
Optimization of Floor Area Ratio Regulation in
a Growing City

著者 JOSHI KIRTI KUSUM
号 13
学位授与番号 78
URL http://hdl.handle.net/10097/37894



S1 
~""~'~~*~ 

'~~"~~ 
>~:~~~ 
~
 

{'~~; 

"~;~ :1:!# 
~
 

~
 

*
 ~
 

* 
;
:
:
i
 
i
 
*
*
 

** =
i
 
{
 
i
,
 
:
j
 
l
i
j
 
i
;
 
l
i
 
I
 
~
 
!
i
 
i
 
s
 
~
 
i
 
i
 
~
 
i
i
"
"
"
'
 ~
 
~
 
~
 
~
 

~~ ~
 
,
_
i
.
 
# ~
 
~
 ~
 
~
 

~ 

~
 
~
 

J~;~~ (~(~{~i~) 

~~f**lL"O)~~~~.-~: 

~~ filt ~E ~~ -. * 

~~f *IL'~t*+*{~/- 4i j~1 ~I 

~~f *+-I~~~~+~~h~ O)~{f~ 

~~f*--~L~~~:~,~~~~'F*.-S:ri 

~~ +~~~ I~l_;Z~._'- i~~/~::~ ~1 ~ -~ _~ - ~ _ 

"' ~'J~' ~*~ 

JOSHI KIRTI KUSUM (;f/~ )~) 

1*~1 i (~:~"T) 

~~:~"r ('[~) t*~~ ~~: 78 ~S; 

lp~~: 19 ~i 9 ;J 13 i~ 

~~-f**-lL~.~.~fJ~~ 4 ~~~'~~; I ~_~f.~~~"-'--..."~~i 

 ~~~ ~)~~~-)~C~f~7c'+~~"I~~+~~*~･'*~~~Tjf~~~<~ (t~,li~~f~~") )~f.~~~~'[~*~~~~.~~_~~i~~~ 

Optimization of Floor Area Ratio Regulation in a Growing City 
(h~>~:~~Thcc~5~ ~ ~~~:>*="'~{~<..~~~ IJ~)~~~= ~~:4~) 

 (~i~~~~*) ~~:~L)~~~~~~-~~' ~*-~~~ 4･*i"~ 

~{*.'~~ L)~~~~~~~~+" f~i/~A~/~~+N~ ~~~ ~)(~-7~~(t-~~+ ~~~~" ~4___.---

(ll-?-~T~~f~,~ <~) 

~'/*<~+~'.- ~;)~~ 

( (~A') E~ ~;~ ., ~i ~T7i]F='rT) .*  * +*',**+~,- ~ 

Chapter 1 I ntroduct i on 
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Cities suffer from various negative external ities arising from high population concentration, 

such as congestion in publ ic facil ities, noise, traffic congestion etc. A firstbest policy against 
such external ities is the social marginal pricing, whereby every individual contributing to the total 
external costs is taxed according to his or her contribution. Owing to the practical difficulties 

and high cost in intel~nalizing external ities using such first-best policy, alternative pol icies in 
the form of pOpU I at ion dens ity regul at ions have been suggested and discussed in the economic I iterature . 

However , much focus has been made on the analysis of the effects of regulat ions on urban spat ial pattern , 
on land and floor rents, andlor on welfare of the economic agents. For policymaking, it is imperative 
to know what kind of regulations should be imposed so as to improve social welfare in the presence 
of negative externalities. Moreover, when population is also growing, the impact of externalities 
depends not only on the overal I urban popul at ion size , but also on how popul at ion is distributed within 
the city over time. 

Against this backdrop, this research determines optimal FAR regulations in a city with growing 
popul at ion under two types of external ity in terms of spat ial effects , viz . jJ7tl-azo!7aJ and jj?terzonaJ 

effects. The intra-zonal externality occurs in a zone from the population residing in that zone. 
Examples inc}ude noise , congestion etc. On the other hand, inter-zonal external ity in a zone is caused 
by population residing outside of the zone. The best example is traffic congestion externality which 
is caused not only by local popul at ion ol~ comlnuters , but al so by commuters coming from other locat ions . 
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Accordingly, two models are developed to treat these two types of externality. 

In both nodels, besides identical households, the city econonry has developers-cum-landowners 

which supply housing under the FAR regulat ion iElposed by the government . The FAR regulat ion is treated 
because of its wide appl ication across cities worldwide. Such regulation imposes a I imit on the ratio 
of total floor area of a building to the area of the lot on which it is built. Thereby, it controls 
population density by controlling the size of buildings that accommodate many households, such as 
apartments, condominium etc. 
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Chapter 2 The Two-Zone Model mder Negative Population Externality 

The FAR regulation under the intra-zonal negative population externality is analyzed using a 
spatially restrained twozone city, divided on the sole basis of externality levels. Multiple zones 
can also be categorized into two zones. The urban population is growing and given exogenously at any 
t ime . 
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Chapter 3 Optimal FAR Regulation under Negative Population Externaiity 

Optimal FAR regulation in a zone is achieved when the aggregate 1legatfvepopujatjo!7 extemaJjty 
ffl tlle cj ty js offset hy tlle regz!Jatjon-j!7duced deed;vejght loss 1!? the corrcspondj!?g z;onaJ fjoorspace 
fffarket. Result shows that at any time, the city requires !70t ov7jy fflaxjfflum FAR reguJatjo!7 jn the 
co!7gested or col?gestj!7g zone, hut aJSO fHj!7jfflum FAF reguJatjo~7 jn the other zoj7e. 

Although total population is exogenous at any time, zonal population changes over time because 
amenity levels can vary over time due to infrastructural improvement in any of the zones. Intra-zonal 
migration is assumed to be costless, so residents can choose the location having better amenity. 
Therefore, depending upon the expected changes in the zonal amenity levels, even if a zone is not 
congested at a particular time, it might be required to impose maximum FAR regulation if large 
population is expected to Inigrate to that zone due to some amenity improvement programs. Results also 
show that over tjffle, jf a zo!7e js regulated uv7der fflaxjfflUm FAR reguJatj0~7, the same zoJle fffjght requjre 
li!jnjff!uff! FARregz!Jatfoj7, or vjce versa. It should be noted that minimum FAR regulation is not included 
in the general urhan planning practice. However, this research highlights the necessity for such 
regu I at i on . 

In order to determine optimal FAR policy at a particular time, it is important to forecast the 
effects of population and floor rent on the aggregate external ity levels. This study shows that such 
forecast perjod js gj vejl hy the jol7gest repJacefPe!?t perjod amo!7g hufJdj!7gs !1ewJy hUfjt at tjlPe ul7der 
co!7sjderatjoy7. This is because a newly bui It bui Iding accommodates households and thereby contributes 
to the zonal population throughout its life. An existing building is replaced when the rental income 
from the continued use af such building starts to fall behind the net income that wou}d be gained 

- i50-

*
 
i
 

*
=
 
*
;
 
i
 
f
 
i
 
*
i
 
~
 
*
.
 
{
 

JL 



i~S 
*=S~!*"' 

~
 

*
*
,
 

;
.
 
i
"
,
 

i
 

i 

from a new building on the same plot. 

Chapter 4 The Linear City ~odel under Traffic Congestion Externality 

The FAR regulation against traffic congestion externality, which is an inter-zonal externality, 

is analyzed using a linear monocentric city with growing population. One member in each household 

cownutes to the workplace located at the CBD . Transport costs are incurred only when commut ing to 

and from the CBD. Within the CBD, transport cost is assu~ned to be negligible. Traffic congestion 

external ity at a cordon line in the city is defined as a function of population density at and beyond 
the cordon I ine . 

Chapter 5 Optinlai FAR kegulation under Traffic Congestion Externality 

Optimal FAR regulation for a new building at a particular location and time is achieved whe!7 

the totaJ traj?sport cost jf7 the cjty due to the !7e;p fJoor space sUppJy at tfoat jocatjo!? aJld tjffle js 

offset hy the regz!Jatloa-f!7duced deadwel~ht joss jJ? the correspoj7dj!7g fJoor space fflarlfet, hoth 

dfscoullted over the repJacemej7t perjod of such bujjdjj7g. 

In case of a closed city, new floor supply at locations towards the urban center attracts 

population towards the center, reducing the total transport cost . On the other hand, new floor supply 

at locat ions near the urban boundary increases con}muting t iH}e and therefore con~mut ing costs . Therefore , 

optimal FAR policy in a closed monocentric city requires ffljl7jfflun:! F~ regujatjo!7 at Jocatjo!7s !7ear 

the urhal7 ce!7ter and fflaxjffll!ffl FAR 1"egz!Jatjo!7 at Jocatjo!?s towards the urbal7 bow7dary. I n case of an 

open city, since new floor space supply at any location increases the total transport cost, the city 

should be regulated ul7der ffl:axjfllum FAR 1-eguJatjo~7 ~t aJJ Jocatjov7s. 

Presun}ing that a marginal change in location does not change the l~eplacement pel~iod of a new 

building significantly, results show that in a closed city, the upward aJ7d dowl7;ral"d edjustffle!7t to 

the fl!arfret popuJatj011 de!7sjty to;yards the urhall cel7ter aJ7d towards the urha!7 houjldary respectjveJy 

shouJd j!7crease fflol~e tha7 pl~opoJ~tjonateJy. Similarly, in the case of an open city, the do,yn;yard 

adJustffle!?t to the fffarfret popujatjon deJ7sj ty shouJd he jncreased ffJore tha!? profjortjonateJy to;vards 

the urha!7 hou!7darywhile no adjustment is required at the CBD edge, assuming that the transport cost 
within the CBD is costless. 

Regardless of whether the monocentric city is closed or open, ignoring the cornmuting costs within 
the urban center, tl7e optj!f!aJ cjty fsfflore coupact tha!1 tllefflarl(et cjty. This is because when population 
is packed into a smaller city, comuluting distances to the center reduce, because of which the total 

commuting costs also decrease. 

This study also finds out that more durable buildings have longer replacement period, and 
therefore such building contributes to the negative externality in the city for a longer period. 
Analysis shows that under minimum FAR regulation, the FAR should be increased for more durable 
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 Thisresearc捻deter漁es・pti狙alpolicyintheformDftぬeFARregulationagainstintra-zonaland

 inter}zonalnegativepopulationextemalityiRadynamicsetup,whicぬcanofferpracticalaitemative

 t・t鼓efirst㎜bestp・1icyagainstsucねexternality・丁姦estudydem・nstratesthatalth・ug嬉nagr・wing
 city・opti狙a1F餓reg廿1ati・Rsals・c鼓ange・vertimeacc・rdingt・thechangesinextemaiitylevels,

 itissufficientt・f・recastsuchc嚢anges・verthereplace皿entperi・d・faewbuildings・nl州・re・ver,
 t資estudyalsodete瀬nesreplacementperi・d・fbuildingsend・ge鶏・uslywhichisaai狙P・rtant
 ac短eve猟ent.
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 論文審査結果の要旨

 多くの都市で生じている人目増加は、交通混雑や騒音等環境悪化の外部不経済を生む。外部不経済は市場

 では適正化されないため、なんらかの政策を必要とする。代表的政策としてPigou課税がある。しかし、課
 税は大きな徴収費用を必要とするため、現実的でない。そこで現実的政策として、建物容量や宅地面積を規

 制し、人口分布を調整する土地利用規制が行われている。ただし、このような規制は市場価格と限界費用の

 乖離を生じさせるため、土地利用規制は一般に最善政策となり得ず次善政策である。

 建物容量や宅地面積の最適規制手法を考察した先行研究は、Fujita(1989)、陥eaton(1998)および

 Kono(2001)に限られる。F観jita(1989)およびWheaton(1998)は単一中心都市における最適宅地面積規制手法
 を考察している。また、Kono(2001)は2ゾーンから成る都市における最適容積率(建物容量)規制手法を考

 察している。いずれの研究も人ロー定や均衡効用一定を仮定して、静学モデルを用いて土地利用規制手法を

 考察している。しかしながら現実には、都市人口は動学的に変化している。また、建物は必要に応じて建て

 替えられる。そのため、最適容積率は一定ではなく、人口動態変化を考慮した容積率規制が新たに建設され

 る建物に動学的に行われる必要がある。このような動学的容積率規制手法の考察は、静学モデルでは十分に

 行えない。

 本論文は、人口増加傾向にある都市において、規制による不効率と外部不経済削減効果との関係を明示化

 して、最適な動学的容積率規制を考察する。そのために、Kono(2001)の2ゾーンモデルとWheaton(1998)の

 単一中心都市モデルそれぞれに、人口動態変化および建物の建て替えを新たな要素として加えた2つの動学

 モデルを謂いる。2つのモデルの大きな違いは、外部不経済の発生メカニズムにある。前者のモデルの外部

 不経済はゾーン内トリップによる交通混雑や騒音等を想定しており、ある地点の外部不経済は当該地点の人

 口密度のみに依存する。一方、後者のモデルの外部性は通勤交通混雑を想定しており、ある地点の交通混雑

 はその地点より郊外の居住密度に依存する。また、前者のモデルは閉鎖都市、後者は閉鎖および開放の両都

 市を対象としている。論文は全編6章から成る。

 第1童は序論であり、研究の背景および先行研究の紹介とその問題点を示すとともに、研究の目的を述べ

 ている。

 第2章はKGno(200生)のモデルに人口動態変化および建物の建て替えを考慮したモデルを構築している。特

 に、本章では、デベロッパーによる建物の最適な建て替え時期が、古い建物を引き続き使用した場合のレソ

 ト収入と建物を建て替えた場合の利益がバランスするように決定することが導かれている。従来の理論研究

 は、永久に耐久する建物を簡単化のために仮定しており、このような条件が導かれたのははじめてである。

 第3章は、第2章で構築したモデルを用いて、動学的最適容積率規制手法を求めている。その手法として、

 第iに、Kono(2001)と同様に最高容積率規制に加えて最低容積率規制が必要であることを示している。現行

 の都市計画は主に最高容積率規制を行っており、最低容積率規制を極めて限定的にしか用いておらず、問題

 である。第2に、将来の外部不経済の流列を条件として、各時点においていかなる容積率規制が必要かを示

 している。その結果、場合によっては最高容積率規制を最低容積率規制にある時点で切り替える必要がある

 ことおよびその条件を示している。また、特に重要な性質として、ある時点における最適容積率規制は、そ

 の時点に建てられる建物が存在する期間に渡る外部不経済の流列のみに依存することが示されている。この

 結果から、永久に人口動態変化がある状況においても、建物の存在期間を超えた将来予測を容積率規制のた

 めに行う必要がないことが明らかになった。以上の知見は、これまでの研究では明らかでなく、実務的にも

 有用な成果である。

 第4章は、W鉦eaton(1998)のモデルに人口動態変化および建物の建て替えを考慮し、さらに容積率規制を
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考察するために
動学的最適容積
制により建物容
率規制により建
わち、第2、3章の
最高宅地面積規
は大きく異なる。
宅地面積規制は

点で最高容積率
わらず都市境界

 めて得られたものであり、これらは
第6章は、結果の要約と今後の課題がまとめら

以上要するに、
と外部不経済削
益な研究であり、

よって、本論文は博士(学術)の学位論文として合格と認め
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