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A　Study　on　the　Opsimum　Size　of　a　City

Hirozo OGAWA“　and　Hideo　IGARAS｝｛1＊；”

　〈Received　March　20，　1973）

Abstracも

　　　　The　overconcentration　of　population　centered　around　metropolis　areas　and　the　out－

flow　from　small　local　cities　ac　nd　villages　over　recent　years　have　been　upsetting　the　balance

of　the　living　environment　for　man，　causing　various　social　problems．　These　are，　destruc－

tion　of　the　ecological　balance，　air　pollution，　health　impairment，　alienation　of　human

relationships，　increase　of　traflic　accidents，　and　others．

　　　　This　study，　in　analyzing　the　factors　that　infiuence　a　city，　especially　from　the　point

of　view　of　the　population　concentration，　intends　to　discuss　the　optimum　size，　and　environ－

ment　o’f　a　city．

　　　In　forming　the　optimum　size，　the　concept　of　urbanization　index　is　applied．　This

index　indicates　comprehensively　the　degrees　of　the　urban　growth　and　development，　and

consists　mainly　of　the　functions　and　the　environments　of　a　¢ity．

　　　In　this　study，　the　method　of　the　principal　axis　factor　analysis　is　applied　to　the　func－

tions　and　the　environments　of　46　cities　which　are　the　local　government　seats　of　in　Japan

up　to　1968，　and　as　a　result，　it　has　become　ebvious　that　the　following　three　factors　are

dominant　in　order　to　apply　the　urbanization　index．

　　　　　　　　　　Primary　factor：　agglomeration　index

　　　　　　　　　　Secondary　’factor：　facility　density　index

　　　　　　　　　　Third　factor：　industrial　structure　index

　　　　In　the　second　place，　37　variables　to　be　mentioned　later，　are　classified　into　two　groups

with　the　method　of　the　factor　analysis　：　one　group　with　24　positive　composite　variables，

and　the　other　with　13　negative．　The　fermer　indicates　the　agglomeration　index，　whereas

the　latter　expresses　the　space　index．　Thus，　assuming　that　the　optimum　urbac　n　environment

may　be　defined　as　the　junction　point　on　which　the　above　two　groups　of　the　composite

variables　come　to　nteet　at　a　well　balanced　co－existance，　it　may　be　deduced　that　the　opti’cal

size　is　400，000　in　population，　and　／，600　persons／km2　in　population　den．sity；　the　density　is

the　mean　of　the　resident　district　with　tlie　biggest　density　and　the　fringe　urban　areas．

　　　It　goes　without　saying　that　the　apporopriate　urban　environment　cannot　be　obtained

by　such　quantities　as　size　and　density　of　population，　and　itself　evident　that　the　qualities

and　placements　of　urban　facilities　or　the　socialstructure　are　the　decisive　elements．

　　　Therefore，　this　study　is　a　mere　tentative　suggestion　for　the　better　understanding　of

the　optimal　size　of　a　city．

1．　Selection　of　the　urbanization　iAdex

　　　　The　urbanization　index

ments．

consists　of　the　urban　functions　and　the　urban　environ一・

；t；　Civil　Englneerlng　Department，　Faculty　of　Engineering．
＊’：‘　clo．



314 Hirozo　OGAwA　and　Hideo　IGARASHI 2

　　　　The　urban　functioR　consists　of　the　following　three　items　；　the　population　struc－

ture　index　which　is　the　foundation　element　of　a　city，　the　information　management

index　which　controls　the　nerve　and　brain’of　a　city，　and　the　economic　accumulation

index　that　indicates　the　economic　potentia1ities　of　a　city．

urbanization
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Fig．　1．
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Structure　of　the　urbanization　index．

　　　　Here，　the　urban　environment　is　divided　into　seven　items　；　the　structural　safety

environment　index　which　indicates　the　degree　of　safety　and　facilltles　of　transporta－

tion，　the　environmental　indices　of　the　consumer　economy，　hygiene，　education　and

research，　leisure，　culture，　and　the　natural　surroundings．　And　five　categorles　of　each

ef　the　above　ten　items，　with　the　exception　of　the　natural　surroundings　into　which

four　categories　are　lntroduced，　become　the　basic　variables．

　　　　In　the　first　factor　analysis，　however，　we　have　examined　all　68　categories　taken

from　the　municipal　year　book　of　Japan，　the　statistical　handbook　of　municipalities，

and　other　statistical　books　available．　As　a　result　49　categories　are　chosen　for　fur一一

ther　analysis　from　a　viewpoint　of　analytica｝　results　and　some　technical　considerations．

　　　　　　　　　　　　　　　　　　　　　Table　1．

（1）　population　structure　index

〈2）　information　management　index

（3）　economic　accumulation　index

Basic

（4）　structural　safety　environment　index
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time－distance
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（5）　consumer　economy　environment　index

（6）　hygienic　environment　index

（7）　education　and　research　environment　rate

（8）　leisure　environment　index

（9）　cu］ture　environment　index

（10）　nac　tural　surroundings　index
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park　rate

municipal　pavement　rate

fire　disaster　rate

traffic　accident　rate

department　store　sales　volume　per　capita

number　of　tatac　mi　floor　iTiats　per　capita

land　price　of　building　site

income／priee　rate

telephone　dfiuslon　rate

city　water　supply　diffusion　rate

sewage　clisposal　plant　rate

garbage　clisposal　plant　rate

medical　service　per　10，000　residents　rate

public　medical　insurance　rate

kindergarten　enrollment　rate

elementary　school　yard　＄pace　rate

university　student　enrollment　rate

library　circulation　rate

research　institutions

sports　faciiity　space　per　capita

distance　to　seaside　resorts　’
distac　nce　to　gol．f　courses

bowling　alieys　per　capita

botanical　and　zoological　gardens

public　cultural　assets

places　of　historical　interest　and　sight　seein．cr

spots

major　cultural．　organizations

museums　and　aquariums

art　galteries

temperature

duration　of　sunshine

distance　to　Tokyo

location　index

2． Factor　analysis　with　49　variables

　　　　The　correlation　matrix　is　calculated　at　first　using　49　categories　of　！0　items，

which　were　selected　out　of　68　variables．　As　the　second　step，　the　structures　of

composite　variables　were　examined．　Then　those　variables　were　arranged　and　divided

into　five　groups　in　the　order　of　their　size．　As　a　result　the　most　infiuential　variations

of　the　urbanization　indices，　the　primary，　the　secondary，　and　the　third　factors　and　so

on　were　clearly　shown．

　　（1）　The　primary　factor　（facility　density）

　　　　The　primary　factor　amounts　to　a　considerable　proportion　of　39．！990　of　the　total

variations．　lt　contains　categories　of　government　agencies，　head　othces　of　business，

universities，　business　establishments，　major　publishers，　sales　voiume，　industrial　sales，

bank　deposits，　computeyization，　etc．　These　are　primarily　the　indices　of　econopa，ig，，，，z
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accumulation　and　the　inforrnation　management，　and　even　most　of　other　categories

in　the　primary　factor　are　eventually　related　to　agglomerative　variables．　Thus，　the

primary　factor　may　be　called　the　agglomeration　index．

　　（2）　The　secondary　factox“　（facility　density）

　　　　Among　the　total　variations，　9．3790　is　explained　by　the　secondary　factor．　Taking

the　high　structure　values　of　the　composite　variables，　these　are　the　primary　industry

population　rate，　public　medical　insurance　rate，　library　circulation　rate，　sports　facility

space　rate，　and　others．　Therefore，　it　is　diffcult　to　give　a　general　name　to　the

secondary　factor．　However，　if　vgre　can　refer　to　lt　as　the　urban　faci／ity　density　factor，

this　may　be　permissible　because　it　has　！ess　correlation　to　the　size　of　a　city．

　　（3）　The　third　factor　（industrial　structure＞

　　　　The　third　factor　indicates　6．5％　of　the　total　variation．　Among　the　indices　of

the　factor，　the　superior　index　of　the　positive　structure　is　the　secondary　industry

population　rate，　whereas　the　negative

index　is　the　tertiary　industry　popula一

tion　rate．　lt　also　has　no　correlation　／

to　the　population　or　the　daytime　S’　80
populatioS氏D”@As　a　result，　the　”狽?ｉｒｄ　g’

factor　is　assumed　to　be　related　to　E．　6e
the　industrial　structure．　A　city　with　ft’

positive　composite　variables　is　con一　ks煤@40

sidgrgd　to．ha．ve　more　gf　thg　gharac一　｝．“’

ht一一ltZfiiZ　7b－i－Jm　m　v　ur　va　」（2nJ　ir　x　M

　　　　From　the　above　mentioned　con一　rwumber　of　Factor
siderations，　we　can　understand　the　Fig．　2．　Explanatory　Force　of　Factors・

brief　characteristics　of　the　three　fac－

tors，　from　the　primary　to　the　third．　Although　there　still　remains　some　doubt，　we

may　refer　to　them　as　such，　tentatively．

　　　　　　　　　　　3．　Factor　analysis　with　Z4　and　13　variables　respectively

　　　　Out　of　the　49　variables　analysed　previously　that　express　the　urbanization　func－

tion，　14　variables　are　excluded　except　for　the　popula£ion　density，　and　two　variables

are　newly　added　to　the　variables　of　the　urban　environment，　in　other　words　the

expenditure　and　the　rates　of　city　tax．　And　these　37　variables　were　subjected　to

factor　analysis．　The　results　are　shown　in　Table　2　which　include　24　positive　variables

of　the　first　composite　variable　structures，　and　13　negativ．e　variables．　Furthermore，

factor　analysis　is　again　applied　to　both　of　the　above　two　groups　of　variables　resp’ec－

tively．i　．

　　　　The　aboVe　procedure　is　not　for　the　selection　of　the　factors　nor　is　it　for　cate－

gg，／．，．iZing，bg．！　it　is．’．　rather　for　．the　calculation　of　the　composite　variables　on　the　46
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Tabie　2． Structures　of　tlie　compositive　variables　（37　variables　：

principal　axes　factor　analysis）
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cities，　by　means　of　the　agglomeratioR　index　and　open　space　index　which　is　a　negative

form　of　the　agglomeration　index．

　　　　　　　　　　　　　　　　　　　　　　　　　　4．　Opeimum　size　of　a　city

　　　　It　is　difficult　to　define　or　other　wise　ascertain　the　optimal　size　of　a　city　because

of　the　innumerable　valiables　and　factors　involved．　Even　though　an　answer　may　be

derive，　it　may　be　complicated　and　diverse　at　the　same　time．　Our　discussion　here

is　only　one　approach　to　the　solution　of　such　a　problem，　and　it　is　by　no　means

a　complete　accornplishment．

　　　　In　attempt　to　deduce　an　answer　to　this　question，　we　have　calculated　the　optimum

sizes　of　the　population　and　the　population　density　shown　in　Figure　3　and　4，　by
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dealing　with　the　so－called　agglomeration　index　and　the　open　space　index　；　the　former

has　first　composite　variables　of　37，　or　24　variables　respectively，　and　the　index　is

considered　to　make　efliciencies　and　varieties　larger．　And　the　latter　indicateE　the　first

composite　variables　of　13　out　of　37　environmental　variables，　which　show　a　negative

agglomeration　in　the　primary　factors．　As　a　result　of　our　present　calculations，　the

eptimum　size　of　a　city　in　Japan　has　a　population　of　400，000　with　a　population

density　of　1，600　persons／lgm2．

　　　　Selecting　such　cities　which　meet　the　above　conditions；　we　have　Kanazawa，

Wakayama，　Okayama，　Niigata，　Gifu　and　Shizueka　which　satisfy　the　size　of　popula－

tion，　and　Okayama，　Tzu，　Maebashi，　Wakayama　meet　the　size　of　the　density　of

population．　Thus，　Ol〈ayama　and　Wakayama　meet　both　conditions．


