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Abshacc Ttlargh a sigrificarfi runber of grdies have already irdicaed ttm a compaa uban layou is orre of
the rnos essertial fictss to redrce atonrcbile usage, ttle $di$ical nddionship berveen uban layor.[ ard

arlonnbile usage levd has been analyred only A the rnmicipal scale. To pesat realistic ooutermeas.nes to

redue gasolirr cor1srrmpioq il is irdiryensable to idertify the fidds thd afec gasoline consJrnpion d th€

residerrial aning scale, as rnost cctfienneasl€s, $dr as infrasE.ulre improvanant artd city plarudng

regulaiorq re o<eoted atris lerrel. This surdy adoped individual u/e€kday pasonrip daa fromthe Naional

Puson Tiip Sury€y (IrIPIS} uftich included abo-[ 67,m0 sarnplc from 78 Japance cities n 1992. Based on

this dd4 138 grurp ofresidarial zonc ae designad ard frcus ofgasoline consrmfiion in each group are

esimded by the nnrhi-regression modd. Ttrc r€$lts *pw ttn a aompaa trban layo* is rm tlrc only inportarn

fictq h[ t]6 ltrcre ae also many cntro significant firlus to redrrce gasoline con$rnptior\ incfuding dte

uansporadon sewioe kvd, land+rse rqul*ior\ conditions ofinfiasEucturq ard otha compoud fraors.

I(ey Wods: uban layu:t, artorrcbile usagg residetial developmat

I.INTRODUCIION
Nouadayq nnny nreropolian aeas ard citia inttBwuld frce goblems in theirtranspqtaon environment

caus€d by a.monnbiles To prcnea and improve tlre erv'uonnerf, ttrre re rnany kinds ofTDM (kansportaion

Danand Managenreril) measres in place to corfiol uban tranryumion Tlrese nreasres irrclude pak-andride,

flexinre comnuting ard toll rmds. Gernaly speakirg; these couterrn€a$res foers only onthe fiansportation

behavior ard noontheuban hyorL Tu;ghtlrcSeTDM measnes cculd be decive for peific tansportdion

problerns in each cjty, it is very diffio:lt to improve the basic rud of increasing atonnbile usage. The mo$

importart requirarur fqreduqng atonpbile fafic is to idernify and oorrol essertial fraors oonceniry the

tuban layout ttrat inftrence ttre bdnvior of tlre residerrs.

Building a cornpact uban layort is the es*rrial measre b improve the fqrn of cities. Setreral gtdies have

alread indicaed dttp nr.lnicipal scale thapopulaion dasity is oneofth nros essertial fictqs in cortollittg

atonnbile usage. Some saisical arnlysc tarze also oonfinned the ndaion*rip beweargasoline cons.mption

level and fiaqs ftr gasoline consmpnon Thogh tlEse reseatctt findings a the municipal lwel have given us

inteeSing infornraior\ tky ae not un-rgh o indicate r€al useful gr.rides fur improvernent pqieds in urban

areas. Tlrescalesof*raeprrqiedsae rntvery lalgg moslyunder l0Oha(lmeafter refqrdtowrcsidentialxte
size) Ttrcse proJeos include trusfoB complex dwelopments ard wban redwelopments. Even thcugh each of
ttrese projeas only repeserfs a snall sep to improve ttre uban layorf, their acormulation oo.rld clrange fie
sifiration.

This $u4, aims to show quafiitdive guides fo r€dring artonnbile gasoline oongln$ion in each type of
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residertial ane. It is nd easy to keep erough rip samples based on the same $anfuds at tlp d€tail level of
residerrial anes Toovaoomethis ditrcrilty, this strdy select€d 73 typical cities inJapanto ftrdtlrerdaionship
betrvear gasolirre oonsrmption and the clmacer of each residatial ane, eryecialy corrcaning frdors rdating
touban lE/ott T?teNaional Personfiip Survey(NPIS) onducted in 1992 was adoped asthetip ddaurce.
The arnlysis is conposed ofthe following two para:
1) fu ar uban aea is oomposed of nwry ditraurt types of residefiial anreq it is necessry to designare an

rnlysis utit, Grotps of ReSfutial ZoAfu &erJi're analysrs. Tlre clra'acer of each resider[ial ang s.rch

as locaiorl pop.rlaion dasity, ladtrse oorto[ ranspffiation conditior\ and di*anoe from ttrc city certa, is

oamin€d as indo< ficon to desigrne grups of residential zones. Based on tlrese grcrrys, the rdadonship
beweat uban population dusity ard erury consxnption by automobiles is clarified.

2) Tlrc rrdaiomhip annng ficus concanirg urban layou and gasoline cons.rrpion by arlonnbiles is

analyzed by a muhiple regression modd. The parameterofeach fiaorfor ssoline consrmpticn is esirnated
Ttp sample unit is the residolial zone defined in l)

Z URBAN I,AYOT]T AIYD AUTOMOBILE USAGE: PREVIOUS STTJDIBS
Ttrc rdationship benveen an utan layo* ud its tranpataion netuork was disased by Tlrcmson (1 977) u
n anly $age. Tlngh nrany papers and Frtirgs hare atmraged a mtre cornpad trban hyou ftr
srsainable dadopment since the4 only.fe* s.ldies mrld ad&ess the r€al rdaionship beurcen trban layor.n

and a.tonrcbile usage from a quanimive via4oint Newman'ard Kffwuthy (1%9) calq.ilat€d the
relaiondfp b€tu/een trban pop:lation density and anrual gasolirr consum6ion p€r capitia d the nunicipal
scale. This re$h shcu/s vuy clearty tha cities with a low danrty rdy on ar[orrcbile ransportatim As uban
ard t-anspuurim policies need to improve the environmert ard redrce en€r5/ con$m6ior\ Nervman and

Kurwuttry (l!)89) rrggesed raising uban popldion dersity. For o<arnple, ttq/ irdicarcd 6d, ifttte uban
poprlaion d€nsity in a maopolitan rea cor.rld be c}angd fiom l0 pasongtn to 30 pesondlq gasoline

con$rnptbn pa capra wurd be redrrcd by tralf Hayadti (195) Naess (1996) ard Rm (2000) also

oondrned *rdiestohvesigde6e rdaionstip beturemwtan laymardransputaia andtheirfindings trave

slrcd rcw hgtrt on the improvanern ofttrc uban layout.

Nct only poprlation d€nsfy hr also cfih€r frrtors of gasoline oons:rngion a tre muricipal scale have been
qatisically examined bV Taniguchi MrakawE ard Nlorita(1999). This researchhas quarnilrively darifed ttrc
influence of many frdom, srh as prblic tansportdion service level, histodcal Ua*gutrd, ard gogrehical
oonditions. Ttrese reserch fndins ha've rnade it clear ttn it is indispensable to oonrol urban layor.r to red.rce

gasolirrc consJnptim Mearnruhilg ccr.nr€nneasres ttE could be otrained from ttrce findings, sldr as

ircreadng rnunicipal pop:lationduuityttreetimes, appearto beunrealisticalternaives. ftwuJd nctbeeasyto
ttrilize th€se firdin5 to improve tre r€al utan layott, as larye.-size wtrcle tuban layoug like ttpse * ttp
municipal scalg ale dificult to control To ac]rieve an envirounerrally fiadly urban layoq it is more realisic
to confrol srnall'size residatial dadopmerrs, asttrctrtal uban layouistheacarnulated resltfrom each srnall

residerrial devdopnent.

3.TIMDATAAIYDCITIES
In Japarl Mercpoliun Person Trip Strvel,s (MPIS) luve been oorduloed in rnajor cities ard metopolitan
areas for the pad th'ee decades a diferert tirnes. Thoqh ttrcy provide rich inforrnaion fon oe*ing a
transporumlln plan for each metopolitan rea, they are not appropiae to Ltilize for this sdy. This study

r€quirestip dda from many cities based onthe same $ardad ard ttrc same swey peiod. As ares:lg tip rl"ta
from the NPTS (Natiorul Pason Trip Survey) is preferable to the us' 'ql MPTS for this study.

MTSs have been corduoed three times so frr by the Nfinisry of Consruaion ofJapan The fir$ c.rvey was

conducted in I 987 in I 3 I citieq the secord srwey was cond: dd n 19q2 in 78 citieq and the third $.ul/€y was

in 1999 in 98 cities To esinrate gasoline consrmption by each tip nnka, it is necessary to use the dxa of
velocity ard tip disance by eactr aton$ile uip. This snrdy adopts 1992 daa for malysis, not the lde$ 1999
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daa as ttre 199 snvey does rrct always irrclude this infornnion in set/€ral cities. Sanple cities ofNPTS u,tre

sdected to ooraer citic ofa rrariety oftypes. Specificaly, tlte followirg ttnee poitts were considered:

a) Tlre population size ofthecity,

b) tlre poprlaion size oftherretropolimn areathathe citybdongs tq and

c) ttre locaion (e.g, curter or paiphay) oftha city in ttrc nretropolitan area-

The NPTS slrvry was qonposed of tqn slrees frr eadr hnrsdnld. One was tlrc quesbrmaire fur fte
horsdpld mbr"tes, ard tlr cds was the $esiormaire fs rips udqtalcn by eadl fonily nrcmber. The

NPTS also inclrdes quesiors abou tlre possbility ofantomobrle usage for ea& frmi$ mernber

Eactr sanple city disrhrtul quesioruuires to d least 360 holsdrclds. Drirg *te 1992 srvey, the tctal rnlmb€r

of distributed hcusdpld quesiorrnires wu 29,5U\ and ftd of personal was 8Q997.

Invesigaus visited all ttp sdeded housdplds to disnbLte and colleo the quesionruirc. Tlre oolleaed

hor:sdnld ard pusornl quesiorrlaires nurbered X,W ard67,67,reEedively. The deoive posonal reurn

rde \rns 82.9/o. k is $atisically guararte€d $d tltis colleeion rde is luge emr.rgh to reproduoe basic

c}a'actedsics srch as armage rb l€ngth in eacfr qty. This nreans tlm errqs in the esimaion
vahres have akeady o<amined to be snrallstorgh (Vfini$ry ofConsrudion 1993).

Urban reasinJapmareconftolledbycityplaru:ing laws ard redesignded UbtPlqnrglr€at Hqsdnld
sanples in the NPTS were sdeaed from ttre Urban Plannirg Area in each city. As some cities have latge

rnn*uiltr4 reas srdrasnrournainregjonsctnsideofttreLhbarPlamxng Area, an analysis based ontheUrban

Planning Areagi\resusrntreacqrae,urbiasedresits. Basedonthiq 6 o-rof78 cities wereo<cludedfiomthe

following uubnh and 72 citieswerettrar adopted forfolowfuganalvsis

Ttre srorgpointsofttreNPTS derettranttBdaacor,rrsnnny citiesusingttrcsame s:rvey $ardardsardttrc
same uverypuiod. Onttrcotlrcrlund daafrom*reNPTS alsohasafeurweakpoirrq asfollows.

l) Ttpudr NPTS dda includes wtrd kinds of journqn (e.g, arornbile fu, traiq ec.) urpce eadt

mixed-mode (eg, combination) t[, it dm rd aover infurnation concerning t]te re+rir€d tinte ard di$anc€

ofeachjarmey (e.9, ttrc leg ofttr tip) on eaci tip.
2) NPTS daa does not irrcfude infornrdion about tlrc origin and desirnion ofeadr tb.
3) As NPTS is a slrwy for only passarger tips, it does not indude comrndity flow.

4) It is inposfule to dlscdminde bett reen gasolirrc a-tonrcbile Eip,s ad dicel a.tornobile tips. This sndy
assmestlranallarlonnb,iletipsrequiretheusofgasoline forsinplificaion @ooonple, dicd artonnbile
usage in tlrc Tolryo nffiopolitan pvennrcrt area straes atrln?-U/o ofttB tml car usage. fu mos dicel
vdriclc fre nrcfitr tucl6 us€d fur trc t'anspqtdirn of goods, tlp strile of dicd atunobiles fa this

pusorrtip sndy rnus be nuch lower.)

4. ESTIMATION OF GASOLNTE CONST]MPTION AI\D DESIGNAIION OF GROIIPS OF
RESIDENITIALZOI\IES

To esinrae amrde gasolirre cons"uryion po capra in eaci residertial Dnq an adjufir€rf calorlaion is
oceq.Ied to ddermine the saion of a tip wtren an a.tonrcbile was used (alonnbile jounry) durirg rips of
more tl,an orre nrcde (mixed-mode u mixed-atonnbile tip$ As nrerlioned abore tlmgh the NPTS
providesvuy good qualitytip data based ontlre same onditiorg it does nct corminfornr*ion ooncunirg ttre

required tirne ald distance of each jcurney tlr* oomposes each mixed-nnde tip. In odrcr wcds, if a lq ofttm
tip included using an a-tonnbile it did rd mean tha ttn was tlrc only nrode used. In cdu uuds, it is
necessaryto odract tlter€al disance adtinrc W€rt inanartonrcbile on eadrmixed artonrcbiletip

This sudy adopts ttrc ero"action mdlod thd was futoduced W f'anigrcl4 Mu'akawa, ard Mqita (1999).

When ttrcrip is conposed ofatip by amnnbile ard on foo( frre disanoe ardtirne required bytlrc arlonrcb,ile
joumey re esimaed b, ,sing simuhaneous eqtr*ions in which tlre unlspum vaiables are disance of
ar{onrcbile jounry and distanoe of walking jorney of each mixed a-tonnbile trp. 99.3% of all mixed
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adonnbile rips re covered by this rr€thod to offrct ttp esirnated real disarrce ard tirne ryerf in an

artomobile.

Afterttre disanoe andtlrctime ryor in an arlonnbile have bear daifid tlrcquarrity ofgasolirr @n$mpion
of eaclr tip is esinmed usng the folowrng equaion (Kaneyasr ard K"arnizrmi 1972). x is calo:lted fiom tlre

rip disarrce rd tirne r€quire4 wtidr were obtained from ttrc NPTS.

Q1utt.1 =0.290x6r61+49-3 """''""'(1)

x : (vehicle ryeed)t

Meanwtrilg as ttre tctal rumber of residerrial rcnes in NPTS is as high as 1,96, t is noessary to desigDate

Gtaps {Rexfuml bBs fq &eoirve analysis. The draraaer of each residerfial zone, s.rtr as the locaioq
poplation dasity, lard-use oorrol, tanspqtrtion cordition, and disance from tire city caner, is o<amined as

indo< fiaors to designae grurys ofresidatial an€s Thble I sln/vs tlr d€tail of itans ard c*ryories ofttese
ficors. Consquarly, 138 gro.rps of residential zones re designatod, and each oftlrem indicac a vairy oftip
pattans Sresidert in each area

F"rgwe I *nuntlrerddonship HweenpofJation dersty ard gasoline consurpionin each nnuricipality. Ina
residertial ane scal6 tr'gurc 2 stnws tre rdaiorship bevr,eor popuhion dersity and gasoline oonstmption

As sen in this figure, populaion danity is also avuy imporam frdorin elplaining gasoline aons.unFion in

Japarrese residential zones. fu dris strdy considers only personral arlomobilejor:nreys, it is necessary to nctice

thd fie calqidd gasoline corrl'tmpion volunre d eadr zsre tends to be lourtr tlun tlre rue value. ft can be

corrcluded th4 if tlr figure foosed on pryrlation density, the digrbution paern of residetial zones in this

figrre could resemble tlrcresrlt byNewrunard Kenworttry (1989) and F.gurc f .

5. Methods and Resuls oftheModdAnalysis
On the cf,her hand Figurt 2 also indicaesttm te poprlation d€nsity is rntthe only fraorto eplain gasoline

cons:mption in each residerrial zone. If we look * zorres wtrre the populaion density is arurd 30 persorMn,

tlreir gasoline levels range from 5000c to l3mcc. To urrcover the inffuence of cttrer frdors on

gasoline mns:mptioq it is noessary to introduce the multiple regression analysis for tlrcse I 3 8 residerfial zones.

The dq€rderr vaiable (I) of the regession rnodet is gasoline oons.msion p€r apita Sweral types of
regression eqaions have beerr tesd and *rc following linear type nndd has tire beg fit and simplest type of
all:

Y:a1X1+${r+...'a,,,Y,+6 .............. .Q)

To build this modd, as nrany elplaratory variables as possible wereer<amined relatirgtorrban layo4 lard use

intensity, infrasructre oorditiorl and t"ansportaion oordition The explamory variables firully adoped afto
checking to arroid muhicollinearity are stnwn in Tabh 2. The exisence of a Sriow conddion bewean po'

capita gasolirrc consrmption ard pop,rlation dasity is not assrmed in this s.dy, as toal gasoline consumption

in each ane was rpt resEicted. Ilre paranreters and t-values in ThHe 3 *nw a dear inuge ofthe relaionSrip

beween urban layout conceming resider,tial zone dweJopment and arronrobile energr consrmfiiorl as

follows.

I ) In pite of otlro faoors ttm are taken into corsideraioq populaion dasity is sill tte mos significant fidor in
eplaining gasoline consrmptionby ar.rtomobile pe'capitain each residential zone.

2) Ifttre residential zone is located doser to the city center, gasoline consrmption rate decreases. Disance form
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Items Cateeories

C,tyType Csxral Citv in Me*ropolitan tuea (CCMA)

Satdlite Citv in Meropolian Area (SC\4A)

Cenral City in Lrcal Area (CCLA)

I-ocal City in L"ocal Area Gfl-A)
Land Use Urbanization Comol

AreaType
Urbanization Confol Area 25oh-5U/o

5U/o-75Yo

75%-
Residertial Type Low-treigtrt R€sidential Digia Use Wo-

ffi/o-Wo
Hgh and MdiurFtrcight Residerfiial District Use Wo-

ff/o-Wo
Cren€x'al Residential Disfia Use ffi/o-

Conm€rcratT,5e Neighborhood Commercial Disrria Use ffi/o-
Commercial Disrict Use 6U/o-

Indusrtal Type Ugh Indusfrial Disrict Use 6U/o-
Industrial and Exchsive Indusnial Disrict Use ffi/o-

Residernial{omnrercial lvfxd Type (Residarial Type: 6U/o-Wo)
NfxedUseType Mxed-UseResidential (I-argest: Resid€rtial-T],peOisrict)

Nfxed-Use Comnrercial 0-aree$: Commercial-Type Disnia)

I Nfxed-Uselndusuial (krges: Indusial-TypeDistria)
Popl*ion
Density

-50 (persorffia)

50-100
100-150

I 50-
Transportaion

Conditiorn
Dstance to ttre Nearest Station Near: -llsn

Far. llcn-
Freq:arcy of Train Service a the

Nearest Stmionpe'day
-114
114,-

Disance from
tlrCityCota

-1.6kn
l.6kn-5kn
5lan-

The Impact of Urban Layout on Automobile Casoline Consumption in Japanese Cities
-Urban Consolidation Based on a Residential Scale Analysis-

Table I Cfumcters of a Resllential Zone for Gmuping of Resilhirtial Zones

city cerrer, wlich t'arslae o<acly into oompaa residertial dazdopmat, is then fo:nd to be very significant.

This meansthatheo<eolion ofthe infill type dordopnrat is an dective court€rmeaslreto reducegasoline

consrmption.

3) Railway-corvenient zones in the local area have beor fourd to discou"age ar.tonnbile usage. On ttrc cornrary,

Railway-inconveniart rcnes in a sdellite ctty in the maopoliun area have been fo'rd to enoourage

automobileusage.

4) The city type thd each residential zone belongs to also affeos the gasoline consrmption rae sigificantly.
Bp€cially, iftheresidatial zoneis located inthe local area gasoline mnumption increases mmiderably.

5) Residential zoning ard rnrgtrborhood commocial zoningterd to increasegasoline cons.rmpion
6) Compound fictors occupy a very important place in this nrodd. Tlrey slnw not only the limitation ofthe
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Figurc.1 Population Density versus Gasoline Consumption

oerCapita (MuniciPal Scab f992)

t--.ti

0.0 s0.0 100.0 1 50. 0 200. 0 2s0. 0

Population DensitY berson/ha)
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Table 2 Defmition of Each Variable

Brplrmorv rr'ariables Definition

Population PopulationDersitv PersonMu

lncation Di$ance* from Citv Cerner Km

Transpota
tion

Conditiorn

Disance* fromBus Stop Disance berveen the certer oftle arB and tlp rrcaes
hssop(kn)

Sadlite City in Metrryolitar Area:

Railway-krcorvuierr
Dnnmy: Di$ance* to ttE neile$ railway staion is

nroretlran 2<nL u t'ain service d neare$ saion is less

than260 services per day

C€rrral Cib, in L,ocal Area:

Railway{onvenient
Dummy: Train sevice d n€re$ gaion is nrone tlun
160 servioes per day

Lncal City in L,ocal Area:

Railway{onveniern

Dummy: Distance* tohe rreaes railway saion is less

tlrm 2kq ad train service a neare$ $dion is more

ttran 90 services per day

CrtyType Cmu"al City in Metropolian Area Dummy: Citia designaed by sdinance m cities with
moretlnn one million pou:hion

C€fltral City in Local Area Dummy: Prdecn:ral capitals and cities with a
population of nnre ttnn 1 50 thousard

lrcal City in L^ocal Area Dummy l-ncal cities with a pop:laion ofless ttran 150

thotrsad (exciudins prefecnral capitals)

kndUse Residential Zoning D.unmy Zonesinufiich rcretlwrffi/o is assignedto

residertial use

Neighborhood Cornnt€rcial Zoning Dummy: Zones in which neighborhood commercial

useocceeds6ff/o

Ught IndusrialZoning Dummy: Zones in vrfricl llgt[ ird:srial use disric
o<ceeds 60Plo

IndusdalZorxng Dummy: Zones in whici indugial disrict use o<ceeds

ffi/o
Compound

Facon
rcLA + Lage Urbaniz*ion
ConrolArea

Dummy: Zrrlre t LCI-A in which the ubafrizdion
control area covers more than 5CPlo

CCMA or CCLR + I.-hbanizdion

CorrrolArea
Dummy: Zones d oertral cities in which ttte
urbanization control area covers between 25Yo and 5tr/o

Local Area+ Urbanization Conrol
Area

Drnmy: Znnes d. tre local area in which the

urbanization corlrol area covers between 25oh atd 5U/o

Mjomug Statbn + Hgh ard
MediunFheight Residential Zonitg

Dummy: Zones adjoining ttrc railway saion in which
hi$ and mediunrlriglt residerfiial disric use o<ceeds

ffi/o
Maopolian Area + Irfxed-Use
Residential Zonins

Dummy: Zrrrs t trc meropoliun aea with high
ponrlaion dernitv, ard mixedtse residerrial zonine

Non CCMA + Mxed-Use
Residerfial Zonins

Dunmy: Ilfixedtse residertial anirg (e<cluding

Metropolitan fuea + Ifxed-Use Residerrial Zonins)
M€fopolitan Area + L,ow-heigtrt

Residential Zonins
Dummy: Tanlrs t ttre mefopolitan rea in wtrich
low-heieht residential disrict use exceeds 9CPlo

tocal Area + tow-treiglrt
Residential Zonins

Dtrmmy: Tntes t ilre local area in which low-heigtrt

residential disfrict use o<ceeds 604
M€tropolitan Area + Adjoining
Staion + Low-height Residertial

Z,orins,

Dummy: Zarrs d the menopolitan area adjoining ttrc

railway saion in which low-height residential distid
use o<ceeds 60P%

*) All disunces are measned from the center ofeach residential zone
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Tabk 3 Facton that Affect Gasoline Consumption on a Residential Zone l-evd
Erylarntory Variables Standardized

Pararneer

t value

Porrulation Pomrlation Densitv 4.3y2 -5.26

l.ocation Distance from Citv Cerner 0.29 3.48

fraupsalon DisuncefomBus Stop 0.125 2.13

Sadlite City in Metopolitan Area

Railwav-Ilrconveniem

0.156 2.43

Certral City in L.ocal Area Railway-

Comreniat

4.107 -1.82

L"ocal City in tocal Area Railway-

Conveniern

{.085 -1.4

GtyType Cenral Citv in Maopolitan Area 4.177 -2.21

Certral City in Local Area 0 336 4.41

Lrcal CityinLocal Area 0.2u 3.16

I"andUse Residefltial Zonins 0373 4.38

Neidfiorhood Commercial Zonins 0.26 4.49

Uet[ Indusfiialzonine 0 168 2.33

Indi.srialZomne 4.222 -3.30

Compoud
FaCors

ICLA + L:rse Urbmization Control Area 0.152 2.47

CC]\4A u CCLR + Urbanization C.orrol

fuea
4.100 -1.62

Lncal Area + Urbanization Control fuea 0.154 2.6
Adjoirung &aion +Hgh and MediunFheight

Residential Zonins

{.109 1.89

M€tropolitan Area + Ivfxed-Use Residertial

Z,orfuE

4 t03 496

Non CCMA + MDrcd-Use Residential Zonirts 0.185 3. l5
Metopolian Arca + L,o$/-height R€sideotial

Zorirv.
-0.169 -3 06

l,ocal Area + I-ow-height Resid€ntialZonirg 0.1 30 2.40

M€tropolitan Area + Mjotnittg Station +
t ow-heiqlt Residerilial Zonins

41% -3.63

Segnent 8.65

Adiusrcd* 0.652

pdicy but also tlrc possbilities ofttre mmbinaion ofdifaut policies.

7) Fqr exanplq mixefuse r€siderrial aning is a very irta*ing fidor h a metopolian area mixed{se
residElial amng stnws a mins paanrec On ttB conray, in a rnrrmeropolian area mixedue residefitial

anirg irdicatc a plus pa'anrec Ttrese res.dts slnw tht the poeular idea ttm mixed use is dcirable for
transportationeilvirorrnentisnot alwaystug eryeially otrtsidethemetropolitan area

8) If some types of residential zones adjoin tlre railway saior', gasoline consrnpion bmmes much less. This

b also atypical exanple ofcompotud effeas.

9) Agglorn€rdbn of low-heiglfi residences *nws a diftrent effect beweur tlre maopolitan aea and tlp local

area In the case ofthe local re4 e<clusive agglonreraion oflow-heigtrt residarces terds to increase gasoline

consfiption.
The adjused R2 ofthis modd is greder than 0.65, ard tlre poformance oftire parameters is also sad$aory.

It is ir[oe$irg to compare t]rese fndirgs wittr findings by Newnran and Karuuthy (1989). Fin$, it is importan
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to notice thd it is impossble to orcoJte a sidoby-side oompaisor\ as this $.rdy is a residential-scale analysis

aiming to inprove a real gojec, and ttte ftnner $"rdy was a m*opolia+scale analysis. The mo$ imporarr

ditrerence is*nthis sudy mrld povide rrw infornudoq namely, thdurban densi6, is not the only fiaorto
influence gasoline @ns.rrption fu peviously oplained, it is neu,ty clarifid ttn nnny fiaors concuning

trban layot[ in t]re resider[ial ane scale hare sigrificarr inflr.rence on gasoline cons.u$ion If we consider

ruban consolidaion to redtrce gasoline mnsrnptioq these frcron nnrs also be mnsidered.

6.CONCLUSION
Based qr tlrc procased ard adjus€d Ndional Person Trip Survey (NPIS) in Japan, this $dy clarifid ttrc

rd*iondrip betweargasoline mnsmptionby atonnbiles ard ubanlayo* by calfuraing amultiple rqression

modd at ilre scale oftlre residential zone. Ttre findings ofthis research are as follows:

l) TtE resrt dtis $dy *Du6 dEt gsiirE wntrqrin by amnobile ccrrh be u,t[ qrolled by inpwlrg many

hn& ofdn'ms a eadr resitrrbl ryp.
2)Thbrmdrinrrogdesdrqrriaiwffias ofnwy ficascngs*reonn$lnatheresileriial aesle ftr

tE ft$ tinE Ladils rqrUin raryuain ccrdin ad irfzsm.re frxftirs ae irduded in tre fiffis TtE
traargre&rcunnUinofrflt1pereilalial dadcprrrbabocqffi.

3) Ihoqh a corpact uban layo4 nanrely, irtasity landqse ard infill dwelopma4 is clarifid to be a

sigrificarr fidtr in oplaining gasoline d each residential zong it is fourd tttd rnany otlre
fidors also have a very inportarr influence. Especially, it b fo.ld ta a urtinain ofquin unrenrrarre
msbewy&oire

4)[bdaifidt6srefros*rnvqrpcudfu IrrcdEr\rue, I pls I beconrsnrcretlrr2. TtEtyxcal
ecarrpleistlrcasdaralrraysaiautridrfrllscnhiglrard nndirnhigtrEileiliilanirg Intisr€Sed, nisals
inpumocuritaccniiirg@fi€nrEasres

, OntE drhm{ it btrc^,€dttr srE ccrrrnEas"rEsttrtndbeenbdie\,Edtcbe&di\e ftrtr redrdlrof
gadirE ccnsnsln ae rrt ahrdls ttr ary nue. Fcr eanpf, trt€h mix€d bd{s lnd bal bdiorcd o be

eftuiletoredregreonBcunrrpinltEr€srh *Elr 6t6firbbttrcrlyinnrtWoftmaeas

Fu fiuttrer sldy, it is necessary to arange tlrcse research findin$ into real guddin€s for residernial area

dwdopmar, like PPGI3 in England @n€nt ofttre Environmerr ard @arnert of lransport 1994).

Dwelopers of residertial areas ard decision nrakers shilrld be required to refer o this guideline. It is also

important tlut the tinre series daa and tlrc holiday data be added to this arallsis.

REFERENCES
Deparun€rt of the Environment and Deparnm of Transport (1994) PPGI3 (Planning polrcy guidance

Tirarsport), l,ordon: HMSO.
Hayashi Y, Ifuo, H, Ohornoto, J., and Sr"rgauara T (1995) E$inntion of redraion in CO2 emission by

modal shift poliry in urban passagu transport Infrastucturt planning rwiau, No. 12, 277-282.

Xaneyasr K ard Kanaiami A (1972) Kousnu lorgai (Iransportation pollution) Tolqo: Gjyittrstbin.
(in Japanese)

Nfinistry ofConsrueion (1993) The report ofthe /d National Person Tirip Suwey, Tokyo. (n Japanae)

Naess, P (1996) Worfphce locatioq modal split, and energr use for crmmuting trips, Urban Studies,

Vol.33, No.3.

Newmaq P ard Kenworfty, J. (1989) Crtix and Automobile Depordencq a Souc$ook Flampshire:

GowerTechnical.

TaniguclU M, M-u-alawa, T, ard Mdit4 T (199) Analysis on the reJationship beween urban c}araaers and

car usage based on pe'sonal tip drta, City Planning Roierv Specid Issue, No.34,%7-972.
Thomsorl J.M. ( I 977) Gtat citics and their tatrc, Vrctor Gollancz Ltd.

Roo, G. and Nfiller, D. (eds ) (2000) Compact Cities and Urban Dwdopmen( Astrgae.

Journal of the Eastern Asia Society for Transportation Studies. Vol.4. No.5. October. 2001




