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A N  A N A L Y SIS SY ST E M  W O R  IN T E G R A T E D
P O L IC Y  M [E A SU R E S R E G A R D IN G  L A N D 口U SE ,
T R A N SP O R T  A N D  T H E  E N V IR O N M iE N T  IN  A
M E T R O P O L IS

K azu ak t M iy am O tO an d  R u n g su n 十U d O m sri

l . In tro d u ctiO n

C irow in g con cem  ab O ut en viron m en t is strOn gly urgin g p lann ers an d p olicy
m akers of a m etrop o lis to  m ore exp licitly  care  th e  im p acts Of p olicy
altem atives On vario us aspects of en v iron m ent, S ince m o st aspects of u rb an
en v iron m en t can be regarded as extern alities of lan d―use an d tran sp ort, it is
ind isp en sab le to forccast an d evaluate ch an ges in en v iron m en t、vh ich seem  to
occur w h en P rOp o sed p o licy rn easures related to lan d―use an d tran sp ort,10 say
n oth in g of en v iron m en t, are im p lem en ted . In ad d ition , the p olicy m easures
sh ou ld bc an integ rated sct Of in strum en ts reg ard ing lan d

―use , tran sp ort an d
en v iron m ent,because m O re effectiven ess can be expected b y in teg ratin g such

p o licy m easu res, In oth er w ord s, integrated p lann in g an d iln p lem en tation
regttding lan d―use 4n d tran sp ort as w ell as en viro n m en t is rllo st n ecessary for
m etrop o lises, p articu lar in develop in g co untries w h erc dram atic ch ang es in
urb an structtre are occu rrin g (M iy am O tO an d U d o m sri, 1994 )。

T o rn ake the integ ration p o ssib le,it is req uisite to fOrrm u late an in stitutiOn al
set―up w h ich is really functional.H o w ever,w ith o ut effcctive tools for an aly sis,
it is iln p ossib le for related agencies to discu ss p o licies an d th eir im p lem entin g
m easures suffictently, becau se op tion s are so vario u s an d com p lex in th eir
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in teractio n s. A n  an a ly sis  sy stern  co v c rin g  ian d―u sc , tran sp o rt an d  th c
en v iron m en t is expected tO p ro vide the re 14ted agencies of a rn etrOp o lis w ith a
fo rurn  in w h ich they can d iscu ss p o licies an d their im p lem cnting m casu rcs
su b stan tially.

M any kin d s Of land _usc m odels an d tran sp ort m o dels as w ell as th eir
integrated m Odels h ave been develop ed to fOrecast th eir ch anges for variO u s

p urpo ses, an d  som e  Of thern  can  be  ap p licab le  to  fOrecast as far as
en v iron m en tal ch anges. H Ow ever,m o st Of thern h av e littlc co m p atib ility w ith
oth er m odels. It rn ean s that each m o del develop m eh t airn s tO b u ild its Ow n
siln u lation m ode1 0nly, an d n ot to utilise existing p rog ram  m o du lcs. In Oth er
、vord s,there h ave becn fe、v ideas of stan d ard isatio n in sirn ulation prog ram s Of
lan d _u se,tran sp ort and en virOn m en t ln o deis,S ince existing prOgram  m O du lcs
h ave vario us 、vays of in p ut an d O utp ut Of data,they cann ot be u sed as stan d ard

p arts 、vh ich cOn stitute a large sirm ulation system .
W hen  w e  prcp are  an  an aly sis  sy stenl fo r in tegrated  p lann in g  an d

irn p lem en tatiOn , the systenl sh o u ld cOn sist Of rn o d u les of lan d―u se, tran sp o rt
an d the en viron m ent. It w ou ld take a 10ng tirm e an d m uch cO st if 、ve try to
develop all the sirm u lation rn o deis on ly by Ou rselves.T herefo re,estab lish m en t
of a stan dard fOr other rn O dulcs is as im p ortan t as pro vid in g existin g stock Of

p rog ram  m o d ules w ith interface,to con nectthem  org an ically to th e sirn u lation
sy stem .F or th is p urpo se,w e sh o u ld set up a gen eral fram ew o rk fo r 4n an aly sis
sy stem  th at allo w s easy inco rpO ratiOn an d rep lacem en t of rno du les Of lan d―use ,
tran sp o rt,env iron m en t and ,rn oreover,an y sector of a rn etrop o lis,

T he OttectiVe Of the p rcsent study ls to dev elop a p llot systern to evalu ate
in teg rated  sets of p o licy m easures related  to  land―use, tran sp ort an d  th e
en v iron m ent in a m etrop o lis, w h ich 、vill con trib ute to estab lish a fOrum  of
related   govem m ental  agencies  fO r  th etr  integ rated   p lann in g   an d
im p lem cn tatiOn an d tO Fn ake it actually effective an d sub stantial.

In the f0110w ing part Of th is p aper, w e d iscu ss so m e of th e b asic cOn cep ts
fO r tle deve10p m en t of the an aly sis sy stem a ln th e latter p art, w e prop o se an
in teg rated m Odel of lan dぃuse, tran sp o rt an d the en v iron m en t for th e an aly sis
Sy StP「l by im pro v in g a land―use ln Odel based on R and o m  U tility/R ent-lB id d ing
A N aly sis (R U R B A N ) (M iyam OtO α α′, 1992 ).

2 . R eq u irem en ts fO r th e A n a ly sis T o o l

2.1 0 u tlin e of th e S ysterrl of L an d‐U se,T ran spo rt an d E n viron m en t

B efore building an analysis system , it is necessary to idcntify the issues
regarding iand_use, tran sport and thc env iron m ent in a m etrop olis. In th is
study,the system  related t0 1and―use,transport and the environm ent is graspcd
as show n in F igure l.In th is figure,land _u se as w ell as tran sport are com posed
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o f tw o elem en tsi m arkets an d goveHlrncntal agen cics. lt is assum ed  th at
en v ironm en t is an extem ality of bo th ian d―use an d tran sp ort an d th at it does
n ot con stitute a rn arket by itself,E n v iron nlent can be reg arded as n oth in g b ut a
situatlon of en v iron m ental q u alities m o st Of w h ich iand―use an d tran sp ort
detcrrn inc,T herefore, the trcatin cn t of en v iron m cn t in thc systern is d iffcren t
fro m  th o se of tran sp o rt an d land―use,H Ow ever,in a w ider sensc,it can be said
th at land―use, tran sp o rt an d the en v iron m en t con stitute a m arket, in sp ite of
th at there are a variety Of externalities in it. T h e m etro p olitan m arket h as
interaction s w ith  natio n al, intem ation ally  rcgion al an d  as far as g lob al

econo rnies an d  env iron m en t. P articu larly  for the  case  of en v iron m en t,

p o llutan ts as w ell as ian d cO ver ch anges in the rlicro scop ic lev el, such as

ern ission s frorll veh icles an d deforcstatio n ,affects th e g lob al en v iron m en t.
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an d T ran sp o rt M ark ets,an d ]En v iron m en tal S itu ation s in th e
M etrop olis
Sθ″rcc:M iyam OtO and U dom sri, 1994

T he govcm m ental agency in ch arge of th e rn arket is rn on itO ring its situation
through su rvcys an d stud ies.B ascd on th e stud ies,it rn akes a p lan an d selccts

p olicy rncasures for th e im p lem en tatio n of th e p lan un d er its resp on sib ility,If
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thc intcraction s betw ecn the agcncies are w cH coo rd in atcd ,th cy w ou ld bc ab le

to w ork efficien tly as if th ey con stitute a sin gle p lann in g an d im p lem en ting
organ isation .B ut th is is n ot the case in rn o st m etro po lises.In add ition ,even in

the casc of agcn c ies in ch arge of the sam e m arket,eith er ian d―usc or tran sp o rt,

it is seld om  the case th at th ey are w eli coo rd in ated ,to say n oth in g of th e case

of co ord ination betw een iand―use and transp ort agencies.m erefore,there are

such variety of p rob lem s th at the m o st effective policy m easu res are o ut of

op tion s becausc th cy are un d er pther the respon sib ility of an o th er agency an d

th at im p lcm en ted m easu res don
t
t 、vOrk effectively because th ey con trad ict

each other.

2 .2 1n teg rated S ets o f P o licy M easu res a n d A n aly sis T b o ls

B ased  on  th e  ab ove―rnen tioned  system  iden tification , on e  of th e  m o st

irn p ortan t issues is h o w  to adop t app rop riate m easures o r in strum cn ts th at

facilitate the im p lem en tation of p lan s.O n ly w ith app ro priate im p lem en tation

m easures, th e p lan can be tran siated into reality. lU sually, each of th eHl is

regarded as a sp ecific m easure fo r eith er ian d―use, tran sp ort or en v iron m en t,

alth o ugh it can also be a m easure,so m etim es a very effective one ,fo r th e rest

throu gh the interaction s. In add itio n , a set of p o licy m easures in in teg rated

p lann ing w O u ld be a co m b in ation of th ese p olicy rn easure elem en ts w h ich w ill

be prescriptive for th e m etrop o lls. 
′
「he con cep t o f th e integ rated  p o licy

m easures of th is stud y is sam e as th at of the in tcg rated strateg ies app ro ach

(M ay, 199 1) an d/Or rn an agem ent app ro ach in tran sp o rt p lann in g excep t in th at

the app ro ach of th is study covers as far as lan d
―u se an d th e en v iron m en t

explicitly.T he selection of p olicy ln easure elem en ts sh o uld be rn ad e by tak ing

the interaction in to con sideratio n ,S om e exam p les of p o licy rrleasure elem en ts

are listed in T ab le l.

T a b le l. E xalm p les of lm p lem entation  M easu re E lem en ts of L an d―U se ,

T ran sp ort and E n viron m ental P o licies in D cvelo p in tt M etrop olises

[R eg u la tio n ]

(1) B uS priOd ty / exclusive lanes

(2) U nleaded gasoline

(3) L and―U se zoning
(4) B uilding control

〔TaXatiOn /P ricing]
(1)VehiCle im port/purchase taxes

(2) F uel taxes

(3) L and―U se taxes

(4 ) D evelop m en t charges

[In V eStH len t]
1) P rO ViSio n o f road n etw ork

(2) P roviS10n of M ass R apid T ran sit

(3)Land developm ent/reattuStm ent
(4 ) H ou sin g D evelop m en t

にO peration]
(1) M aSS tran sit op eration

(2 ) A rea trafflc control

(3) F lexib le w orking ho urs

(4 ) O p en hOurs of shop s

[E ducation】
(1) C ar p o o lin g

(2 ) R id e sh arin g

(3 ) P rom O tiO n by m ass m ed ia

Sο″沼ci M iyam oto and U dom sri, 1994
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2 .3 A n a ly sis T b o ls

lt is 、veli kn o w n th at the interaction betw een land‐use and tran sp ort sh ou id be

takcn into con sideratio n in the p lann in g p rocess. Integ rated lan d
―use an d

tran sp o rt rn o deis w h ich dea l w ith both ian d‐use an d tran sp ort as w e il as the

interactio n betw ecn them  h ave bcen develop ed as desc rib ed in W eb ster c″α′

(19 88 ), H ow eVer, th ere h ave no t been m an y cases w h iCh em ploy ed such

in teg ratcd ian d
―use an d tran spo rt rn odeis in actual p lann in g even in deve

lo ped

COuntFieS. A n integrated m odel should be built in accordance w ith the

OtteCtiVCS of its appitcation.Th e m odel should ideally represent the universe

of iand―use an d tran sp o rt as b riefly as p o ssib le , so far as it satisttes the

req u irem cn ts g iven b y the o tteCtiVes.B ig ger m o dels are n o t necessarily bettcr

m od clst

ln  ad d itio n , p ro v ision  of  an  an raly sis  m od el w ith  un derstan dab le

presen tation too ls usin g com p uter g rap h ics,w ili pro m ote coo rd in ation am ong

go vcm m ental agcn cies in tlle stages of bo th plann in g an d im p llm entation ,

W ith  th e an aly sis to o l, こいey can d iscu ss on  the integ rated land
‐use and

tran sp o rt an d co w p are po ssib le op tion s of p o licy rneasurcs w ith each other,It

can be exp ectcd th at th is k in d of tech n ical dcvelop m ent is to brin g abo ut a

better in stitutio n al set―up . In add ition , a user
―fricn d ly an aly sis system  can

m ak e tt p o ssib le for bo th p lanners an d im p lem en ters to an aly se lon g
―rattge or

action P ian S R ex ib ly even in un certain fu ture frarrlew ork of a develop ing

m etrop o lis,

S illcc it takcs lo ng tirn e an d hu ge co st to b ulld an an aly sis systern w h ich

covers ian d‐use ,tran sp o rt an d the en v iron m en t,it is not feasible fOr each local

go v em m cn t of a m etrop olis to orig in ally develop it by itseif.口hereゃre, it iS

w orth w h ile  for  research ers  to  estab lish  an  m eth od o logy  to  pro v ide

m ctro pO liscs w ith a stan dard system  W h ich h as en O ug h flexibility to in stall

existin g  stock s  an d  futu re  develop m en ts  of  lan d―usc, tran sp ort an d

en v iron m ent rnod eis as w e ll as com p uter sy stem  function st

3 .B asic C on cep ts of A n a lysis S y stettl B u ild in g

3.l B ackgrolln d oF Syster l B u ild ing

軸 e adthors have been developing a land
―use/tranSport analysis lnodci nam ed

R U R B A N (R andom  U tility/R ent
―bidding A N alysis) by w hiCh iand‐use in a

m etropolis can be sirnulated by cOnsidering sm all units of iand.In addition,a

personal com puter support systcrll is aiso being devcloped to analyse p
olicy

altem atives w ith the m odel(M iyam Oto ビr aF,1992).T he System  is fully user_

持tendly and actually oper筑lonalⅢ T he system  em ploys sraphics as m uch as
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p ossible bo th for in p ut of p o licy altem atives an d outp ut p resentation、A lm o st

a1l op eration s arc done b y usin g rn o usc th ro ttgh conversation w ith the system .

A lth o ugh thc p rescnt study is an adv anced vcrsion in th e co ursc of R U R E!A N

develop m ent, it em p loys new  concep ts fo r system  b u ild in g as w ell as m o dc l

develop m en t.

3 .2 B asic C o n cep ts fo r S ystem  D evelo p rn en t

W e in ten d to pro vide a general fram ew o rk for an integ rated lan d
―u se ,tran sp ort

an d the en v iron m ent an aly sis sy stenl w h ich is feasible to be bu llt even in

develop in g cO untries. Th e p rincip les for th e sy stem  dev elop m en t can  b e

su rllln arised as follow s;

― to rn ake a p rototype of systern th at can be easily in trodu ced alrn ost

everyw h ere
― to rn ake th e sy sterl ab le to deal w ith an integrated p o licy m easures
― to m ake th e systern user

―frien d ly
-
 10 rn akc th e system  flexib lc for existin g stock of rn o dcls
― not to stick to o ur ow n rn odel but to p rov ide it as onc o f altem ativ e

m odels

3 .3 S ysteH l S tru ctu re

T hc con cep tu al fram ew ork Of the sy steHl is rep resen ted in F igu re 2 . 恥 ゃ
system  is desig n ed un der the con d ition th at it is b u llt in th e en viron m en t of

M icrosoft Vヽ in d o w s 3 .1. G raph ical U scr ln tcrfacc (G U I) an d D yn am ic D ata

E xch ange (D D E ) are the fu nction s of W in d o w s 3 ,1. T he reason s w h y
W in d o w s 3 .l is sclected for the sy stem  develop m en t are as follow s; (1)

app lication p ro g ram s can bc sh ared w ith a stan dard inp ut/o u tp llt intcrfacc,(2 )

it is on e of th e m ost p o pu lar operation sy sterlls, (3) it can be Op erated un der

personal com pu ters w h ich are availab le at an y p laces, (4 ) th e sy Stem  h as h igh

p o ssib ility fo r furthcr d cvelop m en t.

3 .4 F u n ction s o f th e S y steH l P arts

G ra p h ical u ser in terface

S ince land…u se an d tran sp ort as w ell as env iron m en t are all essen tially sp atial

m atters, it is in d isp en sab le to fully m ake use of adv an tag es of graph ical user

intcrfacc. G rap h ical U ser lnterfacc  is n o w  read ily  availab le  in  so m e

G oograph ical lnform ation S y stem (G IS ) an d alsO easily develop ed orig in ally
un der W in d o w s sy stem . ]巳ven  w ith o ut such  to o ls, orig in al G U I can  b e

relatively easily p rOvided (M ty am oto c″α′, 1992 ).
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F ig。2 .T h e C oncep tual F rarn lw ork of the A n aly sis S y stem

ln teg rated p o licy IIleasu res

V ariou s p o licy m easures sh o u ld be in teg rated ly an aly scd in th e sy stem .恥 e

inp ut m eth od sh o u ld be also u ser frien d ly w ith G U I.

O rig in a l d a ta b a se

O rig in al data base can take an y forrn ;fro El eStab lish ed G IS d ata b ase to a n le

of existin g data. 軸 e forrn can be selected by tak in g into con sideratio n th e

availability o f both h ardw are an d soft、vare .

O u tp u t p resen tatio n

T he sam e as inp ut of po licy altem atives, o utp ut p resentation sh o u ld b e also

user―fFiend ly w ith th e help of G U I.
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S irrlu latio n d ata set

T h is is one of th e m o st im p ortant p art of fhC Sy stem .T he sirn ulation data set

m ean s
''
a m odel of th e m etrop olis for sirn u lation

''
. Th e data set rep resen ts a

silm ulation w orid of thc rn etrop o lis.It contain s all d ata w h ich are n ecessary for

ian d―use,tran sp ort an d the en viron m en t at a leve l of an aly sis un it,E ach rn o del

w ili m ake 
tt
the intcraction s through thc sirn ulation m ctrop o lis

"
. Th e d ata of

lan d―use,tran sp o rt, an d the env iron m ent by year are alw ay s up d ated th ro u gh

D yn am ic D ata E xch an ge function .

D y n an lic d ata ex ch an ge Fu n ctio n

T h is is on e of the function s w h ich th e W ind o w s sy stem  orig in ally p ro v ided .

E)D E  alw ay s up d ate land
‐use, tran sp o rt an d th e en v iron m en t data w h en th ey

are ch an ged b y IIlodels.

D ata con verter

D ata converter h as a function to con nect siln ulatio n d ata set an d ap p lication

m o dels, E xistin g p rograF i m O du les h ave th eir ow n in p ut an d outp ut d ata

layou ts. In the case of the land huse m odel, data con verter gets lan d
―u se d ata

an d exp lan atory v ariables for ian d
―use ch an g es,and p rocess them  to th e in p ut

data layout of the m od el. A ftcr a calculation , th c m odel ou tp uts ian d
―u sc

ch an ges,an d the ch an ged lan d
―use data are tran sferred to the conv erter.軸 en ,

th c ch an ged data is again tran sferred to sirn u latio n d ata set.

M o d eis

E x isting prograrll m od u les can be incorporated in th e sy stenl w ith out an y
m o dification . Th e sy steHl ls com pletely in depen dcnt fro rn the ap p lication

m odels. 
″
Therefore, an y  avallab le m odel can  be ad ded  to  the system . In

add ition , P lu ral n um ber of m odeis w h ich sim ulate the sam c su ttect, fOr

exam p le so m e differen tland―use Fn O dels,can existin thc sy stem .軸 e selection

Of the Fn Odels fo r siln u lation is ln ade by thc sirn u latio n defin ition b atch filc .

S irm u latio n b a tch rlle

S irn ulation b atch  file is an executive file to contro l w h o le sim ulatio n , It

defin es sirm ulation  period s an d  step s, selection  of m od u les, seq uen ce of

m odule execution,judgem ent of sim ulation end.The operator can define in
the file how  land―use and transport are interacted in the siln ulation .T im e lags

and leads are also defined in the statem ent of the file.

4 . B rief E x p la n a tio n o f th e R U R B A N  M o d el

4.l A ssum p tion s an d B asic C on cepts

ln th is part, a land―use m odel based on R andom  U tility/R ent―B idding
A N alysis (R U R B A N ) (単1lyam Oto 夕″α′,1992) is built iS briefly exp lained .
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T h is study d iscusses ian d
―usc an d tran sp o rt in a lirn ited m etrop o litan area,

w h ich is hereafter called th e
'l
study area

n
.T he stud y area ts assum ed to be a

clo sed ctty,w h ich rn ean s th at th e dem an d for location is g iveh fro rn outside th e

m o del, T o deal w ith th e lan d m arket sirm p ly an d con ven ten tly, every zon e in

th e study area is assum ed to be ow n cd by its o w n im ag in ary lan d ow ner an d

th at every locato r pay s th e rent to the land ow ner.

T o seg m en t th e dem an d  side in  th e land  m arket, locato rs, w h ich  are

travellers in the case of tran sp ort rno dellin g , are classiS ed accord in g to th etr

ch aracteristics into a lirn tted n um ber of locator gro up s.恥 esc gro up s rcp rescnt

discrete op tion s in th e ran d o nl ren t
―b idd in g an aly sis. T he supp ly side of th e

lan d ln arket is seg m en ted b y aggreg ating in d iv id ual sites into zon es b ased on

location al con d ition s. T he zones are regarded  as d iscrete op tion s in  th l

an alysis o f location ch o ice w ith ran dom  utility.

In th is stud y, the lan d m arket is grasp ed fro rn tw o vicw p oin ts of locato rs

an d sites.If a locator ch o o ses a certain site,itiln p lies th at the site rn u st give th e

locator the h igh est utility com p ared w ith altem ative sites.O n th e oth er h an d ,it

also in d icates th at th c locator m u st b id th e h igh cst ren t am on g altem ative

locators at the site . A t the level of aggreg ated iocato r g ro up s an d zon cs, th c

m arket can also be sirn ilarly exp lain ed , alth o ugh p rob abilistic con sideration

sh ou ld be introd uced to rep resent the coex istence of a n u rnber of locators of

vario us group s in  a zon e w h ich  con sists of a n u m ber of site s. 1しocators

belon g in g to a g ro up are d istrib uted in zoncs in p ro p o rtion to th O p rob ab llity of

each zon e to g ive the g ro up th e “igh eSt utility,
″
rhe area sh are by locator gro up

in a zon e is also p rop o rtion al to the p rob ab ilities th at th e locator group b id th e

h igh est rent at th e zonc.袖 ese prob ab ilities are ob tain ed by lo git rn odels in

R U R B A N . T he intr6duction of p rob ab ilistic term s in R U R B A N  follow s th e

assu m ption s w h ich m o st ap p lication s of th e lo g it m odel em p loy (B en _A k iva

an d L erm an , 19 86 ).A t th is level of m o dellin g ,
''
th e ren ts in all zones

'9
 an d

・・
the

levels of utility of all locator gro up s
W
 are in disp en sab le in th e form er an d th e

latter exp lan ation s,respectively.

In th is study,it is assum ed th e existence of a state of gen eral equilib riu m  of

lan d m arket w ith in th e stud y area. Th e state o f gcneral eq uilib riu m  can b e

obtained thro ugh eith er eq u ilib riu m  ren ts of all zon es o r equ ilib ttu m  levels of

utility of all locato r gro up s,since th e deterrn in ation of the form er b rin g s ab out

the settlem en t of the latter an d vice―versa as is exp lain ed in 4 .5 .T h is gen eral

cqu llib riu m  is dcfined in th is study as th e casc th at th e dcm an d for location of

a locator gro up in a zon e is eq ual to th e lan d sup p ly of th e zone to th e lo6ato r

group for all p airs of iocato r gro up an d zon e w ith in th c study area.恥 c lan d

used by a locato r gro up in a zone is called dem an d ,an d lan d offered by a zon e

for a locator g ro up is called supp ly.T hey represen t n o t on ly new ly gen eratcd o r

flo w  values b ut in clu dc th e total distrib utio n of locato rs or stock valu es。

T hcrefore, such areas w h ere h ou sin g un its are b u ilt b ut n ob ody is liv in g are

rcg arded no t as residential areas b ut as vacant o r n on
―u sed areas in th is rn o del.
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T he m odel deals w ith on ly actual use o f lan d ,

4 .2 D elm an d fo r L an d D erived fro m  R an d o m  U tility A n aly sis

軸 e am o un t of iocatlon of a locato r g roup in a p articular zo ne depen d s on th e

co rresp ond in g utility in that zone w h ich is rep resen ted by a 
t'
rep resentative

''

in d irect utility. T h e in d irect utility,、vh ich is the m axirn um  utillty th e locato r

can attain  in th at zone, is assum ed to  bc d istrib utcd  ran d o rllly aro un d  a

rep resen ted utility by fo l10w ing the assum p tio n of th e log it rn od el.A ll locato rs

bclo ng ing to a gro up are assum ed to locate them selv es in th e stu dy area 、vith

an eq ual lcvel of utility.T h e sam c lcvcl of utility is o btaincd as a p rob ab ilistic

exp ectation  of the m axirn urn utility, w h ich  is g iven by so
―called log sum

function , for ali zones. T he dem an d functio n of a locato r g ro up for a zon e is

th en defin ed as a prob abllistic exp ectation of thc dem an ded area w h ich is

g iven by the nu m ber of locators of thc gro up allocated to th e zone m u ltip licd

by the am ou n t of lan d u sed by a locator of th e g ro up in the zone .恥 e forrn er is

g iven  by the lo g it m o del an d th e latter is en do gen ou sly obtain ed  b y  an

equ ation b ased on the A lon so rn o del (A lon so , 1964 ).

4 .3 S u p p ly O f L an d D eriv ed fro m  R an d om  R en t‐B id d in g A n aly sis

ln  the R U R B A N , the total area of avallab le lan d  in  th e stu dy  area is

exogen ously given to th c m odel, It rn can s th at th e supp ly of lan d is rig id . In

add itio n ,th e su pp ly of eith cr floors o r b u ild in g s is n ot exP licitly con sidered .

T he su pp ly of lan d of a zone to a locato r gro up in the R U R B A N  is deterrn in ed

accord in g to its b id―ren t cOm p ared w ith oth er g ro up s
'
b id―ren ts as follo w s. A t

each site in the study area, the existin g lo cator is bidd in g th e h igh cst ren t

w h ich beco m es the actual rent. Tttlis m ean s th at th e irn ag in ary lan d O w ner

supp lies th e site for th e m axirn um  b idder at th e m ax irn um  b id―ren t. H o w ever

th erc are a n u rn ber of sites in each zone, and th eir ch aracteristics arc n o t

necessarily the sam e w ith in thc w h o le zone .軸 crefo rc, it is assum ed th at th e

lan d  in  cach  zOn e  is sup p lied  to  locator gro up s accord in g  to  th eir
''
represen tativc

l'
 b id―ren ts at th e zon e. T h e sup p ly functlo n of a zon e for a

locator gro up is g iven as an exp ectatio n obtain ed from  th e p rob ab ility th at th e

locator group is the highest rdnt―bidder in the zonc,ThcゎrObability is given by
th c ran dom  ren t―bid d in g an aly sis (E llick son , 19 8 1)。

4 .4 S tru ctu ral E q u atio n s o f R U R B A N

T hc follow in gs arc the structural eq u atio n s of R U R B A N . Th ey are derived

un der the con d itio n th at thc dem an d an d th e supp ly cxp lain ed in th e p rev io u s

parts are cq ual (IW iy am o to an d K itazu r le , 19 8 9).
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:lo cation con dition s (eXCept ren t):(χrsl,.., χrSた,...)

:p aram eters fo r io cato T gro up た(α′1 ,…,OCrた,…)
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:th e n u m ber of availab le sites for th e use o f 10cator gro up r in zone S

i th c level of utility o f locator g roup r

i the representative rent of zone S
: a p o sitivc scale p aram eter of ind irect utility function in  iOcation

ch o lce

o   :a p o sitive scalc p aram eter of bid―ren t function

A/r :th e n um ber of in divid ua1 locators b elon g in g to locator group r

A s  i av ailab lc area of zon e S

伊.s ith e rn easurc of h etero gcneity of in d iv id ual iocato rs in locato r gro up r

an d in d iv idu al sites in zone S

O /  :a p aram eter of locator g rOup √

E q uation (1) rep resents an in d irect utility 9f a 10Cator g ro up r in a zon e S ,
E q uatio n (2) g iveS thc am o un t Of lan d uscd by a un it o f th e group in the zon e
w h ich  is in vcrsely  p ro po rtion al to  rep resentative rcn t of th c zOne. T h is
functiOn im p licitly rep resen ts m u ltisto ried u scs o f lan d in a h igh lan d p rice
area.E q uation (3) sh o w s the n u m ber of availab le sites for the u se of th e g ro up
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of all utilities of the g rO up in the study area,F in ally,eq uatio n (6 ) rep reSen ts th e
rep resentative rent in the zone w h ich is a lso a log su rn fun ctio n .T he latter tw o
functiOn s g ive key values w h ich deterin in cs the gen eral cq uilib riu m  of th c
lan d m arket as exp lained before.                             

‐

4.5 S truclu re of R U R B A N

F igure 3 shOw s the general structure of the R U R B A N  m odel.恥 e R U R B A N

鮮鶴昭欝撚鞣鉛堪路離器撤縦
躙 :器1品i濫鱒品瑠t∫替塩盤ぱ粧混緒la温塩私ど惟胡酔
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convergencc, the area of 10catOr r in zone S obtained by random  utility
andysis,which is reprcsented as Φtt h the ngure,should become equ】tO
the area Φtt obtttned byrandom rent―bidding andysis for all pairs Ofr and s.
Then,they can be regarded as those in the state of general equilibrium.

In order to obtain both Of theHl,the lan d m arket sho uld be m odelled w ith

鞘1撚私側掛把v摺漁i品桃盟t'a送猛ど撒
r
だ品斉詔

naturally becOm e th o se th at are in the state of th e general eq ullibrium .As Figure 3 shows,the stRICture of RURBAN consists Of twO ttnds Of
鞘監鮒i総 辞苦e盤濫f告岳撫緒総ユt精協::拶

neral
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m o dels is th at th e am o un t Of area u sed by a un it Of io cator in each zon e is
en d ogen ou sly ob tained in th e R U R B A N .
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F ig .3 . T h e P artial E q uilib riu m  in L ocation C h O ice of L ocator C iroup s, th e
P artial E q uilib rium  in L ocation C h oice at Z On es an d th e G en eral
E qu ilib rium  o f the L an d―U sc M ark et in R U R B A N

5 . A n ln teg ra ted  M O d e1 0 f L a n d ‐lU se a n d  T ra n sp o rt w ith

E n virO m m en t

S.l T h e A p p roach

軸 e m ain part of the analysis systern is an integ rated iandausc an d tran sp ort
m odel. In th is study, R U R B A N  m odel has been  iln proved tO represent
tran sport m Ore explicitly. In  th is iln provem ent, it is intended  to  keep
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consistency between land_use and transport. Thc iinproved model can be
酬 淵 品A梧!占鱒替協艦tぷf札と こ!桃ご濫s盟
ゑぷ3納孟結‖猛:脳!革

S
縄∬温∫i借stt

a
鳳描協i私臀淵!use,transport and the environmentin a rnetropolis shOwn in Figure l.

F ig .4 .Th c s tructure of A n lntcgrated L an d―U se,T ran sp ort and E n viron m en t
M od el

恥 e R U R B A N  em p loy s aggreg ate 10 g it m od el structu re as describ ed
before. T he im p ro vem ent is bein g don c alon g w ith the sam e structu re . 軸 e

路 縄 I

S

t t i鑑1拝i潜 号群 棚 ゴ督

1

協盟 s盟 1 :皆f ;船 岳撚 鮮 督盟
theoretical back g ro und Of th e R U R EIA N ,can con sisten tly deal w ith the cases
in 、vh ich un its fO r an alysis are eith er ag greg ated or d isag g reg ated ,

曲鮭 辞漁 骨.
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hierarch y  in  decision―rnak ing  ch ain  startin g  fro m  10cation  ch o ice  an d
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d e stin atio n ch O ice in  lan d―u se lev c l, tO  m O d e ch o ice an d  ro u te ch o ice  in

鮒艦占汽を経辮器:嗜猟航8掃檻鞘鮮品雅歌踏結鮮鴛
th e hierarch ical concept,In the case of resid entia1 location ,destin atiOn ch O ices
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trav c llers.

5。2 C hoice T ree and L ocation U tility

雛:品:絆濫古盟路T糾21i』f¶錯掛苫鮮甜臀燃淵と
residen tial locato r g ro up .Th ere are fo ur categ ories in location con d itio ns.T h e

錨 蹴 謎 堀 縄 督襴 :艦 路 韮
tran sp ort cOn dition s, w h ich are also exp lained by th e nested tree structure
sh o w n in F igure 6 . T h e secOn d categ ory con sists of th e ch aracteristics o f th e
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!t
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o f the zOne in th e R U R B A N .
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destination (e)

E xplanatOry

V ariables

X e

m odes (m ) X m

ro u tes (r)     rl

F ig .6 .A ccessib ility of Z One S for P u rpo se P  an d of L ocato r gro up I

T h e ch o ice tree structu re of tran sp ort sh o w n in F ig ttre 6 con sists Of a
destin atio n , m ode an d rOute ch o ice h ierarch y. In the case of co Hlln erctal
location ,the top ch Oice level is no t destin atio n b ut o rig in ch O ice, becau se th e
accessibility m ean s the size of the p op ulatiOn in th e h in terlan d w h ich  are
discoun ted by the tran sp ort con dition , H Ow ever, for the con vcn iもnce  of

酷撫 盤 母と鮭 鮮 品 ぷ 鮮 :鑑培88 s撤 乳 !税.

m e ch曲 げ 挺ぃ 軸 ト

In the level of m ode ch O ice,it also in clu des type of veh icles as w ell as oth er

麒 艦  播 艦 錯 靭 総 翻 拶

維

R eg ard ing route ch oice, each route con sists of so m e link s as sh O w n in
F ig ure 7 ,In add ition ,each lin k is gen erally sh ared b y som e rOu tes.In order to
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A lso in th is im p ro vem en t of the R U R B A N , th e b asic concep t of th e m odel
con sists Of bO th ran d om  utility of th e locatOr g ro up in 10cation ch O icc an d
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ran do rn rcn t―b idd ing in iocato r ch o ice o f the zon e.T he top level of beh av io ur

is iocation  ch o ice . T he b id―rent function  can be derived from  the utility

functio n since they h ave du al relation betw een each other. T he structu re of

locator ch o ice is sh o、vn in F igu re 8 .

S
'
″′
′′′帆tt′

     vc= Ⅵ(Q c)

Q .= (Qを,....・・,(ぜ,....)

2r =ΣΣ Σtt
r

S   で r(C∈r)

Fig.7.A ccessibility (Q c)and service level(vc)

R andom
R en t…bidd ing

R and om
U d lity

F ig .8.L ocators C hoice in Z one S

5 .4 F o rm u lation

B ased on the above―Elentioned exp lanation, the follow ing equation s are

derived to represent land―use,transport and the environm ent,D enotation s are

‐
　
側
↑
側

ｒ

　

Ｂｒｓ＞

↑

ｕｒｓ＞



276

as fo llo w s,
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th e locato r g ro up

the zon e

lin k

route

m Ode (in clu din g type of veh icle)

destin ation

(trip/COm m un icatio n ) p urpo se

」ご,J r,J れ,υで,t/∫:utilities for link ,rou tc ,m ode ,destination an d locatin g

μr,μれ,μで,μざ

z o n e

po sitive scale p aram eters of ro ute , In ode, destin ation

an d locatin g zon e ch o ice

αれ,OCで,Otざ       :p aram eters fo r rllode,destin atio n an d zone ch o ice

χれ,X で,X ざ    t exp lan atory variab les for m od c, destin ation an d zon c

ch o lce

cost function

serv icc level of link ご

con d ition of link c

trip p ro duction of locator gro up r fO r p u rpo se F, fro Hl zon e S

trip p ro duction rate of locator r fo r p urpo se β

n um b er of iocation of iocator group r in zone s

assigned trip s locator g ro up r for p urpO SC P  fOr rO utc r

total assigned trip s for rou te r

serv ice level function

traffic vo ldm e of rn Ode ,切in link ご

env iron m ental in d icato rs (veCtOr) in zon e s

estirn ation function of en viron m en tal in d icato rs.
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O = [2汗]

Oc= [0ご)]

R eg ard in g th e ch o ice tree, it is un derstan d ab le to trace fro m  th e b ottona to

th e top .Th e u tility o f rou te r can be exp ressed b y th e su rn rllatioh of th e u tility

of each link こ:w h ich con stitutes th e route as sh o w n eq u atio n (7 ). T h e utility

function of th e lin k c can be rep resen ted b y th e co st fun ction of serv ice level

an d lin k con d itio n as equ ation (8)。
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」/=Σげc

」ご
= C (ツc,冴ご)

恥 e ch oice prObab ility of ro ute r is exp ressed

con dition th at iocator r, locating zon e S , pu rp o se

an d m ode 〃, arc g iven .
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(8)

by equation (9), un der the

of trip and destin ation P /ビ,

７

PrOb (I,S ,P /e,m lr)=
eXP←′」r)
ΣeXp←/」メ)

F o llow in g th e ch O ice trcc,thc ch oice p rob ab ility an d utility of rn ode ch o ice
are exp ressed as equ ation (10 ) an d (11). T he utility of rn od e れ cOn tain s a
log su rn functio n O f utilities o f ro utes w h ich b elon g to it.

PrOb (I,S,p /el m )=
eXp (|ユれこ/れ)

ΣeXp←″」ガ)

９

In th e lev e l o f de stin atio n ch o ice , it d ep en d s o n  th e trip  o r co m m u n icatio n

p u rp o se 〃. S am e as th e p rc v iO u s dc riv atio n , c q u atio n s (12 ) an d  (13 ) are
derlv ed .

PrOb (I,Si p /e) =
eXp (μでL/2)

ΣeXp←夕」ど)

υれ=α″χ初+上TΣ
expμrυ″

」β=αメビ十
瓦「

hΣeXpμ″」れ

(10 )

(11)

(12 )

(13 )

景麒縄器揮縄鑑盟穂盤裾!檎舗
総辞器這登品簿,盤盟帯1群程枇獄諾‖古督;ま督岳ギ艦

m ttnCti°N
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eXp (μ」パ+ in L /s + in ッ′s)PrOb (IIS) =
(14 )

(16 )

(17 )

(18 )

ΣeXp(μ」ぼ十hとが+in〃rF)
S
t

υrs=的χパ+琴訪
httexpμ′」ゴ

ーαだ塔

7gs――字πれ/ざ

字t密=7gs Prob(I,S,p/e,m ,lr)

ピ=ΣΣ Σttr
S  2 r(ごC r)

ツc= y(島,4 )

５

A s for th e calculation of travel dem an d , trip p rod uction is calcu lated by
equ ation (16).T h en trip s assign cd to rou te r is calcu lated by equ ation (17).B y
su Hlln ing up the trip p rOd uction o ver p叫rpO Ses an d lo cator group s, assign ed
traffic vo lu m e for ro ute r is ob tained b y equ ation (18).

″
挽

β

ｒΣ

β

Σ

／
〓解

軸 e serv ice level of cach lin k is deterH lin ed b y th e total traffic vo lu m e in it
w h ich is ob tain ed by eq uation (19) (See F ig ure 7 )。

'
The Serv ice levc1 0f link c is

dcterrn ined b y th e function o f eq uation (20 )。

(19)

(20 )

In  the  fin al stagc , the env iron m en tal in d icators are estim ated  by  the

en v iron m en tal m o del fu nction o f (2 1).

E ∫= E(v,Q ,n) (2 1)

5 .5
'
r h e S tru ctu re o f th e ln teg rated M o d el

O n ce ag ain see F igu re 4 w h ich sh O w s th e w h o le structu re of the integ rated
m o del.軸 e land tu se d istrib ution (4rs ) iS nOt On ly ou tp ut of the rn odel b ut also

in p ut as the attractiveness of destin atio n , In th e lan d‐usc m odel (R U R B A N ),
iteration is n ecd ed to get to a con vergence. A lso in th e tran sp ort m odel,
tran sp ort serv ice level (ッc) iS bOth in p ut an d o utp ut of the m od el, S o m e
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iteration are necessary before reach ing to a convergence, In add itio n , as a

w h o le m odel system  of the integ rated lan d
―use, tran sp ort an d en v iron m en t

m o del,iteration processes of a larger circle are necessary for a conv ergence of

the total system .

T hc iteration  of th e w h o le  system  sh o u ld  start fro m  th e eq uilib rium

situation ,th at is th c p o in t o f con vergence ,of th e p rev io us period .

6.C onclud ing R em arks

T■lis p ap er b riea y describes the basic con cepts of the analy sis sy stem  w h ich

w e are n o w  develop in g o S ince the concep tual system  build in g g oes n rst, w e

m ay b e facin g several issues w h ich w e h ave to reso ive in the develop m en t of

th c p ilot sy stcm . In add ition , rcg ard in g the devclop m cn t of the integratcd

m odel, som c dev ices w ill co m e to be in d isp en sab le to attust th e theo retical

m o del w ith actu al situ ation s of lan d ttu se ,tran sp o rt an d the cn viron m en t.D ata

availability m ay urge th e develop m en t to ad d som e assunnption s an d special

treatrnent of p aram eter estlln ation .
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