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Abgtact
This Master thesis develops and applies a repl
alordability, housing and Frestpobgda@mmemetr opc

har moni zed to a commdmemoht hgpodglst ensamsilport at.i
ti mescaosnt terms of( Mal aee oésttiimeted and rel at
expend. t ¢ri etshlel yCombi ned Housi ng and Transport
(CHTAIs) compuunddi&etradit ihomuasli ngnimedarmry c s, the f
reveals the true ynanci al burden on hwuaehol ds
ODbased mobility metgstiasdiasgrcdssaad vandi spati al d

acrosertheoty in terms of a2ordability.

Applied to the érea Metropolitanawde oBar selaona
structutr@bkrcohnebrayl.Baceel ona, the metropalitan c

zones exhi bittr amisgplorpgu bulsiec supported by a denser

transnpearwtor k, yield | ower transport bur,den. Out
namelloowegub | i ¢ tsrhaanrsepso,r thi-glkeédi cpbei dapendence and
motorizati on, which raise transport cost s

Yet the?2tcades when analyzing Housing a?2ordabi
a2ordability (TAl). A quadrant <classiycation us
of HAI and TAI makes thhe anxpédyeedf alolveirntwo %t h
compensating belgdiwmeasvTdiHAGdd ov eo ra viieila\ge aver age

TAbel ow gagResadés conyrm that pl aceHAlwhdlcdhneappe
become much | ess mdbidabyeiboabedete(the periph
and vice vendie. shaltliawi ngend of core and perip

Equity implications are clear. I n the core, hou
the outskirts transport infrastructure and ser
together, the fr ansepwocriky cp orienmesd iteos :pleaxcpeand and
housi ng-aiccelsisgtbi | ity areas and reduce structur
As a dsaoaippioomn tool, CHTAI cdn2bpehtecympuoeedr un
to quantify distri buwutnidongaui diempfaockt essniohme nzeognuei t a b

territory.

Finall vy, the thesis acknowledges data and scal
economi c anal ysi s, and outlines future wor k

recommendati ons.
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Resumen

Esta tesis desarroddml iyc aabpldiel Icpgaa auane gneai rbcid i d ad,
vivienda y el transporte combinados, a escal a |
sdar moni zan a un sistema de zoniycaci-n c¢om¥n.
de transporte Ipppmodoasdayunoemsdeostes de tiempos
del ti empo qlukko posteriormente se relacionan ¢
Final ment e, se calcula el cndice Combinado de
Trans p®HTAIl )(. A diferencia de | as m®tricas trac

marco revela | a verdadera carga ynanciera sobr
operativa, a trav®s de m®tri caGD dye emocvu d sitdaasd o
movilidad, para diagnosticar | adset dr spapir daden
t ® minos de asequibilidad.

Aplicada en el Crea MetAMBpol i aamaet ddolBagxa®!| pa
desequilibrio estructural de n%cl eo a periferi
as? como |l as zonas pr-ximas, presentan un alto
una m&gd demesjacooynect ada, que implica un menor c¢
zonas exteriores muestran el patr-n opuesto, ec
al transporte p¥blico, una mayor dependenci a
motorizaci -n, (uwd easundeenttamnnlsgsorctoee.

Este contraste peenrtirgee reil d crmaainado gel analiza | a as
de |l a vHAIl )endant(ra | a asequibilidad del transp
cuadrant es qgmediuatsi | meztardoephdsl | yards TAI indica qu
wy% de | as zonas analizadas se encuentran dentr

(HAI por debaj-0Adepodma omedi mélAde ploa medi snaode | a
-TAI por debajo de | a media). Los resultados

asequi bles soHAl encounartenamuaho menos asequi bl

la factura de movilidad (|l agsigwinasdoelraf ®einda
espacial de nYcleo y periferia.

Las implicaciones equitativas son cl aras. M8 s
son |l a restricci-n vinculant e. En | as afuer as,
son |l a restricci-n. Considerando c onmjpuwmteament ¢
soluciones espec?2ycas para cada lugar: expandi
zonas de alta conectividad y reducir |l os coste
perif®ricas. Como herramienta deHTadloyse ap uead et ¢
volver a calcular bajo diferentes escenari os ¢
distribuci-n por zona y guiar | a inversi- -n par é
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Table r h: Private vehicle category share consi c
YA = SRR horor

Table ri: Components of the auto ownership cost
extrapol ated .1.0...RT.D...Z.ON. .S, horor

Table rr: Number of trips per person a month pe
Lo - - TP USUPRT horou

Table r4: Avg. Private vehicle cost per RTD zor
AUt o OowWner.S.hiup . 0.8 .S s hr

Table r4: Avg. Public transportation cost per F
o o = O A P hres

Tabl e s Avg. Wal.k..c.aost.s..petl..RT.D..zaoanker w

Table rw Avg. Bike costs per RTD..zonerdecompos
Table rvy: Avg total transportation cost, consi
(P nCl Ud i M. h 1y

Table Awg total transportation cost, considerin
(excl udi Ng.. .t.he Mo T ) h o h

Table *h: Avg. Total transportat..on..closht per hec
Tabl e 1 h: A2ordability indices..(HAL.. .TAI, CHTAI
Tabl e '] A2ordability indices..( HAL...IMTA1 CHTAI
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hl ntroducti on

Urban areasawerstdwudgling with escalating |ivi
chall enges to resibdeinng' anedco@m@uni tabMed | access
Among these, the increasing price of housing h
of our society, especially in dense metropoldi

resi dentbieacclonsimegaer dabl e for a substanThiad porti
treheatdm cdsitven suburbanizati on, as redi vi dua
a2ordabl e houssiunbgu r dopapne pannpdh ¢ ma | areas, being pr
centers

However, thisdweattwartowsiifgscast thereastg probl
i mplai ecsr i ti calsthmieddesersi ty t o commute | onger di st
educat iomthheesraredda er admcck shi gher dependency .on priva
This situationnia subsshnatiedl i ncrease. in tran
Consequently, the understhaleaamgadf taRoaddadd | it
as unidimessisomalti ng to baemunigti déema@gsé @p de mts,

especiinnluebaBlsen, apmreorac heditso meegr at e transport
costist sinesti matciohseg signiycantly acrlosdedad?er e
thera cCcoempl ex?2 tlhreatdwee enc olsdutsaimadys port atTihdms cost s
combined burden signiycantly tihmpactst hogsabokd
critical amdamp paretasniatgigeah.g el pat faktiamnedgual it i
contributes to a reduced quality of 1ife, part.
Despsiame off eccltogmi zing the | ink between housing
a2 ordability metrics are often insu€cient for

particularly in diveAseauMbanopokias@®d nhiBuddéd Baec
| ndemadny exi sting met hodgalad @i eseslodak i olme negee ed
i ntrmeat r opol it an di sparities. T-dey emd st atregn d t
burdens, l i ke travel ti me, and oftlean efgaialt ithg i n
di 2erent dat asedesomirom sdicc @at ors and housing pr

patterns, presents a signiycant methodol ogical

The AMB ves sasufilggasda hi s mastembtlesgidan ongoing
process of rising h esupsaitniga | c orsetesh r e bh d wreiorcgd,0 b e
characterized by the outward rel ocat ifour tohferpop
from the cit.yhef tdB2adeel amnaass ptelogptl e rel ocate f ar
the city center, whet terdaby ypriomanue egehi cl e or

become | ongeyrnoandoncloys tilni etbeurdrhsnootfi nm@hniesy ,gr owi ng
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spati al divide in housing and transportation c

economilceiwed lof r esmodendtid yand

According to | DESCIADESOATCael@aniea age expendi't
Catal an ifnamwds eisr . h+y G, from which the housing
expense, representi(nogncilru,dii% go fgatshe whaatealhiasnd el
castransporitsattihoanrigest expense, @asf itth.drheeporseesent s
botehl e metnotgset her reprressemtft tleexgplebdgsfelsa family irn

Catalbwumder scoring their critical .role in househ

Thimaster inhesnds to develop a comprehensive a?2o
clearer picture of the true ynanci al burden on
and tr ansmoglttma tmspntoovi dememihcdhhdtahagy aviadwsat

the disparities that exi st bewwdemn ickityerodnts oari
economic characteri sandscomopedtliiviyt ypattd eegnsent

transporitnataddi.taddne $20i ng t hese critical i S S Ue

t egmattealdo!l ogi c al tnfaissitrdegensdidsh s o o2er valuabl e i

t o thechbarldeeftheguer ban spasupbongRequal ttoy create |
ui tabl e and sustainabl e ur ban environments 1

Cc O S S

sinesses, and,wtihdé anwertchrmomdeodtogy t hat can be

c T O

ban areas.

-

eemi ndert hefsitshiiss st r uTchteu ryerds ta sp afrotl lionwss:ect i on

mprehensive review of the relevant literatur

Th

cCo

concepts and identifyi nkgolkleoywimmegt htohde d ¢tolgio acrad | oggay
out |t ebg ecatilvies r Seed'iicim.dedi cated to explainin
met hodol ogy, including spatial data orchestrat
he deynition of the combhactdi @@ME dabntrogucaede
as the case sst ucdyar adcetteariilsitnigcsi tand t hdfdara sou
t hat , s usbhescetgimoenht pr eserftr otmhd hree awplptlds ed met hodo
case stamyl ymmal s ocidails paancdd nhstdeastdiitamlg k ey, ygnadpisn g s
andecommendations for future research.
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h . Literature review

The @affi mt his study is to déveaelmewoa khakslsiegmsi ot d Yyor
of the most representative costshdwsi nfgamandes

transpor Cat adtfarybexampl e, thesarbgaverdger esent
the totabhagmily exmpeéaeasleisning their critical ro
household's economic stability and access to o0f

This secti movprovewesfahow a2ordabialsisegskbds tr
t hevol uttowanr demlai ned housing ampeopr bpamadhslpdwt at i on
these information is |inked with mobility equit
t he tor2andoedusi ng cost being cheapenl fbushaees§r di
(CBband its associated i ncrFeiansad |igmm ntér atrdeegs o rwti & thi
met hodobagbscalad|l.enges

h . FromradiahowmsiaRgpr dabtida é mlyi ned a2orddbcéesty
As haal ready bebouskpgsabthparsd abbeielni ttyaasées sodabyy
j ust considering ot henclhhowiircdy iiomeh tllewtn d
mortgage [Eaguméemnton. st hepteadnti onal housing a2o

D0QQET Q wsﬁ}:mxi‘%)?f é.i .,'@‘é TQO P

E0ORAE we aQ
The early measures, t hatcojsust, acrhsaitdmearndad utshee whmac
a2ordabl e i f approxi mately no mor e than h 1 9%
commonly known wi fiah wtelek 6sx pyragges bdpmri asmantdhLeent
hywThigs adueaviolyved into the widtelyhawhpcéddiisy%
benchmark frequently referenced by,ehpasiabl guth
in thePdllISet i agrakey euns’i)ng stress amdsablaocate
Those standards were evd&midSdvhetne d,e gyardastwteilirg hhty 1iy

Brooke Amendment, stablished by the congress,
would spend in housing, by a M+ 9% of the house
Housing adRdrdtb®&ecovery Act i ncr ea(sPeed Itehiiserset, a

fyuyuw) A current hagppyOdacibepart ment of Housing
Devel odmdmhdiet er mi ned t hat the al2ordability gui

regions and household size

However, t hi ssi n-fj &eltdeeiyon olf meusiagprdability, h
increasingly paenichalaréygseidnce the | ate hyth ¢
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| andscapes have been diversifying, and the com
more appar drte. p@rnerca fpal l i mitations of 1 y% st a
(Her ber tReseyd@rvcher s fagrl ese ttoh atc ciotunt for the di
a2ordability challenges acrosandimRereddesnar ket s

nodconssdme othkkemowmsi ng deoxpeampbheusahol d spendin

I y% of its incowmei dar eintusli egelfacef ynancial st
i ncome | evel, family size, presence of childr
expenditures |likandoadsphEfadsihparragprecltead t o
consfiuc@ ncl unshiiocnhsd ec alhiag+h enlc o me hoasehaldmdabl e
expensi whidhee aislmd et peppbel gevere ynancial str
i ncome housdhbhepdsewmbni mal h o u ifsnugt ca wetnlta yfsu,n dma

for other (hHecessitieéesghw)

To all these itcobssadihati mpaetanti hdex al so fa
validity obsihteoslvesabiuméand gmd doioanlmiydd!l e and | o\
i ncome hodoehaledis ,t o move to the periphery wh

a2o0r dabfluert her from their jobs,iachddlsioantdoos
cadependency, in. sdmmé sodcca&nidoncsan bespuwnder st oo
(Cul tur al Riotaeds, g ecsjtatlplnyg i n dense metropolises f«
this concept and i ncilrude nevanasppprraaach.on cost

The recognition of the intrinsic, and often in
and housi hguimobsusbas ecohlmennfdambebrny. model s, s

the monocendevel onmaeledl by Al onsvMoni Thihemnmsebaaad
the¢hyh+1provided the yr gthitshadriGatrimaaal T hbiass'its) f o
modpbst utttrRdate shousehol ds choose residential | oca
and housing costs with ,i nbcorteha scionngs icdoemmuntgi nngo nceots
travelagimees,di sCBDome rfdrddimnmllioewser housing pric

the periphery are theoretically o02set by higher
to which howapintgadchorset $ ng expenses, thus maint
constant househol d utiA ictlyearn edxia2neprieento fl otchaitsi os
city of Phil adel phia in h/yhnyy, where the mean

income household was around hPy% close to the ci
remote parts of tHe€omeétombol T heaymstaames at r end i s ¢
by Coul umbel in hyys 1in-i Raome hegsehpl st hnmed
allocating 1 "% of its income to housing and tr

areas. Those results conyrumitnhge ainmdv € rr saen srpeolr a tait c



.:\l‘: -
Mi que | DRO dear Torre ﬁ ‘%jf EESCO‘[a([j.e .Qamlns

T

Soci aspamidal disparities on combined housing an UPC BARCELONATECH

related to CBD distance, and the risk of not

par ameter s.

Based on this theoretical understanding and ea
pol i cysmahkaevre st artedthe invegtiagabaea Doé&rtranspor
the measures dheaaomdabithtg. combined Housing +
started gaining piftesndaaucrdy eldckehefulr gt eekspecially
regienperiencing rapid suburbanization and an
housing costs and transportation.i Fatri exampleh
as t he Center for Nei ghbor hood Technol ogy (C

recognizing that traditional measures of a2orc
ynanci al pressure on househol ds. I t sygemi nal F
ai med to provide a more holistic viewWwabgedi ncor g

transpoadstCaiNan .0 yyt)

Eariltyer at i €mMNdmoodfe Itshhe based on a hyyr Nat ur al Re
study, used robust multivariate ordinary | east

empl oweerdi abl es such as household characteristic

estimate typical transportation expenses, inclu
(VMT), and transportation (eXupeernrsae, s Nhfip'ri )speci yc
Nowaday#B+TAtRlne dabi l ity methbdeo]CiNgg buel @af by he
relevant approaches, presented for the yrst ti:i
established that the hi % of t he i ncome i s ar
a2ordability, l eading to a newtcoecmhbiunad non aXa
the 71 % of ( CNE, i.ifFogmbhertmer @ay e some studies that
the H+T index to contexts outside the US, such

similar patterns wherendcleynt F atat itornasnsappear
a2ordabl e when transpordgad,t i oai rcfosrtcsi nagr et hceo nisn ¢
rel evance. show me thesd Shitalndnioe s cainpd Gutgh &@da, coun
hoyh.t)

Mor eoveard,i ti onal a2ordability indices, includir

criticized for relying on arbitrary threshol ds

age, number of i hcomes, ignoring other essent.i
rel acedthe housing and transportation, and fail
accumul at e(dGuwealat h Thyese | i mitations highlight

pbexi bl e;sencsnttd wte appr oachoesd atbd Imeaysur i ng
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onclude with a numereind eex dmpl eNe i ghdorr diorog t
atskeessing the a2ordability by ju%tofcoth.s$ der
hborhoods are a?2ordabl e, but if transportat
number of a2ordabl e nei ghbONThoofdgThijss r ed!
omenon shoowxs dfhet e aldecati on between housi
and the necessity to assess both in the
odol ogy neglects the broader context of sp

sportation al2ordability has become an ess
ty and for wurban planning, as it not only &
tion wher e we l i ve, al so t he commdescti vity

tural Road, hMyhis)

Approachleemscbif med aBleifdabi | ity

evolution from tradibdidomathmholheu diong sdd cr dHal¥i
l ed to the devel opment of di verse methodol
ngths and | imitations. These approaches ca

xes to model sompl ex

initial approaches to includeahspospattahi
dability index ( TtAlan,s paohritcanht ij aurg tee wxespeainirdewsr e
me as egpaesbsygdn n ("Cwhliht)ur al Road, hyh+)
e YT @E T N E QA NBQEQ0 61 Qi
YO O ———— o .
D¢ 6T @D @ EDGAD VD ©

same equation h aatnh ealisnoc obnee @xsprtehses etdot al
ndi tassr @ t kqsu asthhoown ii.n
ew o Y @E T N E QA AOQRLOEQ0 61 Qi
YO OQc——a e s Oy on
YE 0@ @ iIFQD'MoHnN Qe QQo0 o1 Qi

these simple met hodol (o@uletsu rhaa vRedassda mdr, yhi' mi t

is a simple methodotbgyvahiaat i dorers wfott rcan

s wWith household si ze, | ocjat d¢thle awdet acyg me
s are assessed as no value of time (VoT) i ¢
her met hodol ogy i-detcernmiimed edurmmer aofpres s

rut he(rGul thuyw |)Rpraaels eafctgdadr )JdEqruga tticon T

e DOAORVT QYD QI OR® T QR
Yo 0O¢ T T
D QO WNWEWE G Q
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Agaiin, is a simple methodol ogy that prioritize
transportation cost s, but in the other hand is
assumptions, which is good to comparecittriaemmsspor:t
or countries, but not enough for a | ocal compat

Aftet habe apgroombd meed, housing and transportati.
met hodol dgwe lhaageresdi dering the index as the housi
transportation cost an@NTdi Aisdued® pb ¥Egsusdeteli 6i nmc'o.me

e OE A RETQOYT OET N E iE ODQE E
O "YO 'QQf i QW INRs—w 3]

0t WéE G Q

Theomponents of this index were computed in di
measur ed -yffegaorm saurrvey in hyhy considering rents
For the transportation costs, those were model
auto ownership, awtndbiumseedn @asnmn @ ntsr @afisht i,ndepende
including: househol d characteristics, empl oy m
regression equations, the methodol ogy ardted s
thdarme predicted result from each model i's mult
trips, obtaining the costs of the component of
t hEguatdi(oONT, .0 yyt)

08 OB DED NéE o o IQE &

0 0O ® 0 0O ® 0 0 (0]

Wher e:

C is the costs factor for each transportation

F represents the modeled dependent vari abl e:

variabl es

OUbstanding for auto ownership
0O Yepresenmss auto

YYsransit use.

However this approach has been a g?2entdabidvianyge
in urban environments, there exist some | imita
focused on national or met r oplohlei trmaent haovdeorl aoggeys ,| ai
the granul aritycradgeuilmeadalf eao mpmae i sons, especi al
wi t h more compact ur ban for ms, di 2erent fare
usage. Moreover, it rel evantt itoon nreenltiioeosn htehaavti |
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model ed outputs rather than observed transport

the micro | evel

hi.A2o0rdabmbbi yequy t y,soandl and spatial disparit

As it has been already exposed, transportation
l'iving in the periphery face higher transport af
suppadnyd | ower connecti viThyi st osigwhkaltiiont rl ®@asdportt

dependency on privateeasbhi thee, accxchier®jhaintist er |,
hyvanMat ti ol(iT,i zhfAghdsckk en, hfyt-o2deomes with housing
cheaper than in the CBD. This sicobsat irerd alt ead

vulnerabtthengf am@iequittyy i and ur ban segregation i

Recent studies emphasize that combined housing

spati al inequality in citieé6Ti Raskdeuoh © nhhSar
demonstrates how high HMTcoemep seaswwe s dhexdhli bde elng wc
people and, i mmi ghanmost accessi bl efarbtlmemones
l imiting the housing location choices and forc
poecronnected areas. Further more, o fc ointnse cit mpo s s i
areas, timocsoenel gwoups still spendom H+TD[hewhishlar
make it nonThae? ogtduacbyl eal so repects that the cur
policies in Santiago de Chile are insuScient t ¢

Addressing these disparitiesnorbeéduitryese qauadeept ur
t hat integrates ideas from et hi csac ceccrodionyg ctsq

(Litman,(Cuiyytuy al ReEgad,jtyyfin) mobility is fundame
equity in the distribution of theltbegloeeyst sb eaynadn o
mere equitable distribution to recognize di2er
di 2erentiated approaches (tlLoi tfroasnt(eCu 1t umoarl eR ojaws t

hyh.Tr anspoetattgpnserves as a mor al and practic
policies and investments i mprove access for al
gender , di sability, or soci al background, t o

educationh aadaermdcada on addressi ngnd hatesgsds emi (
mobi (Péeyeir@Cubtyyohral Road, hyh:)

I n transeouitthaysoprincipl e i s sduibvciadteddd otrtyipeisc,al | vy
hyh h
yhn
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.Hori zont:avhiethaifmg equal treat ment among i nd

condi.ti ons

.Verticawheqbi rgcognizes the need for di2ere

structur al di sadvant ages
Mor eoveritiacal and yet often underexplored din
mobility is(TimpapaearThode )people living in t
experiomagteakbel times andi ngmwhd |[ladder t imMmeddor
education, or paid wor k, resulting in social C
connectivity to publi Sothiassperitnatciaonn bree tdveoy rke
excessive time spent on traveling, which can | e
di scretionary timé&it oraPagnugee rt haactt i "vtihd ersol e of
has not been as thoroughly exami oechpaasthengnar
its i mportance as a metrichauseidng oi hMocalmanud & n gt 1t
i nequity, an-tdeiongPraalgl, . Wwed"l el evance becomes p
pronounced in contexts where direct ynanci al c
heavily subsidized, making time a more salient
(Pang, .Foghs} amee,resulting data from Santiago d
of the working popul atidaysfpiemdlsudingetasaveh)ho
|l ess than i houi§i afAdfdrkeeen ,t i Fner tdleeirimpor e, ti me u.
deep inequalities across socioeconomic groups.
associated with daily activity and mobility ni
housing and transport stedike,i whbomb demdnsbpbonpr
This can be extended to other hidden or indir
healt h, which disproportionately al2ect vul ner
outl ays.
A2ordability assessment softthan riigsnlk ren tpherspe tpuadtr
these inequardtiitawlsarly i f they are based on yxe
not take into account the di2erenttihdedi eddl emeeds
cost s, such as ,titnhee annede db aorfr i psisviait gh |vieghhitcelde i
Cultural Roa@enpegjuedty iyn mdhldielhintted as equitabl e
to transport regardl ess ygfeqgiunceme embedat ingn egm
|l evel s of transport and housing policies, i n
mobility technologies 68otuha iemmlcieaataiten eixs | alsd a
a2ordability is inherently a spati al justice
househol d spending to i ncl usdoeci mér, r ictoonrnieaclt i & ii $
accessmebtir(iiisy t ur al Road, hyh+)
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h,r Gapeppodtunities

Despi teexitsit@ ssgaricchusoinng and combiesed ma2 oodabialnid
indexes and its associated soci al and .spati al
These gaps refer botHs twsadace caolncpe ptt m@d a bnbelaed y
met hodopagtéesularly concerning their ,apglicati
t heir abnfloirtny epgouliigca bl e

The gaps that have been identiyed are:

i) The absemdeandfar di zed ¢ o mmpertehhoednosliovgey t hat
all ows esticrmantbii mghdbusi ng and transporta
a2ordabbaseg on mobiEsSpegcidaatlay, there 1is
standardi zeldamtmeo hwds f or particfudisag mobi l
di 2erent types of data, both measuoed, sin
model tr anspsmarntdattiacarhapeedsite daaye st udy.

For exawmmeepf the existing H+T indices, s
primarily focused on national or .metropol
which spekyally on modeled outputs rather
behavior.

Existing H+T methodol ogi es cdoonsnaterex glfi ctih
dotthe speciyofODR hmatsrtiudy ar ea, aratlhow the
treat.meflmhs scrf wei ad cyad e r easso liutt iidsh,ath eOD act
matr iaces afgtgeregat ed across the entire day
bet ween trip purposes

ii) Il nsu€cient quantiycationnomfmoeeptaairahtdy het
usually suthjevceli vesyjud®oFasnd ot her i mplicit
within a combined a2ordability index fr ame

These resear changoatpisv ahtaivoen bfeoern t he devel opment o
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i. Objectives

Themain objectiveéesoftothieyebopdwut hneetesotdiomatgiyo nf o
combined housing and t rtahnastpegriti actaibd re & 2oar caanlyi lair te
and that allows for anmlle sisass®dasmdantesaf soci al

Thimaionbj ective is addressed through the foll owi

1T Develop a speciyc methodol ogy to estimate t
monetary expenekataddcosmse, bassd verysOD mat
T Build a combined housing eand mataospdirmtamaNo
rel amdmtghly transport expenditures t,o househ
att desirddevspgati al
Vali date the oveaaspemiey ttdchaes AgsBt udy (

|l denti fy the spati al di sparities in a2ordat
AMBAI seox,ami ne the inpuence of socioeconomic
i ncome bemettiovistey vi ces, public transportat
a2ordability in di2erent zones of the AMB.

T Obtain Ssigniycatnhte ipnastitgehrtnss oancr os s di 2eren
transportation cost withing a diverse metro

The devel apmarbtmeafhodol ogy to harmonize and int
di 2erent scales using spatial data orchestratic
mast er .Tthhiessinnet hod coul d be appl ide & estpsactoitahler s

dat aset s.
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As expl ained i the previous seicsiehruthusednet
estimateombi ned houamn sggdoamdd bi | i( CHT A Imal re x
metromolaiMtta ai meastsebe study area and observe
di spaactoes t hEhet enmtariint opprhyases of the met hodol
h.Data co,l lvehtitdcdlonatcaunspser f,adh inn @ adlatca o
economic data for further evalwuation of
h .Dat a or c haensdt rhaatrinbonni zati on in uniyed
i nputs are commonly obt adinwidstiihoimesskte ealelnt
uniyed in just one analysis zoning system.
i .A2ordability parameteustiesg imati eamansport at
housing cost s.
r CHTAlleynition and estimati on. For each
I . Resahtd disparities evaluatio®coinmmegr atat mag
Those steps ar better represented in the
1. DATA INPUTS TRANSPORTATION DATA HOUSING DATA SOCIO-ECONOMIC DATA
IN UNIFIED GEOSPATIAL. S
FARMEWORK
3. AFFORDABILITY ~ .
PARMETERS N eTATIoN INCOME DETERMINATION
4. COMPUTATION OF
AFFORDABILITY INDEX CHTAI
FOR EVERY ZONE
RARESUCTSIND IDENTIFICATION OF -
DISPARITIES EVALUATION S OCI]:’?I; ?‘:_‘g %P SST]AL SOCI(;:E_%IS;?;I;DDATA
Fi glr eWor kpow of the proposed methodol ogi cal

apji
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r.h
As
t h

i n

Ty
ma

un

(2]

® d = S

As
un
fo

r

Dataol |l ection (inputs)
it has already been exposed, the yrst step I
e necessary data for further eadla@amdhéi di vyded

i mai n groups, considering:

T Transportation dat a: which should al ways co

survey data and other cost parameters such

i nsurance cost s, et c.

T Housi ngcecmositdering rent and family size.

T Socemonomic dat a: such as population, i ncor

transport ecdnurcalddvoenli ty,

pi ctaHd sye darteaseéepresented in di2erent geospa
kes impossible to workimush baew ¥#atat, Thaegt
iyed geospatial framewor k.

h Data orchedarambnomati on

e use of di2erent i nNpwtut ¢ atuss ubaol tilryc eesn teanirlisc hfe
sues. I n the proposed framewor k, these dat a
om simul ati on, and survey dat a. The | atter i ¢
is usually linked to widesuletrsritor bal saneéé
gniycant. Therefore, a spati adatdaatoar cfhuessitorna tpir
thi s st lordetdedsElde aim of this, diwvwbla ios chelseéy apano
e analytical f i @amdwo rhka r pmroong e da, | | data sour
rritorial division foThimappr angesspsadiinarid leovvperr d tac
chniquepopasdadi @am, which could be also based

eadepending on the available data to correlat

t has already been introduced,orfcdre stiariag i dant a
iyed geospamuaslt dbeatdworkxoning system will b
r all the outputs created and results present

hoh OD trip matrices orchestration

Considering transportation data, OD matrices ar
Zones (TAZ), as it is the wuniversally wused geo
(Mi Il er., Thuhsh ) TAZ wusually do netcohamec hdasan
associ ated. mhlslag tirsamwhfyorimed to bigger areas. T

co

mpress two siwepghtedpwlvetriil@ary met hod and OD m
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rh.oh"Popul a-iwve bgh bweear Ineeyt hod

To assigmalaelaarte t o one loar goaleywsziosnnasgeographic

systemaGlell spatial join must be implemented.

The yrst step is to generate a polygowhinhersec
intersected polygmpoeputl hdai e mage miiidgha enrode asc h
computed accorditngFitowalElgu,ata coweii ghtcomattmiuxt ed
where each cell pepuéd¢ bmwms & ihen esdzadrree .t h e
0&NO6aeeds ¢
DE€NOawmm ¢

X

Thiesguati on must be applied iteratively for all
result of wihlils bper otcheesns used as theomodAZtbevel
(the wusual onei Mo ios DDEMaa va leles )

As it has been previously introduced, this app
the poptuucatirehate botlhh vdaaotl aaibs eep, g sisti abehéo use
variabl e such atsr amep@oarj otbhsd, ccpounbbliincat i on of sev

r.mh.OD Matrix aggregation
Once wehgght w@atriisx built, t&d@0dODfeaaphabiloir ¢
pri vtataens por tmabtgitoanggr egatwed zont agt, Bggsetneemati ng a

new OD .negumait%sounmmari zes this procedure:
0 O j 00 W U}

Wher e:

1T dpaandg®eepresent the origin and d&klesteélnati on
respectively.

T Ydenote the eozaeaneds. al l

=

OO represents the aggregéattesd number of trip

=

00 accounts for the oricmiomalngnJ mdeea dfr otnr i |
e

T w represents téeasshgmoedadkc cddcrediEqrugattiomn

Aggr egbayt idnogu b | en svern gdqcteapait staéency bet ween the OD
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r.fmHar moni zatoitohnerofvari abl es

Housing costs andari en cedmtghedcrri d iyc aatvat dilcabvlieel aotr t h e
aggregated fromsyaokr atsacadlssmisug t he -weament ade a
technaguiet <E£Hhowtnviion

Wher e:

]

0consi derysndadvelt h2ones sets.

T ®@considers the value of theéeé.variable in a

f Orepr esevnatlsuet hoef t Ij @ esvcaarl ieadtideaalqui red f or

the study.

1 wp accounpsesopo@rtpioopnu !l amftoiromspondi ng to the

Zzone

rhi Data orchestration output

After orchestranéeeded ai h W hseuicéhb haese wtomr ikp pows,
splits, travel di stances,comomisé¢ ng ndiosdatsgr sanm
har moni z etdhei nsitgomes p atni dhisar moni 2ataibdre r ect
compari son and integrated anal ysi s across do
comput at icooomifnadcdehousi ng addr dabnbpthypriamndéhex an
subsequWemti ycation of spati al di sparities.

rh, Transportation cost estimati on

The est i mattriaonns poofr ttahtdi e mpoosntesn CiHSD Asdntah . B s
proposeetdhodol ogy approaches to emobimateg pPlaoser
froOdmat rdaoesng waonmdk dhetsai | e.d Blue vreg/s Wladtriaemg v ar i

t heawer aged merpbhgi ture for .Macéeowe@mlm] ysnsorzdert

ensurnes applicability to di2erent geographical
i s deliberately designed to be generic. Requir.i
mobility characteristics and data availability

A distinction is diohsi e ttegeenhsepsoaridk aodn.o'n modes
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Private vehicle

Public Transportation

Bi ke

Wa | k

i Bmpbebant hadt eraté tr anmgyrhiea tdilwand dneddeed

esruablt yspuecshi mes bl i ¢ twhincshporttchudgegs metr o, tram,

ng others.

ener al f d oansil amaoinngr moepblryati am ¢coslt vi dua

imgriepr ovi deeqdu abthyif o n

re:

@ ccounts for each origin zone
Grepresaalhstranspartation mode

0 denotes t hmo na vdrneangsep or t gteiro np ead 0tNQ i n zon
(Wper mom})h

O0paccosfior t hemarvtetrtaggedrr an s p omd degpiean per son
in a spedqiufper mroomg) h

inpis referred tdqWhemimddatrdsbar e

0 denotkes average monthly yxed costs assoc
mo def or a per §oufp eir ramazmojhre
05 corresponds to the average monthly wvar

transport atfioorn amopdeer €foufp eir namazoihte
0p accounts for the cowotTi naszBmy atmeddl et o t he

(Uper mom ) h

yxedr eoshe onreesgdrmdlug s se doafi nusyagreel ated t o p
uchc ar i nsuranceet.palrrkitnlge dtolbdrs ,hand, vari a
s dependent on thes adiagransue.Atl a®vad/ielbddd e

t WdT tgheerson i n(gEgtdhonrzoindkeri ng the transport

me ntHBQumaae dyoanhbe ansipmpeldigerendi ng on data ava
transmpeotrwank bhe ar,eaass oni | dt bdey further deve

|l owing sections.
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rhhDatmeeds

The dat at ktereadn sfpoorr t ¢ ctmpe etsismalt itovvo mai n typol c

T Mobility pmadcdesrsnasr:y to obtain the ,nhember of
mo d a | ahdreaverage travel . Maimdsg/miamg fdi eaman
simul@Dmad ri ces and survey dat a.

T Fi xosc parameueh sas $syehi phre ceé nspulalnice cos
transpor tsaVtoikotnc .f ar e

rh.WoTsti mati on

n addition to direct monetary expenses, the tr
he Vo0%. theoretical meaning and its enoprirical
ravel demand model ing, soci al cacsste sasmealnys i s, [

~ o~ o~

he evaluation of ( Bimal | pTuhbely "\Wo)Tp oilsi ctihees conver si

ntmoney, coemmarelsysed ad$h(iB° rgqeusastoino,n h yh h)

,,Y'Y'Qi £ QEGKDQ QO NE VB 6d GYMH 'Q

0 Ol "QQ¥ow@dm & @ w

PP

The yr gRe stceurnpaec &vount s for the VoTDofedoiogi 61 bg

of Travied (Theneresi dual val ué€& naMaydgriansaltliryavietlilliin
moneypresents how valuable extra money is to t
AsB°°r j eissainddt eas tr avel time saving can be conyv

hours, the yrst part, (iB rg gewsaslE&gtuoa ttifiocn)wage r at e

YD O ¢ ,g;O"Qi 0o W @) TYDm Q
wE U W O Q—Fm ,
0D Qi "QOQ¥owam & d w

pC

Some ot her hawseaasbhiegitaessd at hpeerkent age. oFort he w
exampNad son )( hsytearb|l i shes the VoT between i M and
whiSteopher and Meyburg (hysi1i) report a variatio

(Hauer , hywh)

Another | iterature reference for mobility stud
t htandb ook Exotne rdaslb fTfr anspor(t g,y omhi ch stablishes
val ue of ti me for eadh? &€ue shtpitate ecoscommuti ng a
personal mobilitydi andnédor fiugadpl onmAast ei tveihsi c | ¢
preseint elTda¥Anene x . Th.eh )wal ues for Splabheare the on
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VoT from Handbook on external cost of transportation
Short distance* Long - distance
Sl = Personal SO Personal
Business Business
Spain 12.1 5.6 15 5.6

*Short distance considers trips less than 32km
Tabh: e Vioill Sp ai nHandSookwn external cost of transportation , 2019

For t he dfervaeemeovpdardk ,Vo T vwvail lulé bleed eea cahn aolfy Istohses n

areas

I n many European dppl assyeded sy, altihe, Vtoypi cally d
t he Handbook of externallricmps motoifvattri amspoarteat
di stinguished between ¢ onfnhuet icnogr raensdp opnedri shogn avlia | tut

computed per zoHeuyatdiccomrdi ng to
wl Y W w0 Y po

Wher e:

1 DEO QU O ®@xd®@unts for all possible combin
(commuting and personal) and trip distance
Handbook yxed values.
wO"'Yefers to t hpeerv apleures oonf itni igedé¢ hooari)gin zone
® account for the share of each combi
and di.stance

T wo"Y corresponds to the yxed value of t
each trip motivabmbnn@hMdjodiurs) ance

Thmailni mi tati oanmicsf mestihrogde® |l ogyt hefesenoft WVbe& fr

t he Handbook,whiichTeablee esti mated exclusively f
derived from UK mobility data flosr ae arcéns uolft ,t htel
transferability of these values to other count
l'i mited. Further more, the methodol ogy does not
i ncome across zones. This |l ack obfde@erewti asi e
users are implicitly assumed to bear th-e same e

economic conditions.

Th at i s whtyh efsotyVlo&@hiiss esti mat ed nacccbmees ddnyoT o t |
Equathroe as foll ows:
OO R o | 06 aGO0RQEQ QI i & daprt
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Wher e:
T wOofpYrefers vapeaee pér ¢ oomeign ri@dicthee enpgearat i ng

—

ransport at(itobnmyrmod e

1T 066660662 responds to the perceint azfeeef trig
ori,@ginel byadnode

1 0Qi i §écéoor responds t o the perfricne nzi®asgeeo roifgipner s «
and byda&ode

f @ stands for the mean §Gdywaehprincome in the zon

Q stands for the arfmdyleawdr ki ng hours
| is the parameter that assiwagiectolmenup i mmgor t i
travel ti mes

T 1is the parameter that assigns péaées@omalport.i

travel ti mes.

According to Victoria TranspantiafPel tgpi ¢dalsttytu

ones (iTaabhehevi ctoria Transport Policy Institute,
Percent of Wages 2015 Dollars
Local Travel
Personal 35-60% 50% $13.60
Business 80-120% 100% $25.40

Tabf:Recommendati ons for VoT proportion of hourly wage as
Transportation Cost TJahrdawBelnelitmeAn@d sytss s( Yilct oria Transpo

huhj)
Th $ ncomesedt hod allwsiyo r a di2erentiated valuati
acrossamodonéy , mowhes e weaditasd seirg naerde alsi gher VoT
according to the higher incomes

rhi Private ®oehiscl e

The private vehicles will be classiyeadaraccordi.
par amedtharnr g ni yaclaencttt gtdhtvei r i . h yh i)
Car size
Mini Small Medium Large Error
Petrol mini-petrol small-petrol medium-petrol large-petrol error-petrol
Diesel mini-diesel small-diesel medium-diesel large-diesel error-diesel
g:\:i:? Gas mini-gas small-gas medium-gas large-gas error-gas
PHEV mini-phev small-phev medium-phev large-phev error-phev
BEV mini-bev small-bev medium-bev large-bev error-bev
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Tabil: €ombination of Driving powdire zmndtwsel@ifdimd@bgilzey Sour

Tk ystepoimputi ngf atheeaolstcat egoryy ianghyarhiesms mul

f oerach aehat gepee
The private transportat®osuboafé&€gdompnee! di vi de

T Auto ownefmdThhcsapt egorcy udgsed h,@asetnscur r ed
whet her the vehicdacdhkotusehde ovemiodl e depr

i nsurance, | oan payments or | ea3hege t axes
c osatrse | eicnadteippenndent , but present variatior
size, and car type.

T Auto :Udes catceguinmyr viamhe abl,e degpethdi ng on t
vehicle Thkaage mhunrl ycost , toll s, par king f

based maintenance.

And moreover, an extra subcategory, included i
VoT.

The general equation comiss$ deovebguna@dhijwyawhee rvee hi cl
0p accounts for average prpwat epewcstmimctilbe (clost s

(person ))Lmont h
65 65 65 6ﬁ PU
Wher e

T 05 represents t he mont hly aut o owner s
‘@ umonkper)s.on)

T 6y accounts for the monthly variablebds costs
@A/ (monthbLperson)) .

1T 0p is the cost associate@utmént hepdoJFoper eac

The auto ownemMshi p dceopseond e hito/lpea s isigouant i o n

h,{:

\ P .
o pc ©n G
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Wher e:

T 65 accounts for auto oWmeérn( smoing htePetr So0inn ) z
T owrr@rresponds to the vehicle type classiyca
vehicle size and driving power .

1 wp, representing the weight (%) of each vehi

1T G account s for al | the paut a ypevnerfshvehi
(UWyelaper)son)

T 75 is the deprpeai atyipen( adfio(swtelair d-lpeer son) ) .

T Iy Iis the inperanypecaid/t(wehirdlper son) ) .

T " accounts for therl bgapegdf fyetas dlper son) ) .

T Tx representpetheypaexal (yehkirdlper son) ) .

T .5 represents the pdrii/qdiearmagiertseomgnce

Not e Epbathiibes divi dedaby tthese variables are ex

the costs should be expressed as monthly expens:s

Depreciaticomptest tigqsVvest imaty¢et ypically based on
price and expmpectoedilnigf ¢sop&muati on
08 QOROONQI "QOG@d Q

TR 5008 GF P X

The resi dual value is theaexpricateadd sted, | e aaH ule

according tw Equation h
YOI "QQHcsto Qe QORI P ¢ WA/ Q1 'Q WIID CNE @ |

Theh ¢ WO/ QI QWAODCNEAL coslior & thee mtfagreeducti on from

"0t QOREdti year T.

The variabby wWweesbasxel dependent on t hesvestiowne ithy

Equathy:on

0x W p 0 i o] B Qr YEH A 0O QRQEQ
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Wher e:

T 0p accosdimmont mAvegrage cost per persofQ per ve
(umonktpern)son

1T Q; repressbhatvterage triepaclhengytiph vhoe vehicle t
originatin® kfm/amizone

T 6 & is the fuel consumpvteihoinc|ldee ptleynpdei n(gd /oknm t h

1T 0O R represéaet di-lsasaenccemai nt enancee acohst per
vehitolgel / km

T "Yéegqais equi val encto stttooptehre itme aphm eQazso ner i gi n
andould be dependent on vehicle type, aver
mot or waiyts can beasstheawedghted avealrlage of
dest i nfartdm nea c(hd /otrriigpi)n

1 00 Ot Depresent s ciolse pravkethmtgoppet arting from

zonguilfpr
1T 0 7 account savfeorragtehenumber tri pseoeerri gi nat.
month per person, computed as the number of
by the number of | abor days a month (trips/
0 i is one of the most i npuenti al factors in
driving power directly a2ects fuel consumption,

I n the fTablltehwémeg i s the unit costs Tiin kkiagnlaanad u

hoyh i and wil |l change depending on the study cac:c
I;lotal L | Enargy L(;arbon dioxide [Strategic stock
Driving power (€ incl. tax) AT Base ontent tax X ee
Petrol .000 €1 4% .85 € 3.79 ¢/l 149¢cll .68 cfl
Diesel .050 €/ 4% 1.06 €/1 4,57 cll 4.56 cfl .35 ¢fl
Biogas .075 €/kg 4% 1.36 €/kg 13,29 c/kg 18.09 ¢/l .11 c/kg

Tab'l:.®ower cost in Fhebdtans.ofJovuorim@l ity

| t is also relevant to consider the electric v
share of the tion att hevlemoiche fpalkowithgi Fabhewn t

combination of vehicle skFizeliamdh(Wiiirvingypower 1
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PHEV BEV
Se ¢ Gasoline Diesel HEV PHEV PHEV battery BEV battery
EMeNt | (L/100km) | (L/100km) | (L/100km) | (L/100km] | (kWh/100km) | capacity | (kWh/100km) | capacity
(kwh) (kwWh)
small 6.5 5.4 4.8 NA' MA NA 16.0 45
Medium 75 6.2 57 4.5 7.8 12 175 B0
Large 88 6.7 6.6 5.0 54 13 19.0 15
Executive 85 6.9 T.0 5.2 114 15 205 a0 E

Tabil.e Di stinct power ccoonmbsiunmapttiioonn obfy viehhei cl e si ze and dri vi
The costs (difrimobhiyhiit)y

As it has already bceoesnt npieiwt QREi®d epaokisng er ed p:
of the uwsaeoisdalsl.e To esti mate the awvwear azgpteie¢e for
Shoulcdomnsee dlebohé: fee paid in the orMogienoverrd i n

the di2erent typologies ofstpareki ragsdnriesad ehpeadedv,a |
o?street and free, é).

Final lcpfotrhvibiifis ¢ o mgpouc cerddEqrucga tbi @ n
Ok WERY O O QT
Wher e:

T 0p refers tovdlheteicmdstpeoaf private vehicle tri
zongu/ (personkmont h))

1 wégYstands for t Herv &@mneeo /pigitiomeé vate vehicle
andsti mated as post.ul a(tte/dh)in section r

T o6 refers to the average travel time for pr
zonh/ trip).

1 0 7 accodmtrsatvlee age number trips pe@r origi

per month per per son, computed as the numl
mul tiplied by the numiearmr ifs/deaocbydom days a mo

Finally adding,upheheabyead VYdESttot al private verl
per origam keneomputedmenthonhkd "EQuaadpn

rohor Public transportation costs

Public transportation costs are estimated by ¢

transgort

T Train
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Metro
Urban Bus
Bus

Tr awnay

= =4 -4 A -

Taxi

The total avpulmtgiea momdrhtl ycost peid specraslocnu liant eeda c:
the weighted avpeaigec odo®ismogdet he modal shares ¢
wei ght s. This formulatién is presented in Equat

On in Op Q)

Wher e:

T 6rp represents the monthly publGrdtpamspenrsan
(Umontplr $.on

T ipis the share of pubdic transportation mode

1T 0ris the cost of pubkEin thé&nspopdaqitpemsarode
(Umontplr $.on

I n exemption of taxis all ctolsdtrsse pady&Egued amys por t
hh_
Ofp  WERY Of W { i ¥ i 0 ¢ G
Wher e:
I Owirapresent the di2erent fare typologies

1 60rare the amemdadydety of each publ iépetrr gprespoornt at
i n ZGarse of Udpo niple r ¥on

1T wégYst ands foreltdottedriamesdrisgion i at epdu btlo ceach
transport &t(idd.m)mode

T 0hrrefers to the average t réawmeal otriinge nfadri ntgr if|
zonnhour s/ trip)

1 Wwrp represents the weight of people using e:
modeand typeOdwifiQnf Z'®Pdoe

T Y& referef dmeltdait edh€cdsitcket price which can

across allarzyzomes oss (diuX@Erpent zones
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. Finall;l yaccount savfearagtehafu moreirgss nati n® from z
per ppesomonth, computed as the number of tr

by the number of | abor /pey)s.omm month (trips/
Finally, ttdei ctorsibpdi@rst i naactceodr di ng ®tio Equati on
6 5 & T Qn  wEéRY of 67 co
Wher e:

T @&is the minimum fare tao shartzoa®tofpowi ghne
(al t,rip)

T T refers to the wunitary &oGs/tkm)er km in the o

T 6 refers to the average tiipoftirme)per taxi

T Qn refers to tHesaperagaextirad® kan/itgiim)ar ea

T WERY repr eseVotTsort hteaxi ni@ d éthrio)n zone

rhs Bicycle costs

To esti mat et wd kdei 2xeorseenst t ypol ogies of bike are
i YPr i Vba tkedy (
i iBi ke sharioag system

The tot al aver ageQbsi kceo ntpoust tewli pakst  t ahoee ptghgee

previous mebtitykpponeodyi es, as expressed in Equatio
(o iR 0 CT

Wher e:

1T o5 stand for average mont hly bi K cost

((ua/l/ (monthkLperson) ).
1 oQ@eds@®@and for bike sharing and private bike

T ip represents theQ®Dj@e efacild eomte
1T Ox represents the average mQRORMNYy eacht pe

zonk(U/ (monthLperson)) .

The yr st ,atsy piotl oogcyc ur s wiitsh @o \betravtoeedt welteisc lods co st
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f Fi xed Qonsttshii s case it accoumtnsd froari ntt heen abnickee
costs.
T Vari abl eThostesaccount for the bi-kas ade, i n

mai nt enance.

The general equation for private biklkeekowts est
6 L. 65 oy OE Py
(US
Op, 0 7 Cu
T 65 represemtvser abe yearly yxed costs f o

owner sihni pz®nesuchleparseci ati ongyx consati na@ndance
co(siyeaper)s.on)
T O consi danvertalye variable maintenance co
bicycles (0/ km)
T Qj consi daverbaige trip |l ength for private
from @&kmé trip)
T weégY accounMaesTdrorcycl i'thg/ hoaurzzone
1 Of i s dawerage travel time for private bi

zonhours/trip).

I n t he tsyepceo nadiho dod tkeo st assagoivetremced by the fol

Equathit.on

WEéEY Of

C-
=y
0

On

Wher e:

1 O0sit he monthly pass, eq@idi wualemgt tthe @i keed hao :
(Umonktperson

T Q the fare for each triphwamiegblien ctohsits,
dependent on théuhnhumbed) of trips

1 of i s avheer age tr hwvkE sthreiepshgari ginating fr
@ hours/trip).
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rhi Wal king costs

This transpoorntlayt iionnc umosd ei nVa.T clotss mag nietrundse oif n p
peopleds choicandto iwal ke watl dd Ibifetaicthig ezroch et h e
closeness to the points of Thnet efroelsltoswi fittsgu cEhq uaast i

expressed the monthly walking cot s:

8 OE oF o 7 C X

Wher e:

T 0Ox i she total mont hly generalized cost fo
zoneuMonktpherson

T wégY accounvosT drordomre wal k(iun/gh oturri)p.s

1 0f is anherage traweal kitnigmpes foorri gi nating fr
@ hours/trip).

rod Combined housing and transportation a2or 0
deynition
The CHTAI is deyned as the proportion of the h

and transportation cost s.
The general original formulation poblBaslkleerd i n
readapted for this speciyc mMe&¢thodol ogy accordi

PO I
o0 O"Yo GT c Y

Wher e:

T 00Yor@epresents the combina@omdadingtaygndntdrean
each Qone

T Orepresents the average mM@nfjhlsy kcowsidgrcao
aver age (moemthmusehol d)

T Ystands for the average montthuygt tcanspdetin

t he mo wtohr Iky n g days trips cost, for ever
(Umonthmusephol d
T Oi s equi val ent t o t he average mo@t hl vy h

(Umonthmusehol d) .
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Then, computed transportation cost s, consi der.
transl ated into household costs. This is done

according tvo Equation
Y 6 OY qw
Wher e:

T 6 i s t he comput ed average transpofQt ati on
(peoslmgnt h
T OYwepresent the housefoplaimssoae® 8 or each zone
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fApplication of the proposed fAMBmewor k: t he

This section details the practical application
i n se¢gtta ®NnMMBI t outbrcemesnamiec characteristics o
speciyc data processing steps, the computatio
empl oyed to overcome key dat aCHThAh|l angeal i nhba
context. The main goal i's to &eld&toart ea stshees shiencge

the soci al and spatial di sparities in the area

i1, h Area of study

The AMB has a strategi c passiotipieonns iSp atihne tsoo uvtohr |
the Mediterranean Sea through t hTehiwelplrinvaw elded

position is aomeaodhgt htehem AMB is the epicente
concentrating i .°Mhiy 11 Bofi nhxathe etgaimet sgeudsdo iotf s 1 1 1
Cataloniads cosur £apendiytg% toof itsacpops | dttisoni 1

muni ci pahithesr atncl mdaled of the Gross Domestic
(AMB, hyhu)

Compared to other metropolitan areas in Europe
in extension but al so t,heceioghlti nlgartgé £MBiors tpacdp u
hyh.These characteristics generate pronounced d
stemmi ng f-e©®onn smicd oand s atdiad p adci bvud rdssintsy at e

i ntb2erenceassipowrtati on amnrdo e visfi ivghrigcohs tasr e cr uc
tanderstand the econoimiisndnlabsasanaisnalkminldi ttyh eo fi my
quality of Ilife and the social welfare.

To provide a detailed pictutre iodenthief ystamdd ameel
socdgmonomic and mobility charact eriitsitriistts i af t he
necesseatpabt osh which geospatiathméevhedohogital b

application. Considering,ithdamaibretatdescetde dr ¢ D
territory in nmuintihcigpaspecieg€odi shenctiityn orhadBer
consi ckcarcihngf its hy distirdar,t spopdwleattioo® itde rbd igt

economi c amdd vmosiiltiyd waacrreoas.st'o'galospati adarei visio
consi cceorrece:sponding toand hwnoicd tpraddits teys of Bar

Thizsoni ng issyhsetreefmer Retlemence Territori al Di vi si on

This approach repr esewhischonies mah en icrhtad d reaatgieon  «
dat aaetdi Jemnasmptaev almuni ci pal i t.i eBFo aadhdirdess ri ct s
necestshaer ywse of geospati als twe dplrsoagsruaonti hreegs 1QaG1 gSu a ¢

r h



Mi gquel DRodear Torre

E) % Escola de Camins

Soci aspamidal disparities on combined housing an UPC B ONATECH

S uc hMaatslaanbBy t h,6 @ prtolcee stdlat augh a series of steps

dat a i ntepatitabndeodmest ry <spatriexlt i o nesteaa.®,ecti ons

generate the desired maps and tabl es.

The main objective

oottt andlan Aiepe ottleadmhgi st r

boundaarnide si ntseoggceeobeomi ¢ and mobil ity indicator

spati atlheuneibty, ffauwtiurie aandwhgylskeisngsti mate transport

and housing cost

The dat asets used
Naci onkd t2sdidei(da\E)
OpenDat aBCN.

n this study arlensdduruded f
nstitut dOEstad?AMBand de Cat

The extensi onomdi deirei MgMBt he RTD unigeshgwmspat.i

the foll owi ffFg gma @

Castellbisbal

Sant Andreu de la Barca

el Papiol

Corbera de Llobregat

Palleja
Molins de Rei

la Palma“de Cervelld

h

Sant Cugat del Valles

Barbera del valles A
Badla del Vallés
Ripallet

Montcada i Reixac
Cerdanyola del Valles

Moritgat

Badalona
Santa Coloma de Gramenet

Nou Barris
Horta-Guinardg 5

Sant Adria de Besos

5 A
Sarria-Sant Gervasi

Cenvells
- Sant Feliu’de Llobregat
Sant Viceng dels Horts Eixample:
Les Corts
Giutat Vella
Sa/nt‘a‘GoIoma de Cervello SantJoan.Despi %{
Torrelles de Llobregat I'Hospitalet de Llobreg t

Sant Climent de L:lobregat

Begues

Castelldefels

Fi glhr eRT®ed as

Viladecans

Sant Boi de Uob?egat

Cornella de Liobregat
Sants* Monqunc

el Prat de Llobregat

Legend
[]AMB

uniyed geospatial zoning system fo

To obtemiap nt Fihgeshapearleesnecessary:

f Municipality |l evel shapeyle

1 Di stlrewdilapeyl e

To integrate both

data sets I nQG vwassepldlgeue spat
yrst step was to remove all the ®Recbodpmsltiepi es
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® @d @

e

I ntegrawasimelprnocneastse t he muni cfirpaamhi t e of
icipalitgs shhpexligay needed to be subdivid:é
sequenmngteloyp,r otcltesBUmigvasompd ltiandr gdve di strict ar

i cipal |l ayers into one uniyed spatial yle.

e bowédr g mesnigsecessary to yx the geometry an
ndari es bet ween the districdssingmgdgs theaedadj e
rsbpen arise durinddaemgi ng s¢ eapsaiuscg al for

se@eeomptrocessing analysis, as any géemetry p

cessiing steps

uniyed shwapedlien ittenrmenof attribute tabl e,
identiycation ORTDheoahredT 3 pNametahlatj oienttai (n

oCci al identiyers of bTohtihs nsutneipc iepnasluirtei se sc oant
linking further datasets to the new divi si
Vii dfeadbilr GAnnex) .B. |

e the spatial i ntegration has been perfor
racteristics begins.

er completing the spatial integration, t he
f or med. To do so, the di2erent dat asets wer ¢
ng the identiycation code. DatoalsexCsSoMwer e ob
s, for muni ci p asleiptaireast alaehd weli st rjiod thne d thro
respondi ng codes. The outputs consi st of !
icator s, represented in six graddtateedd cl ust
or scal e.

d adracdhai ves airffalpiiypAndex B. ")
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i, hhPopul ashadat a
The gnatrysliat ed t o gpospudllattiigoini €« hstvhe popul ati on
di striibnuthiaygpg'nmosRTDR hleevdl visually highlights whi

hi gpempul avhiiam,r uci al for understanding demand o
the varying needs for transportation infrastruoc
Ast is obtskevmdst popul ated divisions correspo
of Barcel ona, along with the municipalities of

Popul ati oge dendalictryeases progressively with dis
repecting the central role of the city in con

generating mobility pows.

Legend
Population

[] 3044 - 20881
[ 20881 - 48007
[ 48007 - 84831
[ 84831 - 124460
[ 124460 - 189722

[ — I 189722 - 279993

Fi gur ePopuimaf ooMBE n RTD | evel.

Toreyne the demographic under st atnldgonpgy, | aitti ons r
densQyB® ,again considering the 6Fugyr gecdspati a
i ndi cat or ahs gchr weoipaull agss on density often correl
and urbahypatctabhy corresponding to urban cent el
services, eduyhceaatlitohnc acreentaenrds t r an d mo rtthaet iootnh erre thy
popul at i ocnordreensspiotnyds t o admomogr apandamediradd i s

seen the cityiisaft Bearard othhmat concentrat,es the h
all together with the municipalities that are
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Legend

Population density (Inhab/km2)
[1148- 2038

[1 2038 - 5666

[ 5666 - 10776

[ 10776 - 17125

I 17125 - 25735

[ I I 25735 - 36316

For
foc
per
a?lo
hou

Fig

t ho
hig

Figur ePopul ati on denisi tRTDnalpe feolr. AMB

h . -eSmomioami ¢ and housing dat a

t h-ecesaomoc parameters in the characterizati
uses on average monthly rent, average net in
househol d. These tiomdicatlbes atrableisslkenai ph
rdabi Ifiotry iidredexwfi yihndi @heas percentage of i nc
s.i ng

ur e ! highlights in red the areas with the
sever al di stricts of Barcel ona, especially
ter, as well as municipalities suthalas San

tribution of rents reveals a clear trend: |
celona and decrease considerably with dista

the eastern and western parts phtthenmetr opc

ures 4+ and 8, respectively, show the average
the AMB. Both results are similar following
se areas that were determined wiatrhe alsi gviagrh r e

her i ncomes. This makes sense, as families v
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to more expdrevieve maoiteaad.,] zones follow this pat
possibly to tensioned areas, which be further

A

Legend

Rent (€/month)
[] 456 - 456
[ 456 - 803
[ 803 - 963
[ 963 - 1163
B 1163 - 1431

[ E— Il 1431 - 1616

Fi gur eRent map for AMB in RTD | evel

Legend

Avg.Income per person (€/month)
[]11872 - 13284
[ 13284 - 15104
[ 15104 - 17934
[ 17934 - 20615
I 20615 - 24409
_— I 24409 - 29454

Fi gur eAverage income per person for AMB in RTD



@ Escola de Camins
Mi quel DRodear Torre UPC Ji Escota T 8 Enginyeria de Camins, Canals i Ports

Tecnica Superior o Enginys
Soci aspamidal di sparities on combined housing an UPC BARCELONATECH

Legend

Avg. Income per household (€/house)
[ 130561 - 34449
[ 34449 - 41317
1 41317 - 46031
[ 46031 - 49723
Il 49723 - 63487
T Il 63487 - 78207

Fi gyr eAverage income per household for AMB in RT

Finally, a yrst approximation to an a2ordabili
the average rheonus ghewrd gonveee aaglel i n @omE hlaiatt @ roant w'r & r

Results are s“h@wrsiidrerFHingura st htebe s hadasriedagsbh t e st
are the districtsonnoe Broorsetée koofnatnfdew hhiocdhs ghhaewv e
popul ati on tdentsicdkw2oDdabi | capf bpeoep mwwtesi de
Bar cel omiapbssai bl e shaded cost whiralmé mwot hatbieon

evaluated.
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Legend
Housing Affordability Index
[10,179-0,21
[10,21-0,236

[ 0,236 - 0,259

[ 0,259 - 0,292

B 0,292 - 0,324

—_— ) I 0,324 - 0,417

Fi gwr eHousing al2ordability index for AMB in RTD
I . h.Prel i miansasreys on transportatdobatinbouabsbnuctur
Fothisitial characterizatiton sofi mplhhetanéatof ce
available transport i nfr.,asTtoguecittuerrea didnete aomnta | RT L
par amet € heal Iwiw |e vpaolsusatbitren | and spwitti ailn di k@ ar
AMBand how those disparities inpuence residents
of .1ife
The yrst mapll osErguee public transport connect

density. Tlias ibrececinc &toonrput eMo thialsietdatonGThS® Upl oa
Gl &nd wusi ndc aunret tpoooilntosOni nt hpeo |loyngeodhh @ red eaniclee ar

be obsbeertvweeden t he city Sudr Bauntuwnl irogiapiaahni d étrehses

of public tor hBhim@asur eo2%m@rpyreisncaispadf iandstcrada mger
reliance on public transportation in those ar e:
throughout the methodol ogy.
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Legend

Public transport densiity (stops/km2]
[ J1-8

18-17

[117-28

I 28 - 42

Bl 42 - 61

[ I Il 61-91

Fi gurePublic transportation density map for AMB i
Ont he other hand, the private vehicle mobility

motorization rate, which accownys ifndird Btiuhseh nnt tlsmb e
considering cars hndFimogtbhebirlesau) t from this ar

clear pattern compared to the previous map of
hi gher public transpor tnodve rsshiotwy ,| essusc ld egpse nBlaerncceyl
transportation as tikeowdorteasi fatritdreri mdveay fr om
show motori,2tdataiton nr atoen® muni ci pal i ties doubl e
trends aarse fcuretahrer it gets from the city of Bar
transport iisng omer,r adenai geivage transportation
These concepts will be further analyzed

It i s also i mportantadtomoeaniallhyizyd i tklee | b sddeemtsa t vy
is essential in the pronmtaizom hafanbiblke utsreidpasi n

di cTanteorr.esult has been obtainéeédrhibey AMBvnNnd fo aaliln
the bike | anes &mudn dsinreq |Reguhesl afie shown in
ere a signiycant di2erence between Barcel ona
Thi s clear di sparity i n t er ms of active mo b

transportat i on cost s.
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Legend
Motorization rate
(Veh/1000 inhab)
[1338-382
[1382-453
[ 453 - 543
[ 543 - 595
[ 595 - 667
e B 667 - 733

Fi gltrye Mot ori zation rate for AMB in

Legend
Bike lane density (km lane/km2)
Jo1-2

[J2-5

[15-83

B s3-11,9

B 11,9-26,1

[ —— B 26,1-33,1

FigumBi ke demsity map for AMB in RTD

RTD | evel

evel
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Fi nadllly the data obtained from the study area
Table i 4 (Annex B. 1)

1. hDatuws efdotr he oasuay

As it has al r eadye breeeanrhoidnotlroogdyu creed,i ets on t hr ee |
housi ng, transpoec@anoming iamdi csatcqtose din2 drha st s
vari abltés n t heswvd |datbeg erxipeoss e d a nApdr oecaecshs i nnegc ewsi sl al

be expl ained.

T Housing Asatiat. has already been introduced in
these vari AbkbengmrtrzeprehviemMBmmeome per househc
and household size.

T Transportati @ampdraetsas.e s t he dat a necessary
transportation cost i n th@dheai har antdatagkiebd
corresphaundrtia at del TreAmdypomul Bleedo P®I matri
and MoBBiulrivtiay s ,waesl ot bet i ndicator s, such a s
mai ntenance cost, i nsurance, which will be

dat aset s.

f Socdie@onomi cymrrdcal e popul ation dat a, servic
availability. pahametdats® is relevant to und:¢
spati al di sparities among the di2erent divi
index is built, and comes from di 2erent sou

They bwi lulsed once the results of the a2ordab

The dcaotuaces and keegd vfaoi abthege tsheecrt o omeas al read
introduced for the study ar @abct bAanrnagcxii eBaimdat i on
Tabl e 1 h (rAesnpeexc tBi. el vy

s, Transportation dat a

As has been already exposed, transportation
transportatwhooh costsesponds -ctom s u tsid neigmto Is & ti me
met h od ollwagays. ews | | be used

T On the omae@Dhamadcioins der i ng ttrhiep s idnurliannge dwe e k C
bet ween each tra¢c analysis Meomep @EAZaN i n
Bar cel dinwai.sids cal-EM® ZAAIi ng system and cor 1

j BN di vinsitbes AMB extensi on.
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T On the othéde kWamd coming frdmritmge WMBKk daiy v
cal EMBR.n t he AMB,tdxt gmainam ar ity sxfpotsteal r e s p
i n AiComamwca(sparticul ar adntimdtst campvess egiur

muni ci pahdtilkeses hy districts of Barcelona.

TheEAZEMOsi mul atedsdabomposed by two OD matri xes,
to the privatdaurvelygi oMeeedtdbaihhes ot her correspondi

—

ranspoduaritmg pwBektdawmatri cefsr amea asirmsludtti on wi
of t R&riesum duri ng pehref onbepeekddib®f.s Those do not s

s
bet ween di2erent public transpomtodt Bbanmedes Asn

t has been atbs@by maxxpioced| tondiedetrrips from

o

estinatBMO fTOAZ al | t he area of, Gat dltonisa nierc eas s
ylter the -EEM@@n éeés WIiAtZhi n the AMB, which represe

ThEMERB ur vieaytt@or r estpoontdhse mobil ity surveys of t he
h1 and over, duriTfhgethes wbtbhimamcidmy igaenndenr al ,
i stf otchtes cBaryc eolhonah.e AMB ,exthersfiomm daad "y
istricts of Barcel ona. The information compre

uch as: gender, transportation mode, distance

d
d
S
of the wvehicle, type of pmuobt liivcaetttidong s pdDt abht eon
surveym hyhirfintlludessgomnssdvedyi 2er ent Ivtariisabl es
al so relevant suoveygsshadere twandi Relanedpaot sr i
variablas)Yhaemdone rela¢feww twar rbipawelveesn),. one key
l i mitation is that b ptthhi sspiirssjeg s rbh@tr e eh@bedelk at e
trsilpt is redmtviaon tlatm all the EMEF variabl es u

applicaprienemred i(Andabl|B. ")

When working with di2erent mobility data sour ce
not structuredspracumd ,dbhesi sSdmensas al readyhilseen

t hesi s, the avai TAEIMO &atnud eati g haE MRt remo b i | i t y
survey @eatéh organized at di2erent spatial scal
the RTD will be bGged; stcomicit si od@ atnhde otthhee'y of Bar

municipaliti.es of the AMB

To addr ecshaltieimg ai 2er ent datat @aseclsdster,ati on
har moni zat ivwinl Ipriowec esetniles cEM@A 2z camneds f or t he EMEF
zonesThi s process-sagarce gateesstthhend §Raddpe d snpgeot | al
fram&kwor
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I n the follsbfhainbgt Fegdi@2erent scale bEMQueen EME
zoni megtiasllne dc.ihrdurtehe extension of the AMB is di
correspondi ngM® oz d mien gf ALyFsitgeunm.e hi , t he EMEF | e

graphically, considering the Afcomarcaso with
Vall s Occident al, Maresme and Barcel on s, and
compressed in the Barcelon s fAcomarcabo.

DR 595G
2 0,
RGeS
S a5
’(‘i-@\ﬁ"{',ﬂ/
S

Legend
| | [ TAZ-EMO Zones in AMB level

Figtme TAMO zones heeMBh

\Vollesloccidental

Baix Llobregat

Legend

[ BCN Districts EMEF
Comarques EMEF in AMB level
[ Baix Llobregat

[ Barcelonés

[ Maresme

| Il Vallés Occidental

Figwime EMEF zones within the AMB
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i h R Housi ng deactoan oammidc sdoactiao

Housing data was initially introduced during
focusing on factors such as average rent and h
economic dat a, considering population, i ncome,
t he territory, wer e al so consider ed. Whi | e a
suppl ementary indicators such as education | eve
or data could be I ocated during the research |
Bacelona was detailed, but for other municipal]

10 . Transportation costs estimati on

In t his,tsheectmedrmodol ogy to estimate the transpor

The steps are the foll owing:
h.Obtain a set of OD trip matrices, di saggr e
harmoni zed in the unRVEd esnsdyi dg ameevo®R ma

transport mode.

h Resolve the inconsistency in OD matrix trip
costs are attributed to the place of depar
reassigned to their. original point of origi

i .Compute the modal share of eachrtr&®ADportat
zonesnsidering the previous OD matrices.

r.Obt ailnd the distance and trav ®ITDtoinnkes rmat ri ce
each transportation mode analyzed.

I . Compute the average travel times and averag
for RBDhzbweweighting the distance and trav
corresponding OD trip matrices.

1 .Obtain andahar nmtbbei ze@est parameters such as f
in theruniggedpatial zones

8  Esti maVYeTetrlhhee ac IRT&fo nteh e

w . Computaet hogeest per each transporotgati on mode

y .Finally, once al|l the averageRTZosesaper tr
computed, apply the modal share of each z«
transportation accocsotr dpenrg ztooneEquati on X in th

The following workpow summarizes the steps:
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1. OD MATRICES
OBTENTION

2. 0D MATRIX, TRIP
DIRECTION
INCONSISTENCY
(SOLVE)

3. MODAL SHARE
ESTIMATION

4. DISTANCE AND
TRAVEL MATRICES
OBTENTION

5. AVERAGE
TRAVEL TIMES AND
DISTANCES PER
RTD ZONE PER
MODE

6. OTHER COST
PARAMETER
ESTIMATION

7.VOT ESTIMATION

8. AVERAGE COST
ESTIMATION PER
MODE PER ZONE

9.AVERAGE
TRANSPORTATION
COST PER
HOUSEHOLD
ESTIMATION

di sparities o

n

1.1. OD TRIP MATRIX IN
TAZ AND EMEF LEVEL

|
|

combined

2.2 0D TRIP MATRIX, TRIP
DIRECTION SOLVED

3.1 MODAL SHARE
OBTENTION PER
TRANSPORTATION MODE
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CENTROIDS)
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shoul d be di saggr ewhaitlead rmaiomt ak ME R

t r i pdsi saltreivodtle. Bar cel ona

whi ch
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i . Pulblicprdrwdate transportation matrices obten
Theecesstaagysobtain the public and private tran

consi der :

1 StepFihlteri ntgr maghter i@@ks just by trips with or
within thAdse tAMB.or i gi nal matrix contains al/|l

extension.
1T StepDa@ta orchestratigmotnn TAZRTOyEtbe etor. i p

| nt spprhi or to any data orchestration, tto i s nec
include only trips wi.t hTa hdtdh®&®ABANMBp ihplse AL elnev el
i nter své¢e ¢ thd #Boeo un dsahrayp &€ yQIGd sSo f t wartalpe geopr ocessin
tooht er sedthien process reduces the divisions froc
to 1 8h TAZ Zzones cor reexstpeonndhienngr etsoultt i engAMB apey
subsequently cl eaneed rtoor sxg@ronde etd @Geso@mt &eixmcieh g y | ¢
all tbhed€&€AZinside the AMB.

Once the atdcaontbalit ®i nzacovieet hTIAZ t hdasdMBeen obt ain
The OD trip matrices for public and private tr
trips with both origin and Tdekppgeéei albd®owbedmsi de
i mpl e me nutsel tihhgegyf t Wleart d, @dn s i doebrtiangh ed dEAZtimes i de

A MB, asAsyld emesul t a bewl ODPsmatcteredwase the s
corresponding to the AMB.

I n sthepablise the spatial-EM@ymariimg sdwfndthemdtAZh
framework adopted in this study (RTD), it was
zones into the. |l ahgserpRdDesnifoell ows the dat a
describeuattiodn t he gener al ume BEQVMOT dslzhoagpye y | e y 1 t er
by AMB boundary and RTD shapeyl e.

First the area of each polygonQGInS bAtheshtapet)
pol ygon i nktetrveeeecrt i bhe two shapeyl es was per fc
pol ygons that represent the overl apping areas
each intersddvaesd mpaltyeglon he share of i ntersecti
TAZ adea : These shares waightbefousadgaggati ni
from the TAZ | evel to the RTD | evel

As in this case there is no population data i
adapted tecbhaaed anpeah@Glt vasi ouns.e d, using t he \
geopr ocesisnitneg steccali on
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The attribute tabhe ghtsai teod umaiBowr the RTD

column for the TAZ code, identifying the TAZ z
Then | NA&€ R _ AREIAU mn refers to the proportion of
Comparing to the total TAZ area it remains the
®

Table {1tmhowsructouwrtepuafs tolbe ai ned from this g

i ntersection.

RTD_Code TAZ Code |INTER_AREA | TAZ_AREA |W _TAZ RTD
80155 48199 0.493 0.493 100.00%
80155 48206 2.341 2.429 96.38%

Tabil:Exampl e of the obtained results from TAZ to RTD a

The OD mathri RTatsl etvheeln i mpl emerEgadt wiems atthe ng t
met hod.oNhegy dpamwdcare the origin and destinati or
areaoning ,syRTalkdpandidgaehe TAZ origin dahds destir
aggregation was Mampadmedarhteedylitrer ed OD matri X

extension.

The output obtained is the public transportati (
RTD | evel and AMB extensi on.

i, .Walhandi cytcd &@&nsportation matrices obtention
i pPata source and initial processing

Asi t had nbe o wadv&kd ng an@DmAit ayweleeeo nst rfurcan d
weekday m®sabv(eEiyMEF)r whboke extensi oW PSS f Cawbakoni a
was used to process this dataset, yltering r
destination, given the | arge sample size. The
| i sitredTialbl @Ann,exa$B.i"t) hhaesn ahe rtaidyne d.

Before yltering, i t  wPaEsS AveéXa @ sadhd rey atso aa pcpalsye twhee
variabl e provi des the expansion factor for e
responses to the actual number of trips they re€
since the EMEF is based aamh aepampled ofipesiode,]
mul tiple realPHESAémss.urlepspltyhiantg t he OD matrices ¢

survey data repect the true distributuwumoe. of tri

For mo d e identiycavtyioth ,Rasheuswedr i ailten val ues

corresponding to walking and i to cycling. Onc e
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were analyzed wusingVuyrBawhtCOMs Qb fanar idgeisntsi n@t i o
(Vyi Camh€OM_DHh This procedure generated one OD
covering trips between the hy districts of Bart

(EMEF geospati al l evel ) .

Certain adjustments were required before proce
Barcelon s, or vice versa, were excluded, as t|
| evel trips of Barcel on s. Li kewi seeg ®WAMBps wit

were removed.

After this cleaning process, the result was a
| evel for both walking and cycling.

ii) Disaggregation to RTD wunits

The c¢cleaned bhr I hor matrices were then disagg
di saggregation wavkti,mplrrvwveelntierdg itrthie? edtegynnd t i on
types and applying transformation rul es.

Theitp tpypesdeerad

T I'ntramuncip@ahesei psips adiestmanaoé yt shps torig
and terminating within the same municipalit)
w)y, this type mofstt raifapl tkrivempgr easnedn tcsy c |l i ng tri ps

T Trips within the Fsoaamet rdiipsst rwicthi n the sam
Barcetlana,i s mompdrettlreer tirmegu.iorramht i on

f District to munilcv @latvreispy ftrroimpd$a Bla rscterliocnta
anot her muannidcivpiaclei tver sa, need to be disaggr

T Intermunici.pallnvalipessweéeemnmpdi 2erent muni ci pal
within t he s ame comar cfeomaa aThey s r adqRier e
di saggregation based on adjacency and popul

For this iampedyynwtkhhephr sskat generalized "cost" or
traveling betweemwatswamo ltuoschantdjedaesl ex ponent i al ful
common in some trip dissthrgiwhd ptgiodbrabmedeélss t he tri

on the diCostmamcee of the transport acces manual

Il nstead, the disaggregation ,rudealjwegamdysed o

the population distribution within the municipeé
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1 Adjacewahking and cycling trips are geogr a|
municipalities. Therefore, onl vy adj acent
di saggregation process.

T Population WEiighsiwgre allocated based on t
size of municipalities. Larger municipalit:i
their higher popul ation.

iii) DisaggreghiMbatbabrul es in

Consi dertihreg talilp ttlygpotopgluéamiseagappl! iMad Itadi ng
di saggregate REMEFedat a to

T RuleThrip within the same municipleityigs ntr
are adjusted based on the population weight
and the autoconcvwehmitcahatrieomr eosfe ntrsi ptshe proport
stay within the same municipality.

T RulPheTrips within distr.ilaots$ hef cBaeceltdna i s
checking i f both zones, are the same, and i
remains umnmdhlteangdd.s are dirERMERRmgat copi ed f her
RTDnatri x. No disaggregation is performed he

T RulieTrips between districts and muThieci pal it

di saggregation considers the adjacency bet

i mpedance function. Speciycally, trips are

boundary, as iamddiacaned Fingua®ke ‘'t)r.i ps bet wee

these zones are distributed equally among a
T Rule bl ntermunicipal trips from one muni ci j

within t he samefheomari pas ar e di stributed
municipalities that share a boundary within
of trips is based on the population of each

receiving a higher bpbpyopopuilani ofi Twed gbti ng

process i sr @mhréeommamenoh nfgmaanacpal trips.
f Rule. fhtntermunicipal trips from one muni ci j
within di2er eanlthecodiiasracggr egation is perform

trips distributed among adjacent zones that
is that the disamuwymieqgiafgdloint iceoan sfirdemsdli 2er ent
t hmobi | weyghsed byf ropedalt i ammd cagjabsted f o

adjacency.
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i v) Required data foMadl abggteyation
Summari zi ng, itnhpdiaf eMalt d smibea gneeded:

f The OD matrix i n EMEFoHhteavieB ® @Sfakdyms i s .
T The adjacen¢ceommitgtiixng in a bh and Yy matri x,
pairs that are adjacent Fangdurwy fhor. those whi

T Theada oconcentrati amaliint ymulnehvbdedh corresponds

percentage of trips in each Comarca that oc
and w). This is extrapolated to each muni cirgf
t o.
T I'ntersection ofwepgbul dtit eveen, each municip

fit o madgwha ch beRAvaigkabléeli § ABalk)e

Those data inputs WMat éamdwwbohded appl ying eac
restr jacntdiiosntsr it bumddODamatri x( &TDrtegvel).

v)I ntmwni ci pal trip shadeaadcbetnecnyt inbant ri X obtenti o

Thper ceqafagient r amusaircei poablt atirniepd f r omvittthe tEhAMEF s
SPSsS ft war thweeFigdsttst he rwesgonisgis®ESARBRXD | at er

yl edry moWel k oac Bdrkdvi)nrgi MWl @ _ Réiwagnd " for wal kir
trips and frifpw | &emedyy cibmatni ci pal tri pg BwiCthh var.i
being éequal to

Within this yltered daotassguingd tdlee $i3 énlant etgoof t r i p
t he smaumel ci,papriawi di ng t hien zporaoaplo.rt Tlo@ms dsul t i n
percentages fare epcbseontieganidri ofalwlag ki ng and b
respectively.

Percentage of intramunicpal walking
trips (%) (autoconcentration)

Baix Llobregat 98.09
Barcelonés 98.50
Maresme 98.16
Valles Occidental

97.98

Tab4y:BPer cent agmumifcwaahlki ag tri ps ( %)

Ly
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Percentage of intramunicpal bike
trips (%) (autoconcentration)
Baix Llobregat 68.49
Barcelones 91.52
Maresme 70.76
Vallés Occidental
85.7
TabWw:Percent ageuof bpilitern ps ( %)
Af ter identifying that mo s t of the walking an

remai nimgnii ctigormbstrbesredi stri buted across RTD
foll owsspatsieal oddj acedey tbhkesassumption that w
trips can onlgewographibealwleyenconti guous zones

To i mplementadhacemnawagnadarme «tQCd,.S tUUlsé nggeopr oces s
todloin attributwist biynhhleorospgdton was applied to
shapeyle, producing a table of all pairs of ad|]
in Excel to obtain a binary adjacency matri x,
indicates no adjacencwas Thassedeaersul mpedarnder i x
di stribution of walking and cycling trips, ens
adj acent zones.

ooy
s
e
iz
e
e
e

Figltre Adjacence matrix in RTD |l evel
.1 .h Directional inconsistency between model ¢
One of the key methodol ogical chall enges that
fundament al mi smat c hCHbTestinve etnh & hset rl wbgti WD fof t he
matrdaeea. The main idea behind the index is to
househol ds f ace basoerdi goinn Whieirzeo atehiegyi 1 iovest i ncl

housing costs and transport expensesthé&herefo
| ocatwihenmse people reside. This i s eaasnys pfoorrt hous

1 h
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cosftwestip origins and not destinations need to

straightforward.

I ndeedhe mobility dAaNMBR Bwat h@briastrririddoe steldle t
the prodthese matrices are aggregated across t hi
bet ween trip directtiawask a4 deoomek d obre thranmpe mot i v

Al trips are treated equally whether someone

jugoding out for grocerjes¢c.restaurants, hospite
This | ack ofndesaifbrcieatasca, considefQ someon
and wor ksQ i nTHeinre n&fniisg ctomirgctly registered v
zone as the origin. But (WMesraturnbi@redd vieo zbae
can not know fromitshe tdantoats eat ttrhigpt ftrhoilnd tdi s pe
| ot of peodwt wba kndtn Witwled themeerreZoh® seem t
residents are takbpmg hblemey r ¢ sulpts i s t hat zone
concentrations of jobs, l i ke the city of Bar c

transport costs that shoul d bien acrsdegpnecddoht o ot h e

erad s | bur den.

QO
—

The methodology that suitiss belttenri ndp rtsdoodt viteornit i |
using the EMEF sproeyddata, mohieclhhoanualhar tirmfoor
purpose (Trip from holnhei soraltlroiwss fboarc ka hnoommee) .ac c

of costs to the actual residenti al base.

i3 . h Methodol ogy used
This methodolbagy dihm@®dl vreas r i x t hatorp+hiamardi | v r €

tripensuring that the travel burden is correc

residence.
To solve this inconsi stiencyMat hiexfbotlt mwi sguEqd:z

00

¢

Wher e:

T Y'YOOYrY¥Opects the matrix size.
T 00O R representw ODbe matrix obtained from

accounting the origins as resident areas, i
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T 60 § corresponds t o t he publ i c transp

transportation OD matriicksi ooRpDtkedveh. sect

1 w A corresponds to the percentage of t
form in RTD | evel
1 w R corresponds to the percentage of t|
form in RTD | evel

Note that the transpoyWes oppagrudtrerd ibre cBquwaet itdre ib
are orientedr enditchentthiealnoznone as the origin and
destination. To ensure that al/l costs are attr
these pows must beansposenbpdrafThenOr@assi gns |
(0Y® aligning them-wiitdgpimhleogiesidenthal CHTAI fr

Mor eover, this procedure was applied only to p
wal king and cycling trizpsadr.e | v drhwhseel miarsgelsy, it
introduced by trip direction is negligible and

i1 . h Obtention of trip direction share
First, trips back homestame tdeit@s mioesioh&MEF da:

used by usi ngP&Bd&,iswlite¢ wdatewasii sg atrhi ea bA RV Yyl
which includes ftamidp chatsisv §teigorfirhiem b a gk olupme fr
wor kTrihp back home-GonommutlienigP@énrea,onialr tri p) . The

ylters wild/ be applied separately.

T Triprssmfhom@dome as )oyigeniwnagr itehbeA eRMVpiy

outputs | and r, tsbh® result asdaseigesponds

to a hrxhr CEMBFatlreivxel (hy districts and © c
T Trips backhdmeneas desyli nat iveag) tatbd & byl

outputs h and h. THRO regult andasoirgespoads

to a ODbmatrr i X

Both matrices were normalized by ptehrec etnattaagle nou m
tripshdmamd pgeérecent age of ,trr @sulkbtaernkg diromment age
matrices shown Tam/Vfechre hfconhd @asnsh n gy origin

andabl €éof yhome aswdestpi nati.on
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Ciutat Vella Eixample Sants-Montjuic Les Corts | Sarria-Sant Gervasil Gracia Horta Nou Barris Sant Andreu Sant Marti Baix Llobregat Barcelonés Maresme Vallés Occidental

Ciutat Vella 0.60 0.70 0.61 0.87 0.54 0.38 0.21 011 0.52 0.56 0.35 0.32 033
Eixample 0.55 0.63 0.46 055 0.65 0.50 0.30 0.25 0.34 0.40 0.34 0.25 0.23 0.30
Sants-Montjuic 0.67 0.79 0.56 0.65 0.65 0.61 0.27 0.15 0.40 0.63 0.38 0.43 013 033
Les Corts 0.59 0.65 051 0.60 0.54 0.49 0.40 0.00 0.45 0.49 0.40 0.20 0.00 042
Sarria-Sant Gervasi 071 0.63 0.58 0.64 0.60 051 0.33 0.30 0.65 0.49 0.48 0.31 0.29 0.36
Gracia 0.89 0.71 0.58 0.78 0.58 0.60 0.34 0.18 0.61 0.61 0.56 0.35 0.55 0.54
Horta 0.78 0.87 0.68 0.90 0.90 0.83 0.56 0.57 0.64 0.78 0.39 0.55 0.15 0.44
Nou Barris 0.83 0.83 0.88 1.00 1.00 0.84 0.50 0.58 0.61 0.87 0.92 0.61 0.45 071
Sant Andreu 053 0.72 0.79 0.88 0.59 073 0.51 0.50 0.55 058 0.62 0.56 0.61 0.39
Sant Marti 0.66 0.73 0.61 0.84 0.63 0.73 031 017 0.47 0.58 0.44 0.39 023 0.34
Baix Llobregat 0.62 0.77 0.75 074 0.79 074 0.67 0.21 0.46 0.67 057 0.54 0.26 0.63
Barcelones 0.64 0.69 0.57 0.67 0.63 0.60 0.49 0.49 0.54 0.58 0.49 0.52 0.35 043
Maresme 0.91 0.86 0.86 100 0.84 0.84 0.80 0.45 0.59 0.89 0.87 0.53 0.55 0.86
Valles Occidental 0.75 0.88 0.75 0.89 0.75 0.59 0.74 0.38 0.78 0.69 0.57 0.43 0.40 0.57

Tabl:e OD ratio of trip from home in EMEF | eve

me [ Vallés Occidental

Ciutat Vella Enample I Les Cotts | Sarria- rvasi Gracia H Nou Bartis Sant Andreu Sant Marti Baix Llobregat Barcelonés [
Ciutat vella 1 14 [
Eixample 4

‘Sants-Montjuic
Les Corts

NMEAEINEE

Gracia
Horta. 14

Nou Baris
Sant Andreu 7
ant Marti
Baix Liobregal
arcelonés

65
45

/allés Occidenta] 2 25

Tablhw OD ratio of trip back home in EMEF | eve
Since these percentages are only available at
to RhR l.ewelr the districts of Barcelona, the as
RTD wunit was mapped to its comaRTB_Qa&deg a coc
EMEF_ Co.deThi s process wMat liampt echeat rgritghe yna
motivanht onoe&®TD | evel

W B o w

¢

1.1 1L 0D matrix computation and results
Finally, wywampwsatiimpd ainted wusing public transport

obtained i n TSheectrieosnul't.sh .ihndi cate a signiycant ¢
particularly for trips originating ftr®@mTmD RTD zon

zones within the city and vice versa

| O for public taman spparvtaasheo ovee hainc liencr eas e
trips toward Barcel ona, repecting t he cityos
concentration of employment and services. Conv
and traveling to the rest of thexAMBtdmygr ease
public transp%®%irn aprvievhatadié eisie results highlight
of travel pows that emphasizes movement toward
depar tmnifgts §r gecnoirnrgect ly the real burden to the r

Graphical representations are observed in Figur
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Figlre Mobility trends from Barcel ona twehriecslte olfe fAdwBe aarndd
after directional inconsistency methodol ogy ap
1,1 Modal share estimati on
Once all OD matrices by mode (public transport
were obtained using the methodology described
RTD zoning system was estimated. Thishcalcul ati
, B "Yi
i o
h B B "Yr P
Wher e
T ipis referred to the modalQ share (%) of mod
1T daaccotimrsthe (priipvatoelevehicle, public trans
1T Orepresents the total number of transportat
this case is T
M daccount the number of zones in the RTD | eve
T Ypconsiders the number of anthlssbieﬂf@EieonOD
made by mode m.

Equathbhedefore

rel at

i vei pe

alt l

gi

nat i

expresses

ng

t hdeo rsihgairnea t a fiQgt ri inp sz ot

in that same zone.
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Because wal king and cycling trips are derived
by popul ation weight at the municipal l evel ,
underestiomatoomnect this, the modal shares obt ai

compared with those derived directly from the
di stlreivcetl results remain unchanged). These EMEF

trips byhinmodeaovi tofidtetse iratdroingipmi r s.

Even though this discordance of values occurs

wi | | be corrected, as wal king is the mode chosc¢

Al t hough di 2erences were detected for both wal
were <corrected, asmowsdtlr Kiprsg i me palels(eemticsli wcd iprag i t
Barcel ona. ditsé¢ rcetsgcted wal king share was com
mat rdiex i ved value and the corresponding EMEF
Equatf:on |

LA c c¢
Wher e:
T ip i s the modal shHkBgrueatohbotnai ned fr om
T if 5 accosimr the share of walking resul ti
the comatocma éaokel|l RTD zone and its associat e
T if 5 is the obtained modal share after ave

anBTDval ki ng share.

in h obtained fdotm EdMEaFe yavail abhl e i n Tabl e
iq b
Baix Llobregat 53.87
Barcelonés 57.67
Maresme 49.63
Vallés Occidental 45.82

Tabfi" Walking shares for each comarca.

The walking OD matrix was then rescaled wusing

Equati:on |

00 AR —— 00 j o0

Wher e:

T 00 is the wal king ICDodniaairnedaitin RIF®Octi on
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T 00O AR accounts for the corretct & dDwal ki
l evel

When the walk share is updated, the remaining percentage is redistributed among the

other modes in proportion to their original shares. This ensures that the total stays at

100% while preserving the relative balance between the nonwalk modes.

The resul ti ngr egoae aéinns ddarielsea nBe k'

i, i Distance and travel ti me matrices obtention
In any transportatmenhacdsltogeysits mas semt i al to d
di stances and or travel ti mesxpeotwepotthbbboahdl
be a matri x representing the distances or tr
desti pat Q@ t hin theOs¢tadiyh@aseaval ues are compu
possible to estimate the average distance and
each origin zone.

The objective of this section is to describe
di stance and travel time mat QGktaemsEyftonront.he AMB s
I .1 hCentradiedser minati on

Before computing distances, it is necessary to
serve as the origin and destination inputs for
made using the geometric oQGitSeHswaverectfpgpr cbm
municipalities this approach produced incohere
unrealistically | arge distances.
To overcome this I|-wemi ghtedngcepbopadlddessicganevi ded
used for the municipalities. For the districts
Given the high and relatively homogeneous popl
centroids were considered appropri ateSanaist h t w
Mont jupc. I n these cases, the centroids were m
the actual popul ation center.
The ynal output wa€emt rschiadhst ¢he coamad ns t he re
point of each RTD wunit and is used as the basis
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Each centroid is associated with its correspon

poi nGIli,®forming the OD pairs required for matr.|

The geometric centroi d€ewergee aprmpad ses) GugSi tnayo It hie
applied to the shapeyle of the study area. The
is displayed in Figure hu,

Legend
0 2,5 @ Centroids
[ ] AMB

Figltme Centroids for each RTD division within tl

S0 . Tr avel times and travel di stances with QGI S
Foretphri vate vehicle, wal k and bi ke di stance an

be used, for public transiptomipdti ican edWR D hamde eme
QGlIdue twl &€ heei ght and t hdhat oiceswhyompt amntlyib
used i hetepdbplic tarsanstpomitlidt iboen,|l ater detail ed.

For the mentioned di sphogestabd t Q@6 &IwWhdtktrhea a
i ®penRout eSerwhiceap@@dss)f,ul tool that provides A
geospatial analysisroptang cu laarcley tfiane®O&&d caid at |
iyht QRS can comipiumalu teensddi st ance fmartrdc@serent

transportation dmoidewalgkiiamg ywdl Thhgigs htasolal ready

i ncorporated the road networ ks, p.e dletsnpsiit @n pat
the shortest path or qui ckest rout e ybetsween t
sel ected, rceemnbsrildde rrionagd data, tra%c, and routing

sel ect edomoawears,sdt@e routing parameters such as
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The input edat @acoetahdet sorfioggi n and dvéhs tcibn atthheon pc
centroids s hapoebytlaei npgrdesv isoaursel ys hapeyl e must be ¢
and desti natti ool Ol ss etlheectout put zone origin an
Previously the mo@dki knest watleklTheel eduttigpaitomfgi)s a t ab
col umns, the code of origin the code of desti n;
mode, and the time between both pairs per mode.
1.1 . Travel wiitnesPyt hon

As it has already been presented, public tran
comput eQIsS mppat is why pyAboordesngsed 1 het madh
there is no need to estimate distances betweer
computed.

To do so, it i s essemntcicolunt Gegverf &Ir wit &n sGTtF SF
Speciycat i omt.anGdlarSd iazr eedw hdi gothao vfi addrersata structur e
transit agencies to describe the details of 1
f aréeAsl,l owi ng public transit agencies to publis
available to be uploaded a(np evwoirykeat iwd 1t hGaeanaemrya Is

Fe

Th
co
t h
al

SC

ed1_huh.l)

elat a stohuartcehas been used TiMobi t@GTRS,s twhdiyc hi s
nsiders all the public transpor tMotbhiidn traddéd o i
e all Chtalomiasodmdvnl oaded dUhisgt ypeaeoh ygt e
so be visualized i,asGIi S Bs shkhqwm nadn dFoetea pes t |

hedul e tabl es, transfers and other service ir

— shapes

trips

transfers

@ stops

routes

._@ transfer

[ time management

< (<] ] < W @R <

|§| stop_times

|§| frequencies

= calendar_dates
| calendar

T Y ._@ service info
5 feed info

[5| fare_rules

[5| fare_attributes

= agency

FigtmeMobilitat GTFS in AMB extension.
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As it i s sheyesMoibn |Fitqaur e TFS provides comprehens
public transportation system in the AMB, i ncl u«
travel timesshbhetwaen zones

T Routiesl nformation on diReueaes, palbthss,cderangpoc
metro, ttramn, é

T TripsSpeciyc tri@puste,tihnaol edicihg departure an
StopsLocations of alll public transport stop:

Cal endabays of operation for each trip.

Once this informafTheneialdbwaméepgedhon that mus

i nst.,alnlde dvhiecshs eanrteée al t o carry on the travel tin
T Pandass: a power ful l i brary used for data man
you to easily read, clean, and manipul ate t|
such as stops.txt, trips.txt,

T Rpy:t Pyshon I ibrary for rapid realistic ro

net wamkd wdhilrkg bi ke, publ (&' P¥ans8pbrj), and c
T Dat et ianse : G involSes schedules such as times for trips, arrivals, and
departures. The datetime library in Python is essential for handling time and

date operations, such as converting timestamps or calculating trip durations.
The steps nf oplyltohweendes ¢ hmieptones bel ow:

h . The yrss spepuild thecomandeoirngneheo®penSt
(OSMepxtradthef caMiBl t he GTFS nypluél nast hains pr oce
Transport Networ k() merges thehetdueetd tapearsi
froGifFS into a routable network.

h . The secoeamalsREBBp zones and centroids |l oadin
shapéplrematoasddering | D y.diha @t RUtD_CODEI ne
origins and destinawitoims c &lew D@ ¢ a i edasnaensd
points.

i .The following <stpaptauacmeprdeynednidimiasngycept o?s
trandgfherse t o R+ . For transit, wiRAadoswa mpr s 0
returns the median travel time by default.

r.Theourth step is debecatadsporsemedejngn th

transpomte wmerraude only transit modes on the
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. The | asdmputeep,amncd saAveaevenlaTirmedstathla(.l. . )
matri x fiemr matn.,g Each frroomv itids iad pvaitrhmea r anel

mi nuffTéese. resul tant matrix i s downloaded in

i .1 1780l ving the problem of intrazonal travel ti
Neverthel ess, t he matirn dceepse ntahéanttt Ihaer es boifbttinaa ende d

(QGI' S or aRPyt mon) ,r eadnyeryecacosmmeput as between centr
are pandhse,values obtained in the main diagonal
are theéerdgmen is equ& Ot b ey @s teiqruaatli otno zer o. Th
cor

-

esponidnttroaztomegland ni ppsome of the modes repr
per

o

entage of time stoomtealsttudiips, those values ar
res
t h

c

lts could su2er from being unrealistic, suct

D

time i mpedance maotmnadf the trips are intra

Ov

average intrazonal trip distance. Most of them

D
—

t he past sever al decades, vari ous model s

a tra€c zone (which in this case is a smaller ¢

One of the yrst model s was (pobval altiesl "®gr ISyne e
approach was based erhatplead asnalewesi snedfwogrkisd i nd
i ntr azweradrgiep diOsdteapnecneds j ust on tohe camed defr itnhge
the foll owiEQgaeimphnri cal

O MypMd Ot

Il hyes1 Babppsed a model based on the premise of
zone with a uniformly distridiumpldihjpogall tuil @an.i o7
accortdo ntghe Eguadtdoiwdmg!| va:;, Hyhh)

) 0
(@] — ouv
C
I n hywworbasesli mil ar geometric concept, Fot her i
assuming an approximately circular area. This |

a cal ichoreftcadke ngehoivlkqu atiit 6 81 | va:, hH yhh)

O M1 @ - o)

(@}
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Fi naWillysaon hpryoposed another formulation that,

the direct inpuenceacafo Bghe gzdme'lsvaar etayh )
(o) Y MT
- Mo o
0 X
Al l t hose pmopwlsed similar equations t o estim
di stances, whi ch coul d be used i n t his study.
bet ween transportation modes and the i mpedanc:é

which tends thanbefacdererimi the distance.

Al t hough there exist some approximations based
of stops, popul ation density, n u meheftbDhglfi cle,nks,
hyht her-equared obtained andbuobtthewdo2eopuagh di
bet ween(iwedesn, " yhvy)

I n this case, intrazonal distances and travel t
results. It should be noted, however, that this
| evel and, for Barcel omtagai mtt hédee dissulitcs, ltevel
trips occurring within the same municipality

i mpl emented by yltering Viyhe _@atyasevhi wht h deat i

i ntmuai ci pal trips.

The yltered responses were then analyzed to ca
per comarca. This was p¥yf,Brwhe & hugiercg rtdlse rwearoir d
ti me, within a crosstab of origin and destinat

assigned as the representative valnud hfeorc asactof

BarcelThrea).esul ting average intrazonf@l travel t
Mean intrazonal travel times by mode (min utes )
M nes | it | P wa | ok
Ciutat Vella 23 5 11 9
Eixample 18 14 11 14
Sants-Montjuic 20 12 11 12
Les Corts 15 11 10 7
Sarria-Sant Gervasi 19 11 11

Gracia 18 10 10 11
Horta 21 10 13 12
Nou Barris 16 10 12 11
Sant Andreu 18 12 12 13
Sant Marti 22 13 12 12
Baix Llobregat 16 9 13 12
Barcelones 27 17 14 16
Maresme 24 9 12 10
Valles Occidental 24 10 13 10

Tabhfel ntrazonal travel times in EMEF | evel and &
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For t he OD travel time matrices at the RTD res
assigned t hneunmecainpalnttrraavel time of its corresp
di stricts of Balrased dnniant nmahzo reaMEFt i mes wer e dir e

To estimate average intrazonal di stances, t he
average speed of each mode. Walking speed was s
km/ h, following the parameters appliededn QGI S.
of ho | wu km/ h was adopted, based on the medi
(Montera, hMyhy)

The resultspoéstaienh eldaamimeky( AnnmBe.xt f omntviethes and
di stances respectively.

i .1 Average travel times and distances associ at e
Thi s sectitdhre outolciersess u s eadv etroa gcea | tcreud ebst ker & pheee s

travel fliost @amacéds or i ghat rzaonnsep oarcirhdnmsd etses @ nit $ a |
for the tranepodil matsi @m scastbed in SectTlhae r of t
calcul ati on can only be perfor med once t he
corresponding distances and travel times, have
Thenimnmipat:s

T OD trip matrices for al |l transportation m

computed in section + .1 .h and + .1 .h°H,

T OD travel times matrices for all transport at

T OD travel di stance matrices for private veh
The average travel tGme& rMoovwaese accahl courliagtiend zaosn et h e
average travel time across all de §<& @neartvieosns, w
as the weight, fwoll owing Equation

. B Y YQaQ
OFI B "Y o o l'IJ

h

Wher e:

T &€ &&d cosuniittie number ROTfD 4 @nred i n

T Yoconsiders thes nmand e r bapbfentovel@Bpn pai r Qor i gi n
destiMation

T YQdQconsiders thebyt rnadvddelet wOde spai r Qor i gi n
desti Kaholms
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The same weighted average procedure was applie
Equatd:on

Wh e lO&izoc onsi ckerds sttfp neebbet weBPnpai ralersitgiati on
i n .km

This approach ensures that frequently traveled

i npuence on the resulting averages, thereby pr
the travel time and distance burden Bh e&ch zor
table containing the study zone <code and its

di stance.
Ot her parameters

I n addition to travel times and distances, it i

of trips per person per monL’SthTfor.Thaias:hwsz)ne,

obtained usimg Equation

7 B Y
#..U,(«&COEOI Owwit m
veENOawo Qe €

Wher e:

1T ge¢c@Qécount the nuRBBOrleffekofes)in

f Yis the total number @f trips between OD pa
T 0éRn0aG® Mheesi pemal afi ddne

1 0Owé ol OHbeé@re consi dereaysqual to

Theesults for each RTD zone, which were further
are avarTahbéAnnBaxw

i .1 .1 Other cost parameters estimati on

Finally, it i s necessary t o deter mi ne t he i
transportation cost estimati on. These depend ¢
obtained either directly from processing the E
RTD sysdiemectilny deri vepgarament eerMsBEEF osrubcol | ect ed

data sources. Other transportation mode dependc¢
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T Private eshielaei on includes ownership costs
taxes, and periodic maintenance) and wvariahb
costs per type and distance, and average pa

T Public transeotrimatioonn requires the tari2s

and the percentage of users applying each t
T Wal ki nqqiddi tpamarmet eeguiar ed.
T Bikestimation includes average maintenance |

i Private vehicle

As indicated in the methodology, the yrst step
of private vehicl@pty.peBhiisn eesatcihmazdmen was bas

survey MWeehsiuclltescinfipes deyned as combinations of

power type, asi.shown in Tabl e h
Diesel | EV Gasoline GLP GNC | Hybrid

Car

Motorbike
Small Motorbike (49 cc)

Truck

Van

Tabfiie Vehicle type based on power type and vehic

For darmalsysi s, trucks and vans were excluded. T
results for these categories, awnrdeltahteeyd abrues itnyepsi
trips rather than daily personal mobility.
Compared with the gener al met hodol ogy, the ap
resolution: it is not possible to distinguish
cars) . Il nstead, the survey data <classify priv
motor bi kes, and small mot or bi kes.

The percentagéeépofveeathpeebombénati &P SBalshec o mpu't
analysis was PESAgaXde g | wierled for private vehicl
Vyi G_RM |, which identiyes private vehicle mode.
were obtained with Crosstafcomaa@@®di_Perainndg tr iy
di stvryictBhand introducing gl Wagleircsl € hpo werr itayd e
MI TIA_PRIMVA@hihcl e category: matrqor moke)y bi ke, or

Because-sscnadlel gresut t, may |l pvetduce unrealistic val

was performed at the comarca | evel. Al l di stri
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single unit r eiptr yGoennst e gnuge mitelHsey ,wer e 0'bAMB ned: tt
ficomanaad Barcelona <city. The results at t his
extrapol ated tROIDt ronaessdeisaréeded | ater in this
Theet ai |l ed r estuylptes sohfarveeshifcolre each EMEF di visio

rhfand ('‘AmMnex B. w).
Aut o ownership costs

For this  ,stihkey umddeary costs associated with ve

periodic maintenance, as maintenance expenses
vehicle use. This deci siroenl iwaabsl et adkaetna dfucer tyox etdh e
costs.

I nsueb-.@(ghn t axattﬁgdﬂ.&osni derasdl VT,M and depreciati

Tdong§0Smesr e therefore the three components of o0\
of these sources provide data with a yner resol
uni tary costs were di2erentiated only by vehic
mot oebi kbut not by power type. The. resulting c

Insurance IVTM Total

(u/yeg(ual/ylCaly

Car y 4 B h yh yid

Motorbike i h o _hlj wh
Motorbike

small IR oo hios oy,

Tabire Auto owonébshepch, vwmiifadlAWBf or

|l nsurance costs for Keerld swer, eSb@lstealis noend tfhreo ma v €
premium in Spain for hoyh o+, Mot orbi kdainsuran
Vanguar dliVwaTM values were extracted from Barcel
depend on vehicle horsepower, but since such di

for each vehicle category was applied.
For the deptdiEeiqaatdforncciet met hodol ogy is wused.

The aver agkeQq dbdiEeys pvacnhi cl e category was derived
mean age of circulating vehicles, aggregated ¢
BarceTb@aEMEF variable cont¥yni.ipeshi sal oker mat
then extrapolated to the RTD | evel, with muni c
comarca and districts  rgesaldppadi mndearo RBlarsdelncria o

type was made. Just vehicle category.
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I nitial ptusoe MavEdewead ® obt ained from online sour

came toomes.cemresenting the average price of

Mot orbi ke costscwehefsamatwme fsaome year. For smal
cc), no oS&cial source was available; an approx
ynal estimates are presented in Table h

Vehicle PurchaseCost

Car i why g
Motorbike L,wi hooq
Motorbike small h, 2 yy u
Tablhte I nitpeflr oebsisle category.
Resi dual val ues wer e computed using oCci al d
Haci endahown i n. Cbaxbd re thhhapser cent ages h-ar e equ

bé QAN QI QEI@IDGNE Es o it ilstiidpidiQé @DEJianmuE g wavt.i o n

vear Ffe_rc_:entage from
initial cost (%)
0 100%
1 84%
2 67%
3 56%
4 47%
5 39%
6 34%
7 28%
8 24%
9 19%
10 17%
11 13%
12 10%

Tabhwe Depreciation criteria per year since purchas

Aut o ownern shiimmac o gted ii n( ATnanbelxe B. W)

Vari able costs associated to car use

Fuel costsippewerva@ yjpelwasbt ained from oCci al S 0
car s, data for all power typeGollixererpd de bES pay
while hybrid coft eEmhwePrachoorbo abinkeds and small mo

costs were derived by combining average consumj

fuel prices from various o¢cial sdurces. The r ¢
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Fuel price
(0/ km)
Car Diesel 0.0689
Car EV 0.0248
Car Gasoline 0.0917
Car GLP 0.0797
Car GNC 0.0473
Car Hybrid 0.065
Motorbike EV 0.02674
Motorbike Gasoline 0.065516
Motorbike
small EV 0.01337
Motorbike
small Gasoline 0.04467

Tabhw Fuel price (U/km) per vehicle type

Car mai ntesaaceer Oki fomedree esti maEA®atfar.om

Given the | ower repair costs for smal |l er vehi
mot orbi kest hamd st woor smal | motorbi kes. No di st
possible due to data availabilitwyw., The adopted

Mai nt enance (¢

Car Yy, 1
Motorbike 0,3
Motorbike small 0,2

Tabiiw Maintenance cost (%dkmE&pPper vehicle type.
Par kd mgb &1 Q/Q¢ Were estimated indirectly by combi

with wunitary costtyspofloorg ye aicnh tphaer kmentgr opol i tan ar

SPSwWas used to dismputhaitt e of parking types by
mot orbike) and by trip direction (from home or
AMB. The yltering lpdokckedwr pgVuyeMAiRddb cdsatssi fy tr
direction (f and i = fMObMIAORR|tVATech dacikf mowmel i
category i(h==moaoy CONMe D" eaibmg afmavcas trip origi
This analysis prparidiedg tthyeeadhaunsad fioor bot h tri
directions (from home or back home) and by vehi

shown in Table hw:
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On the street: paying | On the street: unpaid or Paid interchange Free interchange ’:Sae‘?\’z:n:‘"(ghe r:sr:(revzzr;n?\e :mé:::r"sgh:; (bza::ep:mrr‘%r Doesn't park,
(blue zone, green, free (indicated space, | parking (train or bus |parking (train or bus o
other colour) pavement, etc.) station) station) street/undergrou [street/underground rent or minute) off the J P:
nd road for a moment
Baix Llobregat 2% 33% 0% 0% 0% 0% 64% 0% 0%
e 4% 2% 0% 0% 0% 1% 67% 1% 0%
Car back home
Maresme 2% 38% 0% 0% 0% 4% 55% 0% 1%
Valles Occidental 1% 37% 0% 0% 0% 0% 60% 0% 0%
Baix Llobregat 4% 40% 0% 1% 2% 35% 4% 3% 11%
O D e Barcelonés 6% 29% 0% 1% 5% 36% 6% 6% 11%
Maresme 4% 41% 0% 1% 3% 33% 2% 4% 12%
Valles Occidental 3% 42% 0% 1% 2% 34% 4% 5% 9%
Baix Llobregat 0% 43% 0% 0% 0% 4% 53% 0% 0%
back Barcelonés 0% 43% 0% 0% 0% 1% 55% 1% 0%
home Maresme 0% 43% 0% 0% 0% 0% 57% 0% 0%
Valles Occidental 0% 27% 0% 0% 0% 2% 71% 0% 0%
Baix Llobregat 0% 73% 0% 0% 0% 22% 0% 0% 4%
Motorbike from Barcelonés 0% 83% 0% 0% 0% 13% 1% 0% 3%
home Maresme 0% 52% 0% 3% 0% 44% 0% 1% 0%
Valles Occidental 0% 67% 0% 2% 0% 21% 4% 0% 6%

Tabhhy Type of parking percentage per trip directio

From Table®ome patterns can be identiyed regarc
starting from home do not invol ve paid parkinc
explain the choice of private vehicle for these
are rhoreguently associated with either parking
owner ship.

The percent agelsmbdvpweri medhen mul tiplied by the
parking whpohogsgs assumed to be constant acros
hyaddi ngeapcelone varmdt o/lpmeeohtt r dipr ecti ons

On the street: Paid parking

On the street: i Paid interchange Free interchange A Free parking reserved at Parking in Paid parking (by the
paying (blue zone, P parking (train or parking (train or the street/underground | ownership, rent or | hour or minute) off .
reen, other colour) [ (N30 SPace, | ' qpaion) bus station) | Seeunderaround destination concession the road P TR
g ’ etc) destination stops for a moment
[ Car TLuy G W.ouu U uy o Wy @ L0 uy W uu Y u. uu 4 hh oy W.ouy
[ W uy G W.ouy YRRV Wouy @ W uy G W uy To.uu (g i yu a W.ouy

Tabilw Unit costs per parking typology in the |

For semeet paid parking, it was assumed that al
estimated cost of 0h per week, equivalent to 0r
was obt aiFrped cfarseam h an average value of approxior
for motorbikes this value was reduced by half
for paid parking reserved at the destination, t
of hh hdays wkrch amounts to approxg nBa&MIly G4
dat a.

The gener al met hodol ogy wasl nadapRserdk atsog tchoes ta vaari
not compw/tterdiupp,st o data avail wbrckointpyu.t eldn sdti eraedc,t |
as monthilSp,cogkeyl d be taken ootdi ofibdfereu mluenrmat ot

of tripg0 a "mont hConsi der ihmmg Equation

Due to data |Iimitations, marcalltevalr earcd mpatterd e
to the municipalities and di Staoamaitcda i &THDVveérage )

mont hly parking costs obiacmmadcavel eshewn in Tal
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Parking cos|
Baix Llobregat 67.06
Barcelones 78.05
Car

Maresme 59.09

Valles Occidental 65.56

Baix Llobregat 23.95

Motorbike Barcelones 25.50

Maresme 26.00

Valles Occidental 33.65

Baix Llobregat 23.95

Motorbike small Barcelones 25.50

Maresme 26.00

Valles Occidental 33.65
TabAlh Average parking cost a mocnatthe gpoerry .icomar cao an

i iPublic transportation costs

As previously discussed, the AMB applies a uniy
entire metropolitan area without di stinguishir
metr o, or tram. Cpunsppserst loyff, tfhoirs tshteudy it i s

determine the percentage of users (bpg each far e

according to Equati on,whetfesown dihmpea brteit yh otdrod mgpyor

i gener al

Wik was obtained at t he EMEF resolution and
considering RTDi bevewportant to note that these
sectitone oEMEF survey and are inetstliinmkéednt paspes
only to the comarca of residence of the responc
resolution is at the comarca | evel

The analysis was carried out inSPSS First, weights were applied to each response using
the variable PESAIX. Then, the dataset was filtered using variablevV08_8, which records
the frequency of public transport use. Only respondents who reported using public
transport several times a week (V08_8 = 6) were retained. This step excluded occasional
users, who primarily rely on more expensive single tickets such ashbitllet senzill or T-

Casual tickets, which would otherwise distort the distribution of regular far e use.

Once the data were filtered, a crosstab was constructed withCOMARCA_2 (comarca of
residence) as the rows andV20 (fare type used) as the columns. The resulting table
provided the percentage distribution of fare ty

shown in Table 22, were then applied to its corresponding RTD zones.
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Baix Llobregat Barcelonés Maresme Vallés Occidental
T-casual 18.41% 12.85% 11.91% 9.75%
T-usual 35.89% 48.07% 14.67% 32.50%
T-ove; Subscriptions for 26.15% 18.32% 28.89% 29.15%
large/single-parent families
T-rosa, T-4, subscriptions
for pensioners or people 7.79% 14.78% 2.84% 2.57%
with disabilities
T-verda 0.72% 0.64% 1.27% 1.10%
RENFE-specific tickets 7.15% 1.69% 35.87% 11.67%
(free)
Other operators' own fares 0.33% 0.40% 2.60% 8.74%
T-familiar 0.50% 0.69% 1.41% 0.83%
T-16 2.14% 1.76% 0.55% 2.34%
Bitllet senzill 0.00% 0.25% 0.00% 0.52%
T-usual unemployed 0.51% 0.14% 0.00% 0.00%
Does not pay: you have a
card as a worker or former 0.41% 0.42% 0.00% 0.82%
employee of the company

Tabife Percentage distribution of fare type for e

The data show a cl dasumdeflergnpassorwhiheh emer

primary public transport fare across the analyz
used optil-popyvea -nhhemelk pass available at a reduce
iy years old. An exception is observed in Mare

the predomi nancRENHE i npseomwotrtke which is curre

Accor di-Mgbitloi fTat, t he doyg g esapcen dirresg efndreeds i n Tal
As al | trips analyzed take place within the AM
fare sNodeednence oM origin

T-jove; Abonaments per | T-rosa, T-4, abonaments per
T-casual T-usual familia pensionistes o persones amb|  T-verda

Titols propis
altres T-familiar T16 Bitllet senzill | T-usual aturats
operadores

Fare (G/tijcke25 22 44 45 0 0 30 11.05 0 2.65 55

Titols propis
Renfe (gratuits)

Tabflie Public transport Qvamr evwsi tihn dRaviBeb i fBrocuna t ¢ : h yh !

For otherfapesatoReMebht| ftaéwm TWata is not avail
been considered a fare of 1 yu/ mont h.

i iBi)k e

For Dbiskeaes ciotsthas alreadWwadereqni dnemeéd otnleal ,depr eci
foll owing the sbtme equati binniuthieadl caset tfther a bi
G4 accorAdMBnEg (tAossoci aci on de Mar,c asw@dysa sBsiucneedt as e

al idpaonf hy years and the same depreciation per

accor dialgl & oh ¢

Due to the datepaeai babba, cobe RTEothdeg istamead or

not possible to determine the avemdgedgei ce of
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The depreciati mani BFithah!l y, i ti/has bwexncaotnsi de

(oIS ofhvyyleawhi ch represents hy G/ mont h.

i1, VeaTesti mation per study area zones

As established in the gener al met hodol ogy, ther
VoT. Approaches that rely on a yxed parameter

overl ook equity considerations acrossonzloynes. M
used in European studies are derived from UK d
vehicle trips, which | imits their applicabil it
For this r eashoans,edanvVoiTncnoremtehodol ogy was appliec

foll owi mgu sdeadt:a w

T Avermagittncome pepreRFOr gomeaif nadNE

T Average annual wor ki negs tchiomarttse pheoru rpse.r s on
Using Edqufartanont he gener al met hodol ogy, VoT valu
zone. The pamdmeeree sset to N and y.‘, respect

recommendat Vo Bbn oTffa btl hee

Commuting -
: Personal f
Business(|
1 0.5
Tabfilire Parameters alpha and beta, ascsoingmuitaigdgt ber pooalor t i o
trips
The schfarceommuting versus personal trips by trar

EMEF survey. This wasl evmp CtOMARELH (tOfcteo MEMER 0)
andyl BBarcelona districVyghA_ R&st rarpi gmont iwaartii aobnl)e s
row yl tVveyl,G 4rRthd ansportation mode) as the col umn
presented!iim HMBF el ével

Public transportation Private vehicle Active mobility
Commuting Personal Commuting Personal Commuting Personal
Baix Llobregat 55% 45% 42% 58% 9% 91%
Barcelonés 50% 50% 46% 54% 12% 88%
Ciutat Vella 47% 53% 42% 58% 21% 79%
Eixample 49% 51% 44% 56% 16% 84%
Gracia 49% 51% 48% 52% 13% 87%
Horta 40% 60% 48% 52% 6% 94%
Les Corts 59% 41% 42% 58% 12% 88%
Maresme 59% 41% 37% 63% 15% 85%
Nou Barris 47% 53% 51% 49% 10% 90%
Sant Andreu 49% 51% 44% 56% 10% 90%
Sant Marti 54% 46% 49% 51% 12% 88%
Sants-Montjuic 55% 45% 55% 45% 15% 85%
Sarria-Sant Gervasi 58% 42% 43% 57% 14% 86%
Valles Occidental 56% 44% 40% 60% 11% 89%
TabilweShare of commuting trips and personal trips, by
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The results reveal that active mobility trips are primarily motivated by personal reasons,
with commuting r éphr¥%sehhte nlgi gumedy ivnadbinceast ewd t h

greater accessibility to workplaces by wal king
vehicles, commuting and personal trips are mor €
higher in public transport, whileeempterisomnpat i ¢ at
vehicle wuse. These distributions directly inp
proportion of commuting t ¥o,ps camsaifahd ragt reds i ntc

parameters

The mogpleci yc shares obtained at the EMEF | evel
zoning system bicoamasiva@adisinengs eaoc hits correspondi
complete set of VoT reguletsenfaed| €dmaBand mode
Tabfteel ow provides a summary of the distributic

VoT Summary (0/ h)

Mean Median Max Min

VoT Public transportation 6.37 6.40 11.71 4.47
VoT Private vehicle 591 5.97 10.60 4.25
VoT Active mobility 4.57 4.56 8.45 3.35

Tabflte VoT AMB summary results per transportatior

As shown 4,n pluabbdliee ftransport hgsedhkr) higdhegesdt iamvg
its higher share of commuting trips. Private ve
(*h®%/ h), consistent with their slightly higher
exhibits theslowest a¥YoToMmMmuting represents onl:
trips by this mode.

Beyond modal di 2erences, spatiabndi dpaingi egsa
Table Ty (Ahmresx B.i®)lr encesecroenpoentitc tshter uxd wire o
area: weal thier zones exhibit hi gher VoT due t
opportunity cost s of ti me. Thi s heterogeneit)
considerati onsT whrenapprianigsaMo and pl anning, as
savings is not homogeneous across the territor)

I .WAverage cost congpounteantdi ono dee r
In this secdebomnhdwdevww édy bteransportaesonmadee co:
from the gener,adbameethotdol 06 aANMBaivtaa slea hd teu ddyat a

whidoensi depregi bhe steps that have already been
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iPrivaeekbicbet esti mati on

Recal | EqQqgatifn from t he menhbpdblwaryi abl es

0 r ©&Q, were computed.

Due toawaitlaadhi | i tay,e di 2erentiated only by veh
mot orbi ke, and small motorbike), withohe consic
available information does not provide su€ci er
Section + .11 .41,

The orHquanthillosms been modiyed to exclude certain
| oan pagyementtype of Vvghiand@ger(itddiecarmai ntenance (
+«hF .,Were not consideredi shaaai Ipabylmenandac¢ aul d
di stortions, while periodic madpnt emaprces svad a o S

mai ntenance cost peagakiinmtomdaen tiramvebhtedns.

Theemaining spar Emeawie 0@ retai Aegd:fy hiy

These values were already computed and present e

Fooy , those are commputEeqduhadd a oar dtihneg met hodol ogy

somear i atdassens on data availability

I n this methodologicakgadapt abiton,ncl aldledcoats r
information is availabl e, and the study area ¢
parameters have already bdern estei mdtaesd iiyre dS edoyt i
vehicle category amd powempenypenl whemeasehicle
previ ous| yd ceixQ@éa®dme dal so di 2erentiated solely b
di stinctiamdby tphwesr been explained they are col
must be divi ded by tthrd pmsumb

The results obtained'ralrleeneBxe)presented in Tabl e

i Publtircanspor¢casti omsti mati on

RecalflrioBaqu athihmihhe general, mpuhbidol bggnsportatio
deter mined

Par ameétfwhri ch in the general formulation refers
modes such as train, bus, metr o, and tram, do ¢

because the AMB operates under a uniyed integr:
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As previoustyipotedt st arkien ntolte cotnisdy eareeda of Ba
to insuScient resolution in the EMEF dat a.

The resultsavéitlaableei(Aamn&xgbl| e

i iBi)cycl e cost estimation

I n this <case, due to the absence ofshdeati aigl ed |
system, only the costs of private bicycles are
ar e estimated fofitlfomomg t lEqgu gteinem al met hodol o
corresponding adaptations made CECmonsddeoumtg fao

generalized maintenance cost thatQdoesagmatn dep
due to data availability. Thé&n maiamtlgnbaeace cost
eliminated fram whkélegqsati on

The results obtained and t HHebV&rAinalBelwes used ar
i Wal kicnogst esti mati on

Finally, walking costs are estaicmatrad ngs tion Etqlue t

he Considering only the average wal kiwong ,travel t

the corr esg¥mdaidng he mont hly numbef of Thips pe
i s exprEecgsetdiwpwfim t he met hodol ogy.

The resul tad dthteaivimed aav aisl dilslledd€iAm aBe X .

I,V Aver ageansportation cosRTPstomati on per
Once the cost for each mode has been computed,
tobtain the total average transipnorBagauawdinonc ost

the methodol ogy.

The monthly average transportatd onacespsepemnt @
i Tab'lvand TaPAlnem@&x)l n hi s ittablse al so shown the con

of every transport wbde mobHtpplti BAIDbyones modal

To incorporate transportaosmwmstcolse sex mrt @s stehde «
household I evel rather than per person. Thi s
househol d si ze in e b OES CpoiMnoev.i dPBattahi 5r ovnar i abl e

municipalities within the AMBfoThd havenredgeplodu

ared . . iwrgesidents per household, while the speciy
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s eint edDabAren 8x)y t ogwitthherAver age monthly trans,|

househol d

Combined HduansgoatAQtoir@rma b inldietxy
e the average transportation costs have bee

h o fRTtDh ez orni€lsid A | is i mpl dAmernttedvas presented,
rent data have already Radénr shmaeewroornki.zed i n t
st, for further analysi dsntdbe i{sTAbEmputadi o
ording toEgquweat if, oncloomwiimdger i ng mont hly transpo

ome per househol d.

"Y&‘)"O"Y T
0 p
n CHFAl i s oempgt EfU¥atoimorn he gener al met hodol

ultei aadéllagyvl lenan(dAnrBex).y Il n tthhes eaals®eosebeen

i mated excluding the VoT.
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1. ResahtisscussAnahysis®cofl and spati al di spe
The results present edaiss etshsime CHE @afp palm eqpa toevd dteo
the study AdMBs el hoef atimnesaufl tt hpir se sdei nst caut si soi garna i ds

understand the mobil ity tpatPteecrtn st hoef ttrhaen saproerat aatn
second, evaluate the real ynanci al burden on
traditional focus on housing costs alone.

By integrati ngcsrpantiia, , amebcanodd | ddatyaai ntshte anal

uncovepratttheer ns t hat | i nkc drmnedtnigwimoyaat ngnbehati
and modal choices.
The ynmotngenl tyhsoecvieaall addsparat tiabsapRoonrtdabi | ity

but démonstr ardahowoume mMmard pubpriocv itsrionmbs por t

prevailing mobility patterns shape overall hou:

th, Mobpatitegrns

The anal ysis of mobility patterns within t he

understanding household transportation costs,

by accessibility conditions and modal choices.
T Modal shares, motorization and public trans
T Travel tmemesopolbditan core inpuence

T Other spatpattewobs!| ity

Togetthheers,e results clarify the mechanisms throu
shape mobility and therefore CHTAI outcomes.

t . h 6ddM s hneorteosr i zahdopublic transport connect.i
Modal split is strongly conditi omead wathdt hilee dens
availabilhivhowBEi ghae PT sstsdp op@s &idayretleyl at ed
wit hPT he(Rgr eeyy. Fifhigglared negwaitpphvie yt e vehicle (PV
(R] #h, RIuUyfet) . Areas wantbhe tddeerssteri,but ed PT stops
hi gher PT reliance and | owelr mpprroivveadt eP Tv eme tcwer

connecrtedvuces the relative attractiveness of pr

Figbhendi catheghtelmammot ataeaeas o oinat ede wi PMRJ]shar e
= WY.,Fighme ahmidgher RWFfgbra,Feugfeh). This indicated
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hi glwvehi cl e owrnespbrprseianngpricest et weedhperndkence
wheP€® density Fiighdweaker

(a) (b)

100 100
90 90
80 80
0 RZ = 0.6192 .

2 60 F 60 R2 = 0.7206
T 50 % 50
£ 0 g 40
30 0
20 20
10 10
0 0

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0 0.1 0.2 0.3 0.4 0.5
Public transport share Private vehicle share

Figlhryue Density of public transport stops Vvs public transpc

(a) (b)
800 800
700 700
600 600
£ 500 £ 500
£ 400 2 400 R2 = 0.5426
= 300 = 300
200 . _ 200
R2 = 0.463
100 100
0 0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0 0.1 0.2 0.3 0.4 0.5
blic transport s Private vehicle share

Fighme Motorization index vs public transport share (a)

/

Thesesuwlothyyrm the structur al anpukeaimielmotby | hf yas
patt Arsmszes wi tahn dd ewneslel piudbtiicbutreechsport stops
dependence on private vehicl ess haotwhiel ec aar eaass twvhie
pri mary mode.

A compl ementary anal ysi s di r efcacltyorAsehagati vtehe
correlation is observreadbebketWEBEeat omptdengiatyor RJ
Figune indicating that areas with fewer PT st
higher | evels of vehicle ownership. This resul
PT provisionostpreu svtaurealvleyni cl e dependence.

00 R2 = 0.4356

Veh/1000 inhab
v oW & @

0 20 40 60 80 100
Stops/km2

Fighme Mot orization index vs Density of public tr
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The results obtained are WVal ihdtchoenrsmestt reand o | aongdi e

applied for matrix constrastweelnl feasst mimnmut e p lod
mo d a | shares. This strengthens conydence in t
provides a solid basis for the subsequent est]i

ul ti matcedlyqultahteCldhAIlof t he

t . h h Travel times and njpatmacgol itan core
To further validate these trends, it i s essenti
connectivity with the metropoTllhiatano paesrradttleest he

principalaragdmiomi scdiumtofvet he region. The public

has historically been structured to ensure acce
continues to exert a decisive inpuence on the
AMB.

Two compl ementary resultsOstioind omé, hdbodh mot &i
is positively <correlated with PTFiug &wel, ti me
signaling that weak pPTvaboenekihewt®eyespondesng t
those zones furthe®n ftrhoem ottHAeE rsitht@ym ddemtsert.y i s n
correlated with PT tFaugd&lb)ti monygRmi sg yf abter

denddéinet worlbbetter connected. This iszpmedicul a
where PT connectivity is weaker, and where pr
functi onall necessity
(@) ®)
_ L4 _ 14
= s R = 0.5761 = "
%I 51
;f-;o.s E_f;_o.a
505 50-6 R? = 0.6262
%DA §0,4
%0.2 ;fo.z
50 0 100 200 300 400 800 600 700 800 . 0 20 40 60 80 100
Veh/1000 inhab Stops/km2
Fighne Travel time by public transportation to the ty o

ci
Density of public transport stops (b)

The patterns obs,erivaesnhi ény fFargcuerde ynanci al bur det

outskirt zones. Peripher al areas, often combi ni
transfer times, resulting in signiycantly reduoc
Connectto viheg central city is therefore a critiec
and household transportation costs. Analyzing
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each zone to Barcelona and the corresponding ¢tr

di stribution of mobility opportunities across t

Moreover, correl,atd @myprsihn o R grgeplpastiitboienwsehe eopn t h e
average travel time of triapnsd otrhieg isnpaetciinygc itnr aevae
the city of Bar caenl @®\W at, rTibhpps .avéoagdeTRTD travel
consider PT and PV trips.

FoPTR|J]( = "™WFitduraez ohrnes with |l onger avemagentrip
l ongemavel t icmetsy tcoe nttheer. oTthriBsanrdc d Inddrasc ahesess t o
Barcelona via PT is a signiycant cofofo/fient of
R = . FeEgh)dehrelationship is wealkdgrechumngstihl
relative advantage of car travel but also the p
() (b)

_ 16 _09 -

E 14 R? = 0.6238 S 0s RE=047

i51.2 ;—20-7

_:1 go.ﬁu

Z 205

z 08 z

z ED.—I

=206 =l

= T 0.3

So4 %0.2

02 'Elm

0 0

0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 0.4 0.5

Average PT travel time per zone (h) Average PV travel time per zone (h)
Fighmre Average travel time to Barcelona by PT vs Average
travel time to Barcelona by PV vs Average PV tra

OD analysis corrobor at eisn pBuacErxaeed wothiaivgs ih@av i t at i c
city itsiemWfr %hofr &@mipsr rROTDn dzighdypgys PT amrdke PV)
directed to Barcelona, with .t Hehishgrad tceanr @ &ss iol
i n Fihlgur e
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Legend
Trip to Barcelona (%)
[ 0,126 - 0,158
[ 0,158 - 0,207
[77 0,207 - 0,276
[ 0,276 - 0,377
[ 0,377 - 0,484
I 0,484 - 0,886

Fighre Percentage of trips to (Bjaurstel ommms ifderm e chT RarDd zR'
On the o,net heansdhare of tri ppodiot iBvaelcye |l wintah cPRT rs
= y.,Fiugreb)h Tphatstreerprect s that zones with stronger
metropolitan core not only generate a | arger pr
more heavily on PT for those trips.

On the other hand, the share of trips to Barcel
wei ghted average tr a(vR]l ™sihggdugoefa fie alchh sz cpmae t er n
suggests that zones wi a-bbiughetrrippopbendonoo
slightly onger .alvtehawgeh ttrlaev edeltatmesnshi p i s mo

by other factors such as | ocal trip structure
attraction.
(@) ®)
0.6 0.6
% 05 R? =0.1727 . N R2 =0.7442 .
?;T—o,g e . .. — an ‘ - Te ®
_%0‘2 ... *3 .. . ;02 *o.% . ." .
5 et z X
Fo1 0.1
0 0
0.2 0.25 0.3 0.35 04 0.45 0.5 0 0.05 0.1 0.15 0.2
Share of trips to Barcelona hare of trips to Barcelon
Fighrs8hare of trips to Barcelona vs Weighted average tra

s ha(hke)
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+t.hOther spatial mmsbility patter
To compl ement the statistmcptevioomwsedasbebnespotét
spati al representations illustrate the territol
the AMB, considering RTD geospatial | evel Thes
the previously discussed gradients and dispari:-t
Fi gurpesarmad $how the spatial distribution of PV
A o A
4
4
o
Fighme PV share in AMB in RTD |l evel ((a)) .and PT share
Both maps revedbemri pcheray CapréeandddenBar cel ona exhi
hi ghest PT shares and | owest PV dependence, wh
by stronger car reliance due to weaker PT prov
PV and PT shares ®WR]val ydatygs Fhigsrepatial trer
0.5
o 04 R2=0.708
g 0.35
j()‘:i
%n,zs
02
;E:ms
0.1
0.05
! 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Public transport share
Figlhme Pri vatsehaveshsippdlel i c transport share
Considering actihvwel mobtlatgs Fhgusbares of bic)
On t he o0ne&eshhaanrde, sbhio wisn [au esntcreo nign centr al Barce
ranging between h".i % and {+.! % This pattern co
infrastructur e, as characterized in section 4,
northern district scoonfs iBdaerrcaeblloyn ar erdeugciesdt ebri ke s h g
attributed to | ess favorable cycling condition:¢
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On the otwel kihmgddsehsarreot exhi bit a cl ear spati
appear more dihs peucgpielsdt wal king is inpuenced |
structur al factor s, and more by |l ocal accessibi

purposes.

A

i
i “(7-\‘7

S
;
s

EREO0T

Figlmrme Bi ke( ag)mar &val ki (hWly)ns RalrDe zones.

Mor eoFieguires " present the distribution of aver

Thopeovicdeaa il lustration of the spatial di spa
travel ti mes, and consequentl vy, of the time bur
The yrst spati al di stri but i dn gdfnpeacvoerrraegsep otnrdasv etl

public trancemipdrr ihdhelrgargr a®i enti csseof dBatcel c
RTD zones <closest to the city rigggt gt er) ,t hwehi $tfe

peripheral municipalities, particularly in the
durations (up to y.vh h) . lYhddewkleidgher |wavdeues
densities, as already identiyed in the charact e
t he mobility pattern anal ysi s. Such di sparit
infrastrucomrerptociasly shape mobility equity
Fi gufper e eadnite spatial distribution of average pr
the AWB.expected, travel by private vehicle, i
transport, wi th most zones —registeringlThaver ag:
pattermoaghwmws | ower travel times in the zones

areas present | onger average duration up to y.:
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Legend

PT average travel times (h)
[]0,417 - 0,454
[ 0,454 - 0,541
[ 0,541 - 0,589
[ 0,589 - 0,665
[ 0,665 - 0,762
| | I 0,762 - 0,909

Figume Public transport average travel

PV average travel times (h)
[]0,214-0,233
[10,233-0,25

[ 0,25-0,267

[ 0,267 - 0,295

[ 0,295 - 0,327
) I 0,327 - 0,409

Figume Private vehicle average travel

t
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Final |l ymobacitsievger esent edf i fr Bmgbri &«ke average tra
clear patoles ®Mav &kd nhg average travel times distr
wal king distances in Barcel ona.

A s o a A

A o L _,"’\\ ; "N

Legend
Walk awerane el lines (hy
0217022
02004
024 0262
0262 0291

0229-0,252

02520274
v 25 skm " - 0274032
—-— - 0320381

§RE0I0
EEE0O3

02010395
03% 0379

FigumBi K@ and waver adge travel time per RTD zone (

Final¢gmposi te indicator was constructed by w
according to each Tihoire paoodvai |d essplai tmeasure of t
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Figurne Weighted total average travel time per RT

+.h Transportation costs

Fol l owing the mobility pattersrexcti @dentqiuyaend i iymes S
modal <choices and connectivity conditions tran:
AMB di 2erent RTD zones. The analysis distingui
transport, and active modesor thatfioorne caossstess saitn gz os
Costs are ex(peescrelmdimd thh/ excl uding and includ
capture the monetary burden and t he-reduwuitted di m

time valuation.

+ . h h Private vehicle transportation costs

Private vehicle use represents a signiycant c
expenditure within the AMB. The magnitude of t
zones, Trepectivnegh idovReer emicegsr ames, travel distar
availability of alteCmsuttd viendlrwade poed¢ umroarets. e Xx
depreciael pnmaitmtxeegoncance, and parking. As exf
distribution mirrors the mobility patterns di s
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Wit hout consFdgudoft)ecgentaTal ( di stricts of Barcel o

private vehicle costs, while peripheral municip
This gradient repects both | onger travel di st a
edge of Moe edWM8r , I n Barcelona itself, privat e

associated with motorcycles whi(cThabrlh&@pneernts |

B. )

Legend
Avg. PV cost (no VoT) per person
(€/month)
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Figume Avg. PV cost a month and per person, excluding

Il ncludi RyggWwg&8he¢ patterns is slightly modiyed, |
ti mes and VoT Asficiotmehas|altredlady been exposed in
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Legend
Avg. PV cost (VoT) per person
(€/month)
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Figure Avg. PV cost a month and per person, including
Peripher al depiewatarceesdlintcd ein high monetary anc
while central zones beneyt from shorter trips
The VoT dimension highlights that a2ordability
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+ . h h Public transportation cost s
Publ ic transport costs ar e drrd lveetne db ye xtppwam d ictol
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Avg. PT cost (VoT) per person
(€/month)
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Figure Avg. PV cost a month and per person,

+ . h 7 Active mobility costs
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guwsehodws that the spatial di stribution of ave

the AMB <c¢closely follows the connectivity p
ansport infrastructure described in Section

weests, while values increase progressively

he city center, where PT infrastructure i s wez@

central districts, the high density of PT st
sult in | ower .Ax atntsgpognedtieom RDssmare provi de
ternative to casarvebhserVieda liow&€stutwdl Vel l a (0r
ry core of Barcelona. Wi thin the city, the hi
nt Gerwasidi 6bvicts situated wiurht hheirg hfeartoen t h e
hidelpeendency

peripheral RTD zones, average transportatic
aching nearly yve times the central minimum i
Castell bisbal (ahi 1), on the metropolitan
nicipalities from Barcel ona, characterized b
itwa vehicle shares.

Legend
Avg. Transportation costs (No VoT)
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The correlation analysis conyrms the spatial t
strong and statistically signiycant relationshi
cost per person and the dominant modaudr e hare i
iva transportation costs Risbanegé&R) velmwmdicoariha
t hat zones with greater reliance on PT systema
contrastiybstmiogwsr ean al most perfect @abesi tvehecker:
share (R), =dgmo ms tpraitviantgedtedpeadti cdrecy i s directly
wi th hmiveheilansportation expenditures. These res
cost per trip of public transport compared to t
private vehicles.

(a) (b)
R2 = 0.9826

R2=0.7619
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Figume Transportation co (no VoT) vs public transportat
(

st
b)
After conyrming the dependence of transportati
relevant to analyze their relationship with ac
for bot PVRPT aatmrdaangsepor t ati on cost per person per

i s positively correlated with travel time to ¢t

For PT (&) gpobbeédaornreel ati on i s moderBhteZgnassron
with I onger PT travefunti mes deoontBdatloe tointay gher

transportation costs, reinforcing the observati
di stance and creates a cumulative disadvantag
(Figulr)e, the correlation ivs),repegthithy tShatonlgemg €
times correspond to greater distances travell et
as fuel and, mad dtdlientasstcreonger private vehicle de

RTD zones further from the core.
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(a) (b)

1.2 R2 =0.6612

a city by PT (h)

R2 = (0.6852
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Figume Transportation cost (no VoT) vs average travel tin
travel time t&(Barcelona by P

These results conyrm the gravitational role of
from the hdigtheyr ttthe transport cost burden for

particularly critical in areas with low PT supj

I n summary, three main factors explain rising t

Hi gher car dependence driven by reduced PT ¢
Gr eadiegst ances, which directly ifroar eparsievau ar i
vehicl e

1 Lower PT competitiveness, wher e sparse st
connectiondi sootuthagei Py use and compel house
or more vehicles.

t.h pPncludomng V
This trend remains visiVWYoEnwbemnranspopbatit ong

shown i mh"Fiagwereage costs are still l ower i n ar

the correlation is |l ess evident. ,whearse olcocrugesr b

di st dmomaes Barmel gnai ghetri st rnaovtelaltwaryess ful yl | ed.
RTD zones, the percentagedetr eamtgprsawelr etcit mas t ar
partly reduced by the greater reliance on priwv

most | oWlsnesgtshbheen c aloaeult dafeceodh sfti dal rviamgpge tr avel
ti mes RTrDe, gzroi vvaehei al & s ti mens afvas talgen publ i c
transportation.
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Avg. Transportation costs (VoT)
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As expected, the correlations obtai"wvead uwlken i n
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averiageperi phaemdalby othlees equity di mension introd

it i s idnocemded l.yelatdhidhgbme areas, the higher V
calculated transportation <costs, di storting t
expendiBuurlksetter repecting the actual burden ir
Fi gurhasd]j the overalll trend remains visible, al

the relationships are considerably reduced once
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Figurne Transpor tVeotTi)onw sc easvter(age travel time to Barcelona
travel ti me ¥(Barcelona by P

t1.A20rdabi liietaye s wmldt s
This section integrates housing and transport e
examine the spatial di stribution of burdens ac
in three steps: yrst, the HAI which hceonTsAlder s
i solates the transport di mensi on; ynall vy, t he
both. Together, these indices provide a compr el
to identi fty atdearor@dlistcourmuallati ve di sadvantages.

Loodooh HAI
TheEeAI has been spatially repisggdrrtmed nwAFt lgiumr et h

clear spati al gradient emerges as the <central
a2ordability which repecCisuti axt t\béededbR gihsd atbH BIAT
zone in terms ofcommbunimg Gyghheh)oousi ng costs w

househol dSumncomesli ng districts such ag§ Ei xampl
Mont jupuc also present &ongthnaealAtl h evran ucisst rwihcitlse i

Andr eu, Nou Barri s, and Horta show | ower housin
SarirSiant Gervasi stands out as an exception, wkl
hi ghest housing costs in the city, i1its elevate
|l ower HAI values, indicating better a2ordabili!t
I n contrast, moBPt zpeepphegr &li gni ycantly more f ¢
a2 ordability conditions. HAl values decrease ¢
most a2ordable zone is Badia del Vall s (y.hsy)
at the metropalsi tCastedddisbal and Begues. Howe
this trend are observed, such as Castelldefels

hul’
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|l inked to coasotudldcamasiet iceost fsurdtéhoepriat € obh h é&ir om
Barcel ona.

Overall, the spatial heterogeneity of the HAI,
central and peripheral areas. While central di s
the periphery o02ers more a2ordabl e options.

Legend

HAL
0,179 - 0,21

0,21 - 0,236

0,236 - 0,259
0,259 - 0,292
0,292 - 0,324
L Ea— 0,324 - 0,417
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Figume HAl spatial distribution across RTD zones

L. . TAlI anhdclCH¥BHAQ

Once HAhebhasen presented and spati alilny oarmpalryz ed,
transportation costs into the al2ordability asse
transportation costs ar(momtelpl lec)esndclk aildditmogt &0 ms ¢
capture both the direct mehatady dbmedsnoandft Ime

Fi guirdei spt mg sspatial distribution of the TAI ac

show clear territorial dicsopnanreicttieeds ,a rweiatsh pcreensterr
| owest al2ordability ratPEohnwihitieielc ppali pheealr ag
the highebt val uemportant to not e, t hat this i

monetary costs but al séAsthpeevimpluskcytdcoestusoédiy
highly sensitive to average travel ti mes and
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particular, the higherupeayv pleenpdesfalprzionaetse Ve
faster than public transport, contributes sighni
The | owes&e O®Aberved in Bar celGrmahiaas nt hcee nlt avad s tc

index i af Fw.IhN owing t hehiobser vEAl padnermbser ved i
zones, especially the ones in the AMB boundary
tesonf transpoytf@ti on with

Legend
TAI (VoT)

0,131 - 0,147
0,147 - 0,165
0,165 - 0,184
0,184 - 0,198
0,198 - 0,228
0,228 - 0,264

BRRE00

Figure TAI spatial distribution across RTD zones

When compared with HAI, an important contrast emerges. The HAI shows that
affordability pressures are most pronounced in central areas closer to Barcelona, where
housing is significantly less affordable. In contrast, the TAI reveals that the greatest
transportation burdens fall on the RTD zones located further from the city .

In other words, central households face a higher challenge in terms of housing costs,
whereas peripheral households face a higher challenge in terms of mobility costs. This
contrast highlights a structural trade -off within the AMB: choosing to live in more

affordable housing locations often entails higher transportation costs.

This relationship is further examined by correlating the two affordability indices , as seen
in Figure 46. The negative correlation observed, of R>=0.244 is modest, but reflects

several dynamics. In some peripheral zones, travel times are relatively lower because

hu{
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trips are less oriented toward Barcelona and are more local in nature. Combined with a
higher reliance on private vehicles, which tend to be, in average,than public transport ,
this reduces the measured temporal costs despite greater distances from the core, and
can therefore translate into lower VoT burdens. Nevertheless, the overall tendency
reflects a negative association: zones with more affordable housing tend to exhibit higher
transport affordability costs, while central areas with expensive housing enjoy |ower
transport burdens.

0.3
0.25
a 0.2 Rz =0.2439
%0.15
lO.l
0.05
0
0 0.1 0.2 0.3 0.4 0.5
HAI
Figure TAI vs HAI i n AMB
Overall, t he TAI results highlight the i mport a
when assessing a2ordability, as housing and tr
di 2erently across the metropolitan territory.
integrated into the CHTA¥, as illustrated in Fi
The results reveal that the clear spatial patte

homogeneous di stribution when transportation
peripher al zones t hat appeared a2ordabl e und
signi ylceasnst lay2 ordabl e, approaching the |l evels ob
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Legend
CHTAI (VoT)
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Figure CHTAI spatial distribution across RTD zone

t .1 .07 TAl aexdclCHd/iAfg

As previously discussed, including the VoT int
actual direct monetary burden on househol ds, S
expenditure deducted from income. That is why,

excluding this term from the transportation cos
devoted to real monetary expenses wil/| be capt

In the follr@witrhge FKFiegwrnda s for TAI not considerir
represent edMBi RADnl ekel A I n this case the spati
clearer, as TAI in Barcelona is the | owest, ar

from the city the costs are higher reaching y.'!t
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Legend
TAI (no VoT)
0,03 - 0,036
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0,061 - 0,092
0,092 - 0,114
0,114 - 0,148
0,148 - 0,179
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Figume TAI (Excluding VoT) spatial distribution acr o
Finally, analyzing CHTAI, it is again seen that
become more homogeneo@dsindsemeozbhest whdee | owe
i mply higher transportation costs, w©dupubloi @riv
transportation connectivity.

Legend
CHTAI (No VoT)
0,295 - 0,307 (=)
0,307 - 0,333 [
0,333 - 0,357 L]
0,357 - 0,387 |
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Figume CHTAI (Excluding VoT) spatial di stribution acr
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Correlating TAI and i HAlo,b $tehte; edanm ett hpi ash boeassnemo r e

robustne%ssf.whatsh iR i s appreciated. in the follow

0.2
0.18
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0.14
0.12

TAI (No VoT)
o
—

0.08
0.06
0.04
0.02

R2 =0.4421

HAI

Figume Correlating TAI and HAI (Excluding VoT)

t.r ., Saoncd aslpati al patterns

Fi nalnl yaddbtitbe previous di s eWs wvnibsre ravred ,s psaotniea In
analyses on dispariti esFithhast ec |baesesni ypreart fi @rnmeodf F
depending on a tchoembrianidd\li DAk eod o0& mkeaswsi ycatio
(Sanchez, Seddedsessmpootssobla rel ation with inc
a2ordability indices.

t . . h HAI and TAI group combination
Tof urther asmmdtyizel tehred bBetwaén plaoteirmg and tran

RTD zweecel as dieypeedhdi ng MKWAl idnd hBAIr | i ed above o
metropolitan means, which wer e:
T Average HAI: hoao [ we 0

1T Average E€AL| pdelda. !
T Average TAIl (Vo™ included): hw,

Crossing both di mensi ongsr oytiged td swd roai rl ama@atreddh bii
in Fidaceross fbe ANMBh RTBseMdacmreédear i n the graph
1 h each i gohoaurpactiemr i 2z ed ms of i ncomesupplulyl ic t
mot or i,zaantgiuobnl i ¢ transport andWipeawvalk gzivredvi odeh
ygur es taogpedthieal r € ogakoexd.sni Rry t o -quearnsd,y piugH i c
transport depresses transport burden but i's ¢
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der i

di stance fham the oppecrda&tie®gcmor e
This anglrwgdeipsorited with TAI excluding
monetary burden. The patterns remai
in previous ss ddtaieen tilaaoala¢éys,i s with VoT wi
Legend
HAI above average [ |
TAI above average =
0 X TAI and HAI above average []
] TAI and HAT below average
FigumBpatial distribution of * groups consi
combin@VodnExcluded)
TAIl above average A TAI and HAI above average
Represents35.55% of RTD zones Represents4.45% of RTD zones
Constituted by RTD zones far from Constituted by RTD zones of mix
Barcelona, highest motorization index typology and spatiality.
and low public transport connectivity.
Avg. Net Income of Aygwy Nt I ncome of |4 . 1vi @
11 stops/km2 ; 591 veh /1,000 hab 12 stops/km2 ; 529 veh /1,000 hab
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o
>
o
=
z TAI and HAI below average C || HAI above average D
= Represents13.33% of RTD zones Represents46.67% of RTD zones
Constituted by RTD zones generally Constituted by all Barcelona districts
close from Barcelona with high income and mainly other RTD zones close to
and medium PT connectivity. metropolitan core. With great PT
connectivity and low motorization
index.
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Consideriymgar bathle soci al and spatial pattern i
maj or iRtTY afamres cl apst fhedt wo nmdixt mauradirmngrsqup A
considering one of the a2ordability indices ab
This shows a clear trade 02 fMdsltoweau sienh ol hdd% off:

either expensive housing with a2ordabdrttalanspo

zoneGroup o) a2ordabl e howasisipwa sgieente rad dtyl iy n out
zonewn t he metr o @lriotugpgn dgot be one hand Where H
average, PT connectivity is typically strong a
t he mean. On the other hand, zones where HAI

dependence higher, r aiepe migp MeArl y  STthri sc ti sr € hal rcea
in previous sections.

I ncome al so di2eren?iagtésspolue BDawoc élrcandae and nea
core RTDs exhibits slightly hifTbheri acvemagpr emcoc
edecthelepgcdto®ss to the central, already tensio
households to bear higher housing costs in ex
contrast, households in Group,th eayr eo bptraii cne dc hoeuatr
housing but incur systematically highaebrl etransp
PT supply and-vegerhda atl eer dperpiemadteen ¢ e .

The remain two groups, B and C, act as outlier
number eferserieral zones simultaneously achieve

(Grouph&hks to acoeptabliei PY and characteri ze
average i ncomes, which can make t hat even housi
the higher income compensates those cost, makin
which would not abe gh@oupoetstmemad 4 ¢ (gRITDr ¢ pomfesent
both indices (aGroovwphtdBrle meoanmect i vity gaps or i n:
event accessibility from Tbmpensadtsiongprleswenit
c olnodwe s t average i ncome. Then necbthbharse housin
alordabl e, relative t o l ow i ncome, high hous
n

connectivity.

FinaTdlyl,e HhHs consolidates t hhese afjTleAdai@ndg st hbey c o

average HAlI within each group:
Average CHTAI Average HAI
HAI above average (D) 36.75% 30.40%
TAIl above average (A) 37.21% 23.04%
HAI and TAI above average (B) 39.90% 28.60%
HAI and TAI below average (C) 33.30% 23.11%

Tabili®we Average CHTAI and HAI per each avevagfgeeXdAluded) HAI
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Table he makeXs amlye bt ead&hen a2ordability is r
many outer/intermediate zones | ook favorabl e b
account for ytintae bturadweistplorCHTAI , s o eae?aolr doafb Iteh o s e

pl aces move up .t hTehibsuridse ns pecaileel |y observed be
Group A records an average CHTAI of 18 _ hho cl g
PT supply and higher car dependence add recur
housing advant ageal sSTcheapmp egaroy iimatghee core. Grou
i1, 68h0%n excellent accessibility keeps transport
combined burdeimitgdhh .4 emedi um

I n conclsusseisocsn,nga a2ordability only t hrough ho
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