiils tyl sa& oc @ s dHiocwt eevde rbayg plgoaurbeekrity (
hese results ags vteheayni anerpabcaobbted ¢ebabved
bdecef$or e, the actual meaning of a certair
r wheiscuhl tcowl ddr awi Fgnaft byg €onckashodggree
ach type of destinati dmy thhe hmepabl|l altad g ainksi
n c alsceuel altaedbd e . X i n Chapter 5)

o—+rc o~ ——a-~
WO >S 355>

Financial effects PPU for personas

Since drawing conclusions on the change of finan
duevanyviymes ofanonamts amd eagfegqcui s dmr sheocikefmr aop ®d
per s.onTahsi e epeornsadnas hav e elpagers endt tuhp etehatypes of
see BigucChaptidar i50) oi nmpeonrttiaonnt t hatr ¢ ae dd ttphaa 6 b y a ¢
ur poset toifpmegr swpnas is to il lustrate exaamwiag of
oncl uscieansaifnort ypes hef RGAgi ons within

O-c/\

To comparefihasmfpfoadti bl @®f t he up haopeignsgo nPaPstd a aamommagt |

been «croabtiend ng t he diifd fteacomde sasfrsitiilnitetadyi gifrsge et a X ¢
Table 9 in Ehdmapetachbiesetichatpieors onalt)hadchcee stsaloli & i ¢
equal i tffyprwskcloirce st r agai hsandntde @ramatgaxngcost s for a
the nearBlse dalcculi atyi on of i Blae eacuoompeanrti sMovnT maadke cl
Ministry of | &W and t he wMionicsatlrcyw | aft edi maorsdes (f220.
and typdoagf efacdl per sona, a car and annual mi | ea
By di viydeiaorg yt MVT costs by the annual mi |l eage, t
Althauf§hxed price per kilometre in the potential
esti mabt,i8anpsowaf kiblyome t Mieni stry hoabseBssamee (2028) s
Theaxes pemakieleamenudéttitpl i kel act ual driven diste
reachabl e destination.o leracthhidewsivtd ynadtiboenl cas s epe
and potential future situation.
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Fi g@80Fd owcplhraorttot y pe

Cycl e 3

100m x 100m cells

Origins
Degr. urb. | Population
Bakery ‘ HEMA

Travel times
population table

Mean travel time
per degree
urbanisation graph

Destinations

matrix analysis

OD cost

Accessibility
equality score maps

Mean accessibility

score per degree
urbanisation table

McDonald’s

IKEA

Mode of transport

PT (throughout day)

PT Bike

PT Bike

Tax costs

Current MVT Future PPU

Personas

Urban | suburban [ Rural

Persona analysis

PPU effects matrix

Accessibility
score

Tax costs

c) Testingand d) Critical reflection

The resulkthmalc e s gniel ilclawidt yb e
met homd t hias

wetl eas

of ctahebeompluedei nh€diapter

foundhencC€Chapbéakbthbhefl e
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5 Results

This chapter o$hoWwmu lpt@in b € 8 8 briteH ililovititiyx h has been cr
Cycl(eSext iidmr4 .ald)l f our. dSeescttpimoard é5o.nls ttylpesresul ts
inequalities for the entire RGA regiondi swhearyeas
changes in financial costs as a result of the fu

5.1 Accessibility inequalities

5.1.1Travel timecomparisontable
Table 7 shows the share of origin cells (n=11 35
cel(lns = 455 530) that have to vrahel fastcest area
destioalt ¢ what efdors eepaacrhatneoldye Tk teanspertatvieah. val
ti mes, hligtdd gt émges in travel times for differ
of the RGA. From tihdos tabhetyvpeapptedeseli htait nen a
the | owest, foll owed by re®pecali el pakfgoivesgrag
travel times, while the | KEA in Groningen requir
roxi mately al/l residents living in the RGA (9
taposed against 86,5% by bike and 44, 2% by p
es more travel ti®@&, cmostepebphebbhkernpgwi tht
h these alternative mobility options. The d
ulwaittihoinn tsthoswes d¢dlel £ ffect of consideriaoig pop
t hoeri gin cells have a cycle travewhetrBeBagsd oot e ba
populiast iloinving in these cells. Conversely, althol
a bakery by public transit is higher than 20 mi
Overall, the share ode drodas eog i @gd ntsr aawnal ptoipmd aitn @
similar pat
i me: al most
blic trans

tern of travel times can be observe
[ al | residents (96, 3%) can reach a H
u it hi ghrowsbtlhsesved itheclpapuéatwionh
0O minutes. 38, 7% of t20e mg mmpuud least iboyn phuebd itco ttrraasd
f the population has access to a HEMA in under
rom this observati on, t he s h adreec roefa sheast Ha go ra&irgai vne:
EMAncr.eases

body in the RGA can still reach a
lternative mobilities are getting
tcs0%plfd trheea cRhGAaA Mc Donal dbés within 2C
avelling 20 minutes with public tr
dd tac da r Mowi2o o &.& arées s

r variations in travel time throughout t he
ugh still roughly half of the popul ation (4
ot her half of the popul at iComvieasetly, dtihee daptro
shares among the travel time classes for the oth
shares of T189e0%Bopot atyohing andcabh, 2% afcthr amu b IKIE®
mi resst of travelling with alternative mobilities.

more than an hour to visit ftome all KEAtwietrh dewshliina:
both origins and popul ation decreasefsocrgsl tngveb
| KEA: 16, 1% of the people |Iiving in the RGA have
in Groningen.
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tii memich atses s )

i AixrB rcpedkdh) a v e |

Tab7lSéh aorfe nr sgi((orEl )Aa5h@ppul ati on (ipmM(par

destinati on

of trahsport per

mo d e

per

I KEA

PT

12,

20,17,
26 |21,

Bi ke

13,

5,
9
6
3
1

12,
11,

12,

Car

35|

16,

50,
19,

Mc Donal do6s

PT

21

28
23
12

11,

28,
18,

k e

B i

30
29

13122,

17,
10,
12,

Car

79116,

20124,

69,

HE MA

PT

22

38130,

k e

Bi

65114,

22129,

27,

Car

96149,

Bakery

PT

44193,

k e

Bi

86132,

Car

99173,

orijipogoripogoriipofdoriipogoripodoripodgoripofdoriipogoripogoriipogoripogoripogfj

99,

Tr av

t i m

010

1@0
280
340
460
560
6 6/ 0
780
8®O0

>100

9a 00
N o

5 Cells with value 0,0%ave been left blaror readibility purposesEach column sums up to 100% (rounding may cause rdadation
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5.1.2Degree of urbanisatiorcomparisongraph

Fi g3, aBB84how compari sons of mean t v
regions with differéwontr degpeesi oé&l w akesnées pnH
| KEAhe mean travelfit omealadd mdaxl did@ant ekl RBWAI c h
at | east fFor @azolpl dedpteiare ast itdam,t ditthel gast est tr av
for all degr ekar pod dirfbfaemriesmadsoni n travel ti mes
observed espeacibilnl e/. 7 armnwBraekle hlEoRGAesti nati ons on
regional scale (respeetninvelrpaviedkei imes dwnd HERBASHN
substanbtnahhyaverage | egwalgWioye | d on gf aagptp eas se sion g
Fi gure 3Rl tamadu @BB)ithi &l 9@t ¢y irgbhlley iufrdra nMab emal dos
a destmean av e ti mes oafp payalcihn gt raap/ped art intnot eof g
ot hersdefraebani satTihoen nfesaene tFriagvuerle t3idngex coefp tc yfcolri
very highliyf aurgbkerh etahmaenas travel time of public tr

raverhong mes
rb
&

Fi gB8iMean tr avebpkiemygeugrrbeaen ipstat imomde of transp

30

= = N N
[$)] o (3] o ol

Mean travel time (in minutes)

o

Very highly  Highly urban  Moderately  Little urban Non-urban
urban urban

Car mBike PT

Fig@82Mean tr aveHBE®BAMEdegree pérumbdei shtioansp
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Fi gB83Mean traveMcDpmal dégree pérumbdei shtipans,|

N W w > b U
o O o0 O U0 O

[y
(6]

Mean travel time (in minutes)
= [N)
o © o
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urban urban
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Fi gB&Meean tr avelpkeEEiAndcegree pér umbdei shtiovanspo

80
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5.1.3 Accessibilityinequality maps

Fi glbuaetZlhow the resulting afcaresaslilbidriitgyi n nceeglulasl i
five or moFerpeaphedkstvénatiomyedihféefi efmeedmeeesins claa s
anai tphuebrl i co tthrea nidiidkk ehi gher t he ®her ey avhki smbime &0
terms of RBorceiss$tbamécey.a score of 1 reéepredenRSESAL
with either biase ooprp opsuebd o hco ettrdaenisgiar,a score of 10

|l owest travael tdedRBSaAeadewi th the car.

For both publ i chet raacncseists iabnid i€tgyc |ibna geegrutael si thya vsec oar ¢
pat {eemre Kiagu)y & 8r al | |, hi gh accessibility equal.if
cities awmidertdodwd asg®s escateemadnt gr alwjachée éns ttthee RG
Areas with high concentrateants off t loev asrcdoy ¢chf aGre
oHoogezand.

The concentr ati inoatiltafnthriegsh isscoarlessodessi baei d6or ( HES
37an® HBowevbde, spati al di stlnighnd thiysre mesded ¢chhaatn dd dage s
have | ower accessciobriplairted enj uahl ibtayl st choeraeggsa st e s 6 p

pattern between public tsoamet@wbhbhderkenkhesivarli akaet
Wi nsum and Ten Boer have relatively high scores
scores in theThbisk emechonfisp erheasto me wint hi rna htehlecsdéer v i | |
are reslmatldloveap yr ed wi th public transit, than comp
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Di fferences between public transit and bike ac
Mc Donal db6s a(sseae digsgd)mndawWr ens t he pdiibgd ti rcd dbanrtagnss mits f
guite scattered tthhreo ubgihkoeuts ctowee cR GhAnidd tceptad t Mo n e
High equality smaiestyfobseyeceedngnamaaed around tF
Mc Dona&tdés| ocat eAls  eGrHo reigm)g,@ migh iglhe scor es dalosso publ
appear whi dlowdhe not hdwse hee MmoDdrhaladndds €asgern
Wi nsum, ZBRie dduinegrerk,, an@Gomouaieinhglhye.,r bi ke scores are
eastern part of the RGA (e.g. around Hoogezand)

For | KEA aspaothenéennatdi bherences dfn caycccleisrsg band t
traamppaar, espé&vbii dlel diifhehesiers in travel time b
in Groningen appear to be I arge in Assen, the di
seem reslmaifHivel yndi cates a good public tranmmsit ¢
opposkPatiemswol de ocauntch Bdl dehe city of Groningen)
transit compared with bike.

0
F

Based on these acc®@asbhsliebi8 isthyowesq utahl e tnye asnc osrceosr,e p
for each typleheofp odpeusltaitn aotni ocno.l umn pr epseeonptiseitnhge n
i n trheegsitemn spraovdidoet ut be pafpueé@bvpdhat i on density h
wei gihredachceessi bility equéab®Bt ginadbdicr eBap hadred Be mor
urban a regi omvViesaaogeshseridhiialliieimpde dare 9 wovrea § tahraen
mai nly obs-er bigd ei hrraugiimolh e Wweeviest n% 2®f otplue aff e ¢
RGAs I|living here.

I
(

TabIMeath acciesesdbdlliegywy degrese of urb%nisation per

Popul at Bakery HE MA Mc Donal I KEA

n % PT Bi k PT Bi k PT Bi k PT Bi k
Very high 139686 30, 8 7 9 8 9 9 9 9
Highly ur 681 15, 7 7 7 7 8 8 8 6
Moder atell 770 16, 7 7 7 7 6 6 6 5
Little ur 888 19, 6 6 6 6 5 4 5 5
No4qr ban 818 18, 3 3 3 3 3 4 4 5

6 Roundedo zero decimals
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5.2 Financial effects PPUfor personas
To evaluate the possible finanaicxlessfifbedtid yof tth
personas have I[BsbowseanupveFvgeweofhct haitnlgr e dep e

of r estihdee ndceygr ee of wurbanisation of the cell t he
mi eage, and t hiem r cpeerutr sk WiomkVY B et axs sumed price o
ki ometre in theuséetBBUIi pol oteXpled micgeghdr amdi SGe

I
I
mpared with their clur8ro% t%hds gt eHotwielveerRPEHspeC tev
| ometre forlZ2PWowemat RanwMMTh etdbeees cde s enlhe accessi
r each persona, Table 9 presents the tax cost s
th the current MVT tax and the possible future

Fi gd30ever peewonas

R

Persona 1: Student

Korrewegbuurt, Groningen
Urban

Peugeot 108 (petrol)

8 200 km per year

2,99 cents per km

Persona 2: Working adult

Roden

Suburban

Audi Q4 (BEV)

13 900 per year
7,73 cents per km

Persona 3: Farmer

Noordlaren

Rural

Volkswagen Passat (diesel)
27 700 km per year

6,16 cents per km

0.__2/5==5 10 kilometres
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TabdAece cessi bi |l i t y (sicnoroebsn sasnjdi dtea xt oc otshtes f ast est r e
per destination

PersoPersonPer so
(urbaj(subunf(rur a

Bakery|PT scor 6 8 2
(l ocal |Bi lseor € 6 8 2
Tax MVT 4, 6, ¢ 28,

Tax PPU 9, ¢ 5, ¢ 31,

Abs. di +5, -0, 1 +3,

HE MA PT scor 7 9 2
(sub r|Bileor € 6 9 3
Tax MVT 66 2 7, 28,

TaRPU 15, 6, ¢ 31,

Abs. di + 8, -0, ¢ +3,

Mc Dona|PT scor 10 6 1
(regio|Bileor € 10 3 3
Tax MVT 8, ! 96, 109,

Tax PPU 19, 85, 120,

Abs. di +10, 14,1 +11,

| KEA PT scor 10 6 1
(natio|Bileor e 10 4 6
Tax MVT 9, ! 150, 104,

Tax PPU 21, 132, 115,

Abs . di +12, 17, +11,

Generally, public transit dmdfelri kKR2Ihsoveagi hinl iat y
ariecacompared taomdOd@r 4 wmrcall (bakery) and sub regiona

for both public transit and bikHoweavreer ,hitghhiesr pfaotrt
around on the regional (McDonat@bdse¢ aoadl @ alt é wvelas
l' ives in an area which bel ongfs dlot ¢ hmeadldned nmed it | |
with the <car, while Persona Bi bggees {nawel atieme
opposed to the car.

From a finanPéeanbopar&péaotban) and Per stomar adhur
their daestanatbahs of the upcoming PPFUrcompamaede
atrip to the bakery ®dryouwmd 33O udeantco,stwhielrs oP@ar 30
bakery by payi nAy ildees st ot hahre HiEMaxtiedrdti S wmast s h &bk e Per
lwith the, fwhute PRUs awvmooudodd nWbser ental yrbp dt o t he
cost Persoalamdstutit®eaehtys, this would bd&hmere th
a though taxes per trip are still | ower for Pers
in dedtss ble in theslkthesghttshe Coawvree s®d e odl IPerk
t han Per s,ontab kla tmaovdes®sldoomreri. nst ance, a current tr|
woud ast al, 09 wther eResr svorndn 3 ,he future PPt tpaol i cy
cr etaasxi npgr i c e Peerrs okniad o2mewirlel, benefit from the PP
most 18 saved ceneempared wirilp tHooew ekMEAT,b gotNC aar tl
akenrdy)sub( HEMPAPalad, t he decbpdseer dDfceonsts is

—~ 90 O
o— o

e to high accessibility scores fcoyrcl|lHenrgs ocannad 1p ut
ansit coulbgpbeakcbasmeatied imohbihlei tfyutoupTeiedPd®sU si
des of transpmpawk cgpooud RIP $aifwoer mma kit mg Ahahoughp |
e price per kilometre decreasbsglBoes®iebislbintay 2
ovide options for chomsiongapubhidcsuibamsagi odal t
Owvar.al | | despite ian rtedxatd oot ss;maPemws arca eR s@dp ¢
ality scores and thhghf s hedselcsit e enaad o alinls ei tho brod &
and the future PPU situation.

<O T O~ C

— < @
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6 Discussion

This chapthre ipmteoept dte(@ 2tsudnn s6d. 1Ib)h e fsot(rbeprmgeti hosn
6.20d | imitati dmmecdfi otnhe .r3dsear ch

6.1 Interpretation results
Whidesessing thepefpaaddcadogedgtuliiitdyttyr ansittheandh|j exgdclii

this thesis is to identify whether people Ilivin
financi al t Ypeoatf efmetoit affd® Ul Yo ¢ riemsdiildast e t hiantu rpaelo palree a's
of the @Bserinndeali owi th high travel ttiomerse afcahr ap t
destinaespeaci at bycaomphaleldd witn gneBle.n ¢(nOtelin & erts

t hRGA n whiacchc ecsasricboinisiitdpeirgalbel ;yu bh b oa ¢ a easnssianlhi |biea y
consedecar RKRegieom®e nwi tahc ctels seiqghubalvée sty h iscchomoasis g vy

di sterdi huhtr oughout the expral earc axsciemitleigtyat RIGAd e st
anidnadeagtat Babvek opnmbbnati e ewistompad bani t gtkHeds| s |,

chanonerseddat s obpeeolghmuge si s i fhfeesre farm@emstransport |
et al .Basz2Wl1&®)n. the type of, déire &PrPdJ tthaex awvorud al bmei
as opposed tofdrhet warowetintaAfMViTbugh pbesooranal pers

slight increaseasi na traexsupletr okfi |tohmeetfreture PPU, t |
hi ghempared to thauechheghreitaiospanceohassamessi mel it
equal ity scores are |l ow, indicating that public
Accesseduadlitwmyfds c asmfefsad hs ot be atiidavie dhaicighbissolbi | it
i nequal i tiisms umai inlesemlstssh oaM stohat popul ation densi

publ i candyatidimty el t Cine sewsi salnkdgers hi g h edre npsdugcupl aatsi o n
Groningen Hodhgsaemnadmmildea t le cgcheesseiqgluial i t y Stcwdies f o
destinatiosamal | ndi tfaétii emec ebseht ennedet nf tneced eanisgpfoly @ n

and subuwibtami G@GAGIes iIRdAer i ngs pacemppr tachr tthisdbdlad er vy
pr obabelsyi rbeed dmor e aaf ttteoi pdooBpremaried hktkedc.e s s ielsiub it sy

t @ | oclaelvesic adaeetnies &dtlilognesr t r awmelrdétsitme sb uatnedd acce
scotrlsougrmalult viltllhegeBGANt Miamei aap,¢e btei pya@anabypai s

8 holeo wterr¢ @st s f or t he sceo npodcratlb i dyjetnsetrd ensadt & lroentsi o n s
hobghrur al pecsonaiadéerep il ygdrecsatls meraicpth codoesstts ntad |
ul d be aocpeuonptheedn g hian er uwialld ¢ arggpdtsol eerssr smd b i | it
rfuoirad lagCtoyolpee r & ,Y@RRD h,gil ¥ dnfoaungdutrraabvled otuibrhe <
arsadytc toi nigexA sithe r esi denGrso miftnlgehremocdiet yp roeff er e n ¢
calBeonsipebleidcwotuthan ai tsui t ableughel®ir hahenwar e,
heracacsact unselelliyed buying new furniture.

S
t
0
f
a

While there are numerous apprbaches trangpant i fa
components desBrt bethaf2R&k@ risnike § i antaépdaiment htohde
of this bgseambhning the disutility that peopl e
origin to their destination with howByhesasadeéer
peapl resi denai a@i ommo & ShtidfawelHi BigrhahR 0 2Rd a l
met hro dtsh tihwehsiicsh i s @lolt & ntdbeapbehnadhanrgle p gr aphi c al exc

( Quhr c h 2e0t0idAU i. |, dst kn @ 0 n a cscteustshi absi tceotngptad meders of tr arn
from apeegp(ievbBmnensodOoel) al . ,

6.2 Strengths
This thesis presents an ihnghbhtokei mgceesgbalit
ti me and f.Bypyaacahyscongtbi ke anads ppuddbsoa ticraarw ealn sti it me

for various desti nat i-Asns etny préeesgeisoens, h cthh bhéeGsonai ¢
understanding of mobility optoifdfnstus ugs @lasisy ngn to
of t r Brys pcoornts.i dering the demograpglhtnte crhassmarnt ehlr i f
i nsights into acceesassitrboislsi tuyr bdains,p asruiithi eebsa atcheaste d b 1 |
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equaslciotryes i n c oncbhanagii nogh owva st sioirtlehieer s ttrhaet ed by t ab
anmapidf aci litate easy interpretation and communi
accessible to a broad audience, including poli
MoreovRr®pp hemphoyed in this study allows for fl
research process to evehewveurdeew®mdtiiveeln yandihi e8s @@
unforeseen challenges, wultimately enhancing the

6.3 Limitations

Al t hough the RtD approach all owed for i mprovemesl
accessibility method is stildl subject to severe
considered in the accesé$i inltiatiy si nedqpasl iitny wme tch
transportation are beingAdcaoimbii eoreaklelsyo,areeaehkx c hu de
alternative mode of transportation in this resea
range compared t et Hadist eobéaekebi @WalRes fgncti on
alternative t o -bciakress. fTrhoem atbhsee nacrea loyfsies over |l ooks
mobilitkFumntpheromor e, although the central guesti
aspect of the PPU policy, t he calculation of th
Relying on basiaf eao sfti cd alomwll a tpieormssotntaiss hsatvied yb. e eT
approach |l acks the depth needed to comprehensive
policyfaehaalgle people living in the RGA.
Additionally, itdos essenti al to recognise that
destination for each origin cell within the stud
of facilities r eacrhaanbel ea nndi tdhoiens an octe ritnaci onr ptoirnaetfe
of destAcnesbBobsl i emnrcefual at pdsdwsledt iomes f or eac-
separawéli ghhmabds edritvvfef eirena e s dsediwleielni tyyair m @tuiso rdse.
Consequently, this final method may not fully ca
of inequality in the final met hod in this thesi

more nuanced (statalsitdiyccahl )a smetahseuircdanli adfc pienfeghuc i & In |
a more nuanced understandindl ofiodglkquheéi fieaal w

inequality method includes insightful evaluati ol
public transit, the methodol ogy falls short i n
i nequalsiithyi lacdcyesscor e. This | acking holistic ass
ability to draw comprehensive conclusions regard
A technical performance issue that should be ad
enhanced public transit OD matrices are notably
additi on, no travel ti M®s me ssuratld mBavwes elb e @ w@ali
connectivity errors in the networks. Although on
potenti al i naccuracies into the analysi s. Furth
d fferent modes of transport are being made in t
could be subjremtvetresuntati on. Systematic checks
accuracy are not condumtned,o ptonsei nvgala dp dtye notfi atlh
accessibility methodol ogy created in this thesi:
the analysis with possible other origins, destin
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7 Conclusion

7.1 Overall summary and conclusion

Al t hthuihni s@&WyandfMimé st apn ¢@f02Biprct cblsat i hlce ease |
potenti al u ppexbd heigm @@ aiPle Wtam eapeopl e's access to al
opti-osmeh astr pamd t cyicsl immogt obei.T@gradc ¢ hsegt ifaali tey
aspect of tdd ceadidnemii laintdbiweelr] cewingg a b fiTioo mehxatte nt  wi | |
people living in urban, suburban and r-Relbsledar eas
mot or vehicle tax policy, takionmg into account al

Re si doefnutiesale as ar e haabvoiuntgi o@garceessuist of t heaweed PPU
by car dependency andsByacdkd mpgiongsbreg|lace/i ohfd n ey ,n aft
destinadi fonscachne | ewvieltswor ke fodseddilaf f er ent modes of
ppul ati onhdegsnggahdxtcaseb, ti mes amead,glstniptag it f r om
met hod has been creatoend dipei t i acspestiabeifibeasf yoafu s i 1
accessibility haRGA bwiethh®®t wfdiireetdi d mal tper sonas

Theswl ts show t ha®RGAurcael hriegshi denatvseli nt itnhees f or p
reach deosnt idniaftfieornesntp asrctail ceu llaervieyl sc o nEphaarnegd BtUad nc ar

t acxosampared to trmhel xyulmeawnit!l WMVdnhe ham o y@mpebPPcar
policyacdawlldy Wwbebethbticiaal i s | ef,depantdildg aoh it
destinathnead® htadielde how @futrehiseghndcteaslsivbipt és y e
withiRGEAt hematcolbymni nigne€sr o h tanngde nAs s emo s $ imip d Iscieavi i ens
the kameapasbhte transit and cyebtdehsg i aDaa ibvvagidi.d al
driving di st anc eesq uaasldiotlye wr @mcader catisdbasihictgyh bBhe a r e s
of the PPUt paVvwilctymtgehrimbadtailivigt ineos osputi Hoambel teb e, a mou nt
of afpfeeochtieed Nng i n maelcdt Dol pannse d stsowdrnbdan ar eas.

Whil eMinhetry of | &W and t hex Mé cdufes thti ggpxh eibn & emae e !
resut he ofPdlUi cyur banihs e guhredsersl i nes t laedir mtpled ngnc e
sufforihgaolisreqaiceenhati amomggiabnwicespati d@arquity
dependency therefor ecursr epnrte loraehsliegmbdgcdendide ok mdn by

7.2 Future research

uture research holds several opportunities for
hi s rAeustecammacthi,on of the methodology using tool s
nhance efficiency and reproducibility. Streaml:.@

arsggeal e studies with grealt gr asaeesi hgcialciceatsi bg
n such an aut omatuircre mread vk, oppemns coul d al
naparency and f | exirbtihleimtmogefatiihg méli hednsi der e
nto one unified nédthaeoc &s snoldigll ibtgyo wdl ™ aolewianige mu | t i

e ¢ B 1 |

within the calculation of travel times. I n this
more realistic situations of travel behaviour
Empl oying statistical measur es csowd hd aadi 4Sipteatr anaa
nuanced understanding of acWhes e asstludiyy sbdimnceugsuead i t

RGAscase isnt Mehyeh esr,| aintd wost dnbet oetappHyi hbdat mew ¢
| ocat ¥y om, chad diurset.ancec¢cot hei mad ma stteianogaltei m&dnspor t
i n the Rroargdi@orm. o f

Additionally, deeper insights into the possible
by expanding the considered prices é&brfonstasta
although public transit might be considered a s
prices as a opposed to |l ow fuel prices of the cal
to consi deirn sscuaclhe claelvcedlsat i ons: although cycling
to the car, the rangesthdalts @eoelaeccaocuventwed |fiorg. tBo
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spectrum of costs associated with di fferent m c
comprehend the potenti al effects of a change t a
geographical exclusion thr ot gbobtAcrteugall ol mgh evi t h v
ti ppi mgfvhpeorhe f ut oulkednPledE om bmine ft ihainalt he wauwuldnt M
be nt erfedsrut egr esear ch.
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Appendix A Selection case study area

1: The Netherlands

To meet the first requirement, the case study a
Net heXkaerd&fl gur e

2: 15 kilometres from national border Germany and Belgium

To meet the second requirement, ftihfek ieceaosnee tsrteusd yf r:
the national Dborder with Glirimamegt raendl 8Bred giinuwar dd
created from the Dutch borderddwi th Ger many and B

FigdmBaffer zone in the Netherlands
oy

Legend

.. National border with
neighbouring countries

15 km buffer zone

Source: Esri (2023)

3: Contiguous area with urban, suburban, and rural area(s)

To meet the third requirement, the case study ali
suburban, and rural ar eaurshaniGBS i mena soufr easn tahree ad
average surroundiomgewaiddg e a dr)edsesnesnidtitydhhaft h ea rde a . T
surrounding address density is defined as the ni
kil ometre around an address, di vided by the are

address deaeresi tiys afheamverage of the surrounding
area. This measure thereforeishowGBShencodnkenCBSA
five classes:

1.Very highlayw euralgen of 2500 or more addresses p
2.Highly wrvlkeamge of 1500 to 2500 addresses per
3.Moder atel mverage of 1000 to 1500 addresses p
4 . Littleavermhgre of 500 to 1000 addresses per km
5.No-orbamverage of | ess than 500 addresses per

Fi gug4es dmbhow the degree of urgbeameigsnattea nasitjifkieent snu(n

and neighbowwythedbdwevyer, as the aim of this thesi

rural areas, these five classes have been reduce
1.Ur banaverage of 1500 or more addresses per knm
2.Suburbawerage of 1000 to 1500 addresses per Kk
3.Ruralaverage of | ess than 1000 addresses per
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Fi g u4 84s9 asn0d how this newl y created di stinction

nei ghbourhoods. Rur al municipalities are mainly
urban municipalities mainly occur esntermhre Ramtdsoi
Net herl ands). However, municipaliti£8, codhittaamdr e
appears that a municipality oftemandomsiralt sdofta
nei ghlhmods. Therefore, many regions in the Nethe
it is a contiguous area which contains urban, su
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4: Highway

To meet the fourth requirement, the case study ¢
in the Netherlands havk DlReenravdebtudbetaseDuti miomi gh
Nati onal RoNaad | bantacad a syMe g@whb e ot sed ves as an open

roads in the Netherlands. All road sections that
with a disti-maeddon(hiegweayns)A and other roads man
the f @arteeea official highways, the | atter serve as

Figbme ghways and train tracks in the Neth

Legend o
~ 115 km buffer zone h
== Train tracks %
— Highways (A-roads) ,,f’/ bl
~ Other main roads b
Degree of urbanisation
I Urban

B Suburban

Rural

/A No data

Source: Esri (2022¢c) ; Rijkswaterstaat (202

5: Train tracks
To meet the fifth requirement, htudd aonaid ¢ i ptl edy rarn

Al | train tracks in the NethEkErThaedsr Aiavet baek «
retrieved from ProRail, the railway manager of t
|l ogically connect wurban areas with each other.
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Appendix B Selection and creatiorroad network data set

B1 Esri ArcGIS Online network service

a)Probl em/ opportunity framing
A roatworsketdanteaeds t o be established as input fo
bui Int Esri ArcGIl S Latl ionceu Ince tbvo r&kn doaagpor t uni ty.

b)Solution devel opment
Within the ArcGlI S Pro Network Analyst, a standar
by Esri .-i mientigorbkuiile ready to use and thus does
net work analysis. Therefore, the availability of
net wor k.

c)Testing
Some simple Shortest Route analyses have been pe

d)Critical reflection
The sousetendatthaus t he | ecaann otn g wihseu asltirseeed,s wh
i mpossible to assess the accuracy of the networ |l
Route analyses show realisthiaver deeiht so,bseawviedu s «
net worsketdaitma t hi s thesis. Firstly, solving netwo
source consumes ArcGI S service credits from the
the number of <credits, it appeared that solving
become expensive for the organisation. Secondl vy,
not possible to choosd ya lihlee bad War kr svwelr cmodenp
l' imits, such as the number of inputs that can be
the restriction on input data could hinder the e
it has been decided to not use this network serv
B2 Dutch National Road Database (NWB)

a)Problem/ opportunity framing: | ocal needed
Based on the this reflection, implementing a | oc
analysis in ArcGIlI S Pro. Such a | ocal net wor k ¢

Dat alNmgeé ohaal WéH®wBhest and

b)Solution devel opment
The NWBedathaas been retrieved from Rijkswatersta
shapefile. This shapefile could easily be downl c
wi th rout abl e properties and camnonbteai oe mhcienretda i |
f eatWergekse nhat kWK s such as m&wichumed peveachd attr il
possible to crsedt.e Ho weestewqgr kafda&tra contacting the

no documewnaintabheienasetting the properties in
conducted with setting the properties, such as r
and tunnel connectivity.

c)Testing

After i mpl ementing these properties, some si mpl
bet ween random | ocations.
d)Critical refl ection

The results of these a
The properties have th
correctly setting upid
research and time fo

nal yses show that prohibit
us not been set correctly.
AnsenéowoAkc®l ShBud wbehd
t h

i
r i s thesis.
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B3 OpenStreetMap

a)Probl em/ opportunity framing
The problem of the | acWwinh igmpdamnmnkemdvwin gd ldo bheell I sax
instead of a Dutch national source. Therefore, t
for creating @eltodals hetworkadmaha d.

b)Solution devel opment

Geofabrik offers shapefiles of al | OSM data for
Net herl ands as a whole. The OSM shapefile for Di
smal | area within the cases duudy ofdar sAltther npaot:

certain detterinmm nae ds elofundi ng box by wusing queri e:
surrounding the RGA have been dsesdeantlao a d®eSdM vsita e@vte
Europemllao been retrieved from the ArcGI S Portal

Teabue to differences in retrieval met hods, t he
ot hMarnny OSM data sources did not include all nece
dasat, such as maximum speedset Compauabbeowi hiow

correct net wor k proper tSioemse iex prrd et Br daaree blea
setting the psobopectipg, osecivapssteeets and assi
certain modes of transport.

c)Testing

Af ter i mpl ementing these properties, some si mpl
bet ween random | ocations.

d)Critical reflection

Similar to the NWB networ k, some prohibited rou
anal yses. Due to time constraints, isethaas b& emno a

net wor k.

B4 Esri Nederland OpenStreetMap Premium Data
a)Probl em/ opportunity framing

Since creating a | ocal net work appears to requir
preset | ocal neotpwor KThhvwe o tedf cbar dses amas b eteM@SMequest
Premium Data network offered by Esri Neder !l and.
b)Solution devel opment

The properttidat of PtemisumupDaea hatvworad readg bee
Neder !l and, which maktesraeddy thetweseksdaAnoGeEEs Pt
Net herl ands and parts of the neighbouring countr
truck, bus, bi ke, pedestrian, and truck). Howeve
transport modes

c)Testing
Some simple Shortest Route analyses have been pe

d)Critical reflection
The Shortest Route analyses show rtethdti esdaineds § e s u
coverage within the case study area, it Bas$ been

for smdtvwonrgk anal ysi s.
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Appendix C ResultsCycle 1 HEMA, McDonald &, and IKEA
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C2 McDonal dos
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C3 IKEA
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