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Estimation of Fatigue Cost of Commuting Congestion and Optimal Congestion Fare

This paper has three aims.

First, we estimate a hedonic housing rent function along the Chuo Line in Tokyo
with (i) commuting time distance and (ii) congestion degree as explanatory variables.

Second, from the hedonic rent function thus estimated, we measure time cost and
fatigue cost of commuting in terms of Equivalent Variation. We show that the fatigue
cost of commuting is 5-29% of total commuting cost.

Third, from the fatigue cost thus estimated, we measure marginal external
congestion cost of an additional passenger at the peak rush hour. This marginal
external congestion cost is interpreted as optimal congestion toll. The result indicates
that the optimal congestion toll for the most congested time is 1-3 times the current

commuter-pass fare depending upon the train line segment.



oodpooodooudobodoon

goood

IZIIZIIZIIZIEI

gooog

gooo

J00000000o00000o00o0o0ooooooooooooo0oDoo0ooooooooooo
0oooooooooooooooooooooog
goooooooobobobobooooooooooooobbobbooboooooooooooooboooDn
oooOoooooOooobOoOoOoshf200doboobobooooooooboDoog
goooooooobobobobobooobooooooobooboboobobboob0ooooooooooon
goooooboobooboboobooooooooooooobbobboobooooooooooobooboooDn
gooooobbboobooboooooooobobbbooooooooooobbobooobobOwosggg
oooooooooooooon

1gogog

gboogoooooboooboboboboboboboboboboooboooboooooo
[I[I[I[I[I[II:IEIEIEIEIEIEIEIEIIZIPEIEIEIEIEIEIEIDDDDDDDDDDDDDDDDDDDDDDDD
gbobobooooooooboobooboboboboboboboboboboooboooooo
gooboooobbooo
gobobooobbooobobooobboobooobboobboooboooobooooboooboboooboo
O0@9re) 0000000000 CODODOO0OOOOOCOODDOOUOOOCOOOODOOUOOOORO
goobooooboboobboooboobobooooboboobboooboooobooobooobboooboo
gbobobooooooooboobooboboboboboboboboboboooboooooo
000000000 0O0ODbOOOoOo@Eess198)yionoooooooooooooooooooooon
gbobobooooooooboobooboboboboboboboboboboooboooooo
gbobobooooooooboobooboboboboboboboboboboooboooooo
gooo

Jooooo0oo0000000000000000000000000000000000000000000000000000
gobooooooooboboooooooboboooboooooooobooooboboooboOooobOooooboOobobobooOobOOoooDoooo
gobooooboooboooobooooobooooboooboboobobooooOoboobobbOOoobOOOObOObObOobOObOOoODOoOon
goooooo

o 000005-04700000000610000000000000 E-mal0 yamnaga@iser.osskaru.ecjp
DDDDDDDMUDDDDDDDD?—I}IEIEIDEIDDI:IDDI:II:IDI:II:IDI:IE—ma'II:Ihat@(SSU—td(yO.mjp

l0DOoDO0O0DO0O0000O0000000000000189%]00000000002006000000000100000000
1



goobooobooobobooobboobobooobobooobooobooooboooboooboooo
goooooobooobooobooboooobbooobobooobooobobooooooboooboo
goooooboooboooboobooooboooobbooobbooobOoobooDooboooboo
goooooboooboooboobooooboooobbooobbooobOoobooDooboooboo
goooooboooboooboobooooboooobbooobbooobOoobooDooboooboo
goooooboooboooboobooooboooobbooobbooobOoobooDooboooboo
goooooobooobooobooboooobbooobobooobooobobooooooboooboo
goooooobooobooobooboooobbooobobooobooobobooooooboooboo
gobobooobboooobooooboooboooo

0000000000000 0000oDOo@eooooooooaewooooooooooon
goooooboooboooboobooooboooobbooobbooobOoobooDooboooboo
goobooobooooboooog

go@)iddddddddddddoobobooooooOoOOoODOODODODOODOOOODOODODOO
goooooboooboooboobooobooobboooboobobOoobooDooboooboo
gooboooobboooboooboobobooobobooobobooobooobobooooooboooboo
0000000000000 00C0C0ODO000000DDOO000OO0O0ODDOOOdOO Heta and
Ohkawara(1994)0 00 00000000000 OODOOO0OCODOOOODOOOOODOOOOODOOOOOO
0000000000000 00C0DO000ooo0ooooDooeyuoooogoooogooooogo
goooooboooboooboobooooboooobbooobbooobOoobooDooboooboo
gooboooobooooboboooobooobboooobo bbb boooboboooo
ooooooooo
O00D0000oo@uUOooooooooOoOoODODODODO00000000dd000ogooooooo
000000000000 000000000g@e/)uooodoooodoooooogoooogo
0000000000000 0DO0doooOoDOOo0ooDOo0oooOoeyuooooooooogo
gooboooobooobooobooboooobobooobobooobooobobooooooboboooboo
DDDDDDDFDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gooboooooboooobboooobooooboooog
000000000000 00000ooOoOo0oOoo@ees)oooooooooooooooooo
00000000000 00000000O00000ooooa@eYY O Ooooooooooooooo
goobooobbooooboooobobooobobOooobooo0boOooobooobbobooobo

goobooobooobobooobbooobooobbooobooobooooboooboooboooo
goobooobboooboooboobooooobobooobbooobooobobooooooboooDboo
goobooobboooboooboobooooobobooobbooobooobobooooooboooDboo
goobooobboooboooboobooooobobooobbooobooobobooooooboooDboo
goboooooboooobooooobo

ZDDDDDG%@DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

oooooooo



gooboobbooobobooobbooooooboboobobooobooobobooooooboooDboo
gooboooobboooboooboobooboooobobooobbooobooobobooooooboooDboo
goooooboooboooboobooobooobobooobooobOoobooDooboooboo
goooooboooboooboobooobooobobooobooobOoobooDooboooboo
goooooboooboooboobooobooobobooobooobOoobooDooboooboo
goooooboooboooboobooobooobobooobooobOoobooDooboooboo
gooboooobboooboooboobooboooobobooobbooobooobobooooooboooDboo
gooboooobboooboooboobooboooobobooobbooobooobobooooooboooDboo
goobooobboooobboooobo0oobobooobooooboooboboooobo

200000

0000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000

0000000000000
Do000uf,zl)=rzA1°0000000000000000000000000000000000(3)
0000hOODOOODOO0Oz0000000000100000000000001000000000
10s000000x00000000000000000000000x0000000000000
0o00oo0oon
00001=38-x00000000000000000000000000000000000000(2)
00000000000000000000080000000000000000000000000
00000000000000000000000000000000000000000000000
WOOI1 0@EUD00000000000U0O0
nDooo0U(,zx)=h*2*(-x)'0000000000000000000000000000000(@9)
0000
00000000000000000000000000000000000000000000000
000000000000000000000@ROOD0O0000000000000000000000
0000
00001=8-(x+a)000000000000000000000000000000000000 (4)
0000a00000000000000000000000000a000000000000000
00a00000000000000000000000000000000000000000000
000000000000000000a00000000
0x+ald0000000000000000000Xx0000000kO000000000000000
M@&DDDDDDDDD%DDDDD

0000 Xx00000000000000000000000000&00000000000000000
3



0000 x+a=mk)X000O0O0000000000000000000000000000000 (5)
Dooomk)DoDoDoooooo00 (mk)-)xOooooooo0O0Omk)DODOOODODODOOO0O0O00O
00000000000000000000000mKk)0000000000000000000000
000000000000000000000000000mk)000000000000000000
00000000000000000000000mk)Xx000000000000000000000
000000000000000kO0000000mO00000000000000000000000
00000000000000000000mO0000000000k000000mKk)D0000
0ooooo

0@0@E00QO0000000000000000
nDoo0o0U(,zxk)=hz*E-mk)x)f 0000000000 000000000000000000 (6)
00000000000000000000000000000000000000000000000
0000000000000000000000000000000000

A
nooooooooooa mk)

gooboooooboooob:

00000000000000000 my

= >
D0D00000oDOoopooo0oonoook,00D koOoOODOOoOOoOOKk

ooomk)oooooo

yoogoood

goooooboboooboooboobooobobooobbooobooobobooobooooboooboo
goobooooobooobbooobooobooboooobbooobobooobobooobobooooboobooo
goobooobbooobbooooboooboobooooooboo m(k)DDDDDDDDDDDDDDDD
goooooobboooobbooobooobobooog
gooboo0oobboOoxbooobooooobooooooooo

gooo r(X)h+Z=YDI]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(7)

“0omk)00000Kk00D00000000000000



0000000000000 r(x)0x000000000YODOOO0O000000000000000
000000000000000000000000000000000YOx0r(x)000000 20
h0ODODOOD0O0O0O@MID0O00000000@®000000000000000000000
Q000 rrExU(h,z,x,k)

H.r@%+z:Y
0000000000
0000000000000000000000000000000v(r(x)Y,xk)Dooooooooo
0000vVO0D0000000000000000000000000000000000000000
00000000vVO00O00000000000r(x)0YO xOkOO
0000 v(r(x)Y,xk)=vOOOOOOOOOO0OO0OO00000000000000000000000(9)
0000000000000 (®IOr(x)00000000
Dooor(x)=r(,xkV)00DODODOO0DOO00O0O0000000000000000000000000(9)
DDDDDDDDKDDDDDDDDQ%
0000@E000000000000000000000@00000000000000000000

gooooooooogd

G000 £ xk7)=B-B) Y7 *[5-ms

gooboooooboybooooovooboooooboooobooobbooooboooo

0000 (xk)=C-mk){FDDDD00D00000000000000000000000000 (10)

5 1 1
000000000 C=RE-B)s YA FOOOD

oooooogoono m(k)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
DDDDDDDDDDkZlDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDm(k)DD
goboboooobobooooobboobobooobobooooboo
DDDDm(k):)\Dk"DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(ll)
[]DD[]D%]DD[]D[]ADD[]DE]kDD[]DD[]DD[]DD[]DD[]DD[]DD[]DD[]DD[]DD
goobooobb0cobO0OO0oobOOO0bOOOO0OODOOOODOOOOn

(1)0000000mk)000O000000@OOO0000000

DDDDr*=C[6—)\D](°D(]%DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(Q)

*00000000000000000000000000000000000000VO0000000000000000000
0oooo

*00000@eYD 0000000000000 00000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000

max u(h,z,k) st.rix)h+z=Y-tx 00000000 XO X0OOOOOO0O000000000000000000000
oooovir(x)Y—-tx,k)ooooooooovoooooooor(x)oooooooooooo rix)=R(Y —-tx,k,v)oooo
000kOOOOO0OOO0OO0O00000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000
‘0000000000 D00000000000000000000000000000000000000000

5



gooo
000000000000 0M@UuOoshisiiii(@Uuooooooooooooooooooon
gooood

0000 logr' = po+ plis+ p2Ct + p3[y+%[nog[180—(yDgN +AK°X)] +e000000000000(13)
S

pO=logC, s=0000y=000

000o00dbo0oeODO0DOOO0ODOOODDOOOLNMAdDODDOOODOODODOOODOOOODOO@O
0000000000000 0000000000000000000000000000O0O000oo
0000000000000000000007M00000000000O0VDODO0O00000000000n
DDDDDDDDDDDDDDDDDDDDDDDDDQD x, 0000oooooooooooboooon
000000000000 000ooooooo XDDDDDDDDDDDDDQDDDDDDDDD5[|
O0000ONHKA O D OOoOoooooooooooooooooooooooooooooooo
el 0d0db00ooooboooesd oo oooooooooooooDoooooog
00000o0ooboooooooooogoooossooooooooooooon

10 000o0og

00O000@uuboooodooo0ooboOo0ooooo0doOoRrROOD0dooDoOogooDogo
goboRrRoOooooooooobooooboooooboooobobooooboboooobbooobobooo
goboooobboooboooboobbooobbooobboooboobobOoobbDooboooboo
goboooobboooboooboobbooobbooobboooboobobOoobbDooboooboo
gobobooobbooobooobbooobooobooobboobobDooboOoobooooboDOoRrOg
o0o000000000000000UU0000D00D0U00DUUODOoOoOoODOoOoOOOOOOY ORO
00000000000 kOODODO0DOO0OO0O0OODO0OOOOODOOOOOOOO0
gooboboooboboooobbooooboooooboooobobooooboboooobboooboboooo
goobooooboboobboooboooboooboobboooooobooooboooboboooboo
O0O00ooo@woooooooooodooooo0ooooboooooobooogoo2000
od
goobooobboxboooRrRoogooooooooooobobooobooobobooooboboooo
gobooooboooboooboobbooobbooobbooobooboboobobDooboooboo
goobooooboooobbooobbooobooob x, 00000b0000o

goobood kDI]I]I]I]DDDDDDDDDDDDZDDDDDDDDDDDDDDDDDDDDQD
goboboooobboooboooobooobooboboooboobobooloobooobobooobooboboo
gooooooUoOboobobobobobobObObObOD12---1O000O0IO0O0OI-1IDDDODOOD 6 =12,--,1
000000000000iI000000000i0000000kKO0

0po0DO000SO0000O000DN0DN00C0O0ON0hODO0D0O00O0O00000000 SO000000000000000
00000oo0ooDoooooDoooOo@ewooooo

9)(WDI:II:ID yooooooooooooooooooooooooo
YOooooDOo0O0O00000000000000000000000000000000

6



oooo k‘:N?lﬂDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(M)
000000000000I0000001000000000N O00000000000@OO0)aKO
0000000000000000000000000001I00000000001I00000000 N
goobooooboboooobbooooboooog
O000igooood0U0oO0UoUoUDi0000D00O000000Di00DDODo0oooooooo
00000000000 O0O0OOOODODOOODOIDDDODOODODODODODOOOOOO0O0OOO0O0O0O00d
goobooobboooboooboobobooobobooobbooobooobobooooooboboooboo
gooo

DDDDK:zim,ki =12, 0000000000000 0O00ODO0O00O00O0O0ODO0O0O00O000O0O0(5)

00000 wODO0000DOO0000OO000000M@UOOoooDOO000o0DO0o00C0DO0o01LD00n

oo00ooo@uuoooooooooooooooooooooooooooooooooooooo
000000000000 00000DiI0D0000000o0oooooooo KDDDDDDDDDIPD

O00000ooO00D00O00O00O00DODOO00O0DODOO00OOO00ODO0000 —>
O000O0Oolooooo |l -100000000001000001-1000000010000000000
D [ [ [ [ E|

LI 1 LI LI

e >
00000000000000000000000000000000000000i0000
4—>)

00000000000000000000000000000i000

ooopoooooooo

stuougoogobd

0@Uoooodooooooooooooodooooooooooooooooo

0000 logr =3.716+ 0.00lE‘s+8.410[—]]—' -0.0090y
s

D000000 (211) (2280 (159 (129
0000000 +0.8400og[180-1.150%, -0.807k** X0 00000000 000000000 00 (16)
(2.44) (350) (396) (4.02)
R?=0.78
(13010 000000000000e//=0840000000000GUOIOODOOOOOODON-
000000000000000000R0000000000000NDONN0OONONDONONONOONnOn
DDDDDDDDDDZlDDDDQDDDDB:O.21DDO(:O.176DDDDDDDDDDDDDDDDDD

Yeonoooooomk)oOOO@EOO00000000000000000000
2QpOooO0O0000000000I0000000000%M0000000000000000001000000043235000
0000000000000000000



DDDDDm(k)=0.807[k“12DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDmo
Ok,0000000000

gooooogo m(k)DDDDDDDDDDDDDDDDDDDDDDDDD Xgoooooooooo
goooooooobboog m(k)D(DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gooo XDDDD[m(k)—]]XDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gobooooboboooboooboobobooobobooobobooobooboboooooooboooboo
goobooooboboobboobooobooboboobbooooooboooobooobobooooboo
goobooooboboobboobooobooboboobbooooooboooobooobobooooboo
goobooooboboobboobooobooboboobbooooooboooobooobobooooboo
goobooooboboobboobooobooboboobbooooooboooobooobobooooboo
ooobooobooooboooboooo

m(k)

3 —

25 | m(k) = 0.81k**

2

1.5

1
0.5

m, — |
0

Doo00ooo0mk)OO

el uduoogubooonoooonogan

ooooooo m(k)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
gooooobooboooboooboobobooobobooobbooobooboboooooooboooboo
gooooobooboooboooboobobooobobooobbooobooboboooooooboooboo
goooo

ooob0o0obbo0oomogo xgoobooo m(k)DDDDDDDDDDDDDDDDDDDDDDD
goboboogobooobbooobooboboooboboobboooooooboooooobobooooboo
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDYDDDD%DDDDDDDD
goobo0oobobooobboooobbooooboo

BoOoooooO00000000O0000YOO00000000000001%900000000000000000000000
Ubb4300 00000020 0000000000000000000000D0O004323000440000982600000

8



0000000000000 00000000 x=00000000000000000000000000
00000000000000000000000000000000000000000000000
0DcO0D00O0DN0@IODNNDNNNDNONNONDO

0000 (,xkv)=r(y'-cxkV)JODOODODODODOOO00000000000000000000 (17)
0000000000000 c¢000000000000000000000000000000000
0000000YO000x00000000000000000000000000000000000
000000000000 c=c¢(x)00000000c000000000000000000O0O0O00
000000000000000000000000

ooo
OO00xO00000000000000000XxO0000000000000000000000000
OOo0000000000000000YOO0000cx) 0000000
D00000000000000mK)=100000000KODI00000000000000000
000000000000000000000000000000000000000000KkO0000

gobboogbboooboxbooobooboooobooboooboobobooooboooooboooooo
000yYOOOoOOoOOoOooOooOoooOooOoooooooo0oooyoooooce; 00000

0000 (v.xkv)=r ("¢, xkv)00DD0000000000000000000000000(18)
000000Y'00k=kO0000000000000000000000kO000000000000
000000000000¢c, =¢,(x)00000000¢,(x)00000000000000000000
0000000¢(x)0x0000000000000000000000

ooo
O000x0000000000000000000000000000mk)00000000k0000
00000000000000000000000000000000000Y 0000000018900
c(X\\ooooo
00000000000000000000000000000000000000000000000
00000000000000000000000000000000 0000000

ooo
OOoO0xO0O0000000000c¢(x\)0000000000000000000000000 ¢x)-c,(x)
ooOooooooooo

0ooo
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000 000000000000
0000000000500200000000000



oooooooooo

X oo mK)-x  [mK)-1]x
gogoo od oooo gooo gogoo gooo gooogo

(0) 000 000 000 ooo @) @) @) @)

ogo g g g g g g g g g
oo 16 1367 1.367 183 23 288 2234 15 12.9
goo 20 1369 1.368 229 29 373 284.3 2470 131
gooo 22 1273 1351 24.8 28 369 310.7 2737 11.9
oo 24 1207 132 264 24 315 3323 300.7 95
ooo 26 1164 1.301 281 21 284 356.6 3282 80
goo 29 1121 1281 30.8 18 249 39%5.1 3702 6.3
oo 31 1175 1.266 325 15 210 419.7 398.7 50
ooo 3B 2279 1.393 408 58 849 5452 4604 15.6
oooo 38 2123 1474 47.2 92 139.0 647.8 508.8 215
ooooog 40 1987 1509 510 11.0 170.1 711.8 5417 239
goo 44 1917 1559 582 14.2 2294 8390.1 609.7 273
oooo 48 1647 1568 63.8 158 2675 946.8 679.3 283
oo 50 1563 1568 66.5 165 284.3 9994 7151 284
oo 54 1348 1548 70.8 16.8 300.0 1,087.6 787.6 276
oo 58 1109 151 74.0 16.0 294.1 11554 861.3 255
oo 61 104 1482 76.2 152 286.3 12044 918.1 238
ooo 65 089 1438 785 135 261.7 1,256.9 995.2 208
gooo 70 0792 134 817 11.7 2348 1,331.0 1,096.2 17.6
oo 73 0497 135 822 9.2 187.6 1,3433 1,155.7 14.0

Mouguoogouood

gooooobbooobooobooboboooobobooobobooobooooboooooooboboooboo
gbgooooooboboooobo m(k)l]EIEIEIEIEIEIDDDDDDDDDDDDDDDDDDDDDDD
O00000ooooooooo0o00ooooooDoOoOo000000ooooDOD k0 zOODODOOOOO
OMRS. OOOO

Uk(h,z,x,k)

L N000000000000000000000o0oo0o00og (19
Uz(h,z,x,k)

0000 MRS (h,z,xk)=

DDDE%DDDDUAADDDDDDU®LKHDzDkDDDDDDDDDDDDDDDDDDDDD
0010000000000@Y000000000000000000000000000000000
000000000000 0000000000000000000000000
000000000000-0000000000000000000000h0000z0000000
0D0YOOOOODOooOoOh=h(Y)Dz=2y)0ODOOOOOOOOODOO@)OOOOOO0O0O000OO
kDDODOOx0000000000000000000 fkx) 0000

D000 f(kx)=MRS, (h(Y)z(Y)xk) D ODOOODODOOOOOOOOOOO0OOO0000000000 (20)
000000000YOOOOOO000000 f00000000000n
0000@O0000z0kOOOOO0OO0O00

0000V, =0-Bhz*(-mk)x)00000000000000000000000000000 (21)
0D000U, =-a6-mk)x) Wz m(kx0ODD0DO0D0D0000000000000000000000 (2

10



nooooooom(k)=dnk)/dkDO0000000000@)OOO00000
mi (k)x
(6-mik)x)
0000@00@W00000000000000000000000000000000000000
00000000000000000000000000000000000000 fk,x)000000

gooo f(k,x):otY 0000000000000 0000U0U0UUUUUUUUUUOE

DDDDDDDDDDDDDDD%DDDDDDDDDDDDDDDDDDEID

sguupugoooobuonooon

000009000000 000000000000000000000000000000000
00000000000000000000000000000000000000000000000
000000000000000000000000

00000000000000000000000000000000000000100000000
00000000000000000000000000000000000000000000000
0000000000000000000000000

0000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
0000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000
0000000000000000000000kKkO0000000000000000k(k)oooooo
OD0O0DO0ONOOOOOOxOO0O0000000000000000000@)uooon f(kk)x)o
0oo
Ooodooooooo

\ N O
k

[ =l
0000000000100 000000000000000000000000000000000
>
k; (k)

gobobooooooooooooooo

O0000000000000000000000000000000000kKkO00000@AO000

YOppoooODOOO0O000000000000000000000000000000000000000000000000
goboooobooo

Booo koooooooOoOoO@UOOO0DO000000000@OO000000000000000001000000000
aod

11



DDDD%=%DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(24)

O0O0000ObO000ooObO00oOobO0okOoOoboDOoOoOoboD kODOOoOoooODOo

dk, (k
%DDDDDDDDDI]I]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(ZS)
gooo
goobogobboooboboobbouoboobobooobboooooooboooobooobbooooboo

0000000000@40 (50000000

gooo dkl(k):dkl(k)dk:dkl(k)lDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(26)
dN dk dN dk K

0000000010 0000000000000000000000000 fkk)x)DooOoOoOOOO
OONODOOODOOOOOOO00O00000010000000000000000000000EDO
o000

oooo E:Nm(h(k),x)a‘%%mmmDDDDDDDDDDDDDDDDDDDDDDDDDD(Z?)

gooboooboobobooboooboobbooobbooooooobo f( ooboooooooooo
goboboooobboobbooobooooboooboboobbooooooboooobooobobooooboo
goboboooobboobbooobooooboooboboobbooooooboooobooobobooooboo
g3 ooooboboooobooooboooobo

gooooooouooooooooogn

X gooogoo gooog gooog oo
f (k,x)
@) @) @) @)

gooo O O O O O
oo 16 160 115 110 0.9
ooo 20 206 161 160 0.99
oooo 2 229 161 210 13
0o 24 252 161 250 155
0oon 26 276 207 300 145
ooo 29 313 207 340 164
oo 31 338 207 400 193
0oon 35 410 247 480 194
0ooo 38 472 247 500 239
00000 40 513 247 670 271
ooo a4 604 293 770 263
0ooo 48 692 293 830 283
0o 50 739 293 890 304
oo 54 830 338 970 287
oo 58 016 378 1,060 28
0o 61 983 378 1,100 201
0oon 65 1,071 24 1,180 278
oooo 70 1,183 424 1,230 29
oo 73 1,238 487 1,260 259

U0 000000o00o000o0oo0o0000oo0eD00O0bDnDo0o00nnDoo0oooooo

0 000000000000001998] 1220000000000

12



O00000@eYUID0N0N0N0N0N0N0N0N0N0N0N0N0Noooo2305000000000@9k)000003
gooooobbooobooboboooboooooow3yogooDooboooobooooooboboog
gooooogooo

ounug

gooboooobooooboooboboooboooobbooboboooobooboboooboOoooDo
gooooobooobooobooboooobooobbooobooobOoooLoDooboooboo
gob0bo0o0obo0ooobbooobbosg2K0boooooboooobooog
goobooboooboooboboooooobbooobobooobboooooOobooooboooboo
goooooboooboooboobooobooobbooobooobOoobooDooboooboo
goobooobobooobooobooboobooobbooobobooobooobobooooooboboooboo
goobooobobooobooobooboobooobbooobobooobooobobooooooboboooboo
goobooobbooobbooobooobooobooboooboooboobbooboooboooDbaos
goobooobobooobooobooboooobobooobbooobooobobooooooboboooDboo
goobooooobooobbooooboooobbooooboooboboo

gbooooooboobgbobooooooogoabo

gooboooobooooboooboboooboooobbooboboooobooboboooboOoooDo
(00) 00000000000k 00100000000 k0000000

000000000 noo0000000 N°oooonooooooooo NY

DDDDDDDDDD%FD kZDDDDDDDDDDDDDSDkl ’D

L

0000000000 D20000000000000000010000000000000000000
Ko

goobooobooooobbooooobboooboooobo

00000000000000000000000000000000 k

>
>

goobooooooo

000000000000000@)000000000 f(kx)O0OOOO

000000000000000000000000000000K' 00000@40000

DDDD%:%DDi:1,2DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(ZB)

gooboooobbooooobobooobooobboooobobooooboooboboooo

1 2 1
MDDDDdkl—(k)DDi=1,2DDDDDDDDDDDDDDDDDDDDDDDDD(ZQ)

ooog .
ok’ dk*

gooo

13



OoO0oO000o0ooO0O00oooO00obUooDOooooo@MyY QOO DOooooDbODObOOoOoo
O0O0000ODO0o00oObO00oObO0o0ooObDOo0oobDoOoooE L UUooboOooboOoOn

ok, (k' k?) _ ok, (k! k?) dk' _ ok, (k' k?) 1

ooog . . . .
dN' ok’ dN' ok’ K

O0i=1200000000000000000(30)

1 1 1 1
gooo dkl(k)=dkl(k)dk =dk1(k)1DDDDDDDDDDDDDDDDDDDDDDDDDDD(SI)
dN* dk* dN* dk* K

0000000
000i0000000000000n00000000000000000000000000
x,%000000i0000000n0000000000 f(k.x)(i=12)0000
00000010000 000000000000000000000000000000000000
0000000100000000000000 flk,(k'k*)x)000000000000 0000000
f(()x)000D0DOODODOONDOODOOO0ODO0000000000100000000000
000D0000000000000E0000@)0@E)0000

0000 E =n, O (k, (K, ))ﬁ—@fjmé n, OF (k, (k*).x, ﬁﬂijdeDDDDDDDDDDD@a

ok dN*! dk*  dN*

oooooooowpooooooooboooboooooooooooooobooobooooooa200o
ooooooooooooOooOoOoO0o0oOoOOOOOOOOUbOOObODObOObObObO20DODODOOOOOO
goobooooboboobbooboobobooobobooobbooooooboooooobobooooboo
oob EgbO001mb00boooobooobooooooboooboooboobooobooooboooobooo
goooooooboooooo

00000000 O00000000000O00O0D0000
oooooooodn, 000000 N*0000000 QD\BEDDDDD N'O
DDDDDDDDDEd; kZDDDDDDDDDDDDDq

all
jdodooodobooi2dddiiioioogogo kz( 1,k2)|:||:|D|:||:|D|:|OD

>
000000000000000000000000 k(k!)

>

gbooooobooboooobobooog g J
Y
uoooooooooooooooooooooooooooooooooooooooooo

000000000000 000000000000kKk' 0000000000
gbooboobobooboboobog

gbobob20000ooodooooooooooo200oooooobooboboooobooobooog
ooo0ooobo2obbobObObObObbObbbbobbobobobobobobobOoooooo f(kz,xz)DDD n, 0000

00000000000000002000000000000000000000000000 E*00
000@)oo00

14



Dooo E?=n, f (k, (K, ))ﬁ—%flﬁiDDDDDDDDDDDDDDDDDDDDDDDD@$

obooooboooobooowmonbOooboobooooobooo20000o0o00oooooooon
o0 ooooo2nooooooooooo f(kz,xz)DDDDDDDDDDnZDDDDDDDDDD
gyoooogoo f(kl,xi)DDDDDDDDDD no0ooooooooooooooboboooooon

00000000000 E'00000@E)0@E)D000

DDDDElznZDf((klkz))G‘?—(E—kz—)o"‘1 o (k, (), ﬁﬂjﬂdeDDDDDDDDDDDDQQ

ok*  dN* dk* dN*

opoooooo@Enooooooboooooboooooogooooooooooobooooobooooo
O0O00oObO0o0oOobO0o0oobO0o0ooboooooObO0ooDOoooDOBOoGooooo2
goobooobboooobboooobooooboboooobobooobooub g, 00000

E,=E'+FE’
oooo =mm@m¢wp9££%¥3§%+mu@x) ﬁ%fgdwumumumuumumumuea
01 o) el K) ¢
ok’ dN
0000

ooooooooOoOEOEO0000000000000O0O0O0O0O000000000000000040
oo0o0o0o0o0oobobooobooobO0oooooooooooooooooooooooooL2000ooo
Ooo0Ooolgooooooooigoooooooogoooooogooooooibooogoob
000000 Koo

. ok (k.- k') dk'
1,~,k'),Xi)D J(aki )dNI

|
DDDDE;£H+me@k

E,=0 (i=12--,1)

O0000000000DDO000s)

O000@ELUoooo00oxRrROOO0OO0CDOOO0CODOOOCODOOOODOO

000000000000000
oboooooo0dn, DB&DDD N’coooooonooooooo N'o

DDD[M]DD[H]Qb DDI&DDDDDDDquDDDDDDW

DDDDDDDDDDDDMDDDkﬂékﬂumuumuumumumkﬂékﬂmuumuuum

DDDDDDDDDD\DDDDDDDDDDDDQDDDDDkl(kl) >
- >
Y

DDDDDDDDDDDDDDDDYDDD
000000 00100200000000000000000200000000 k'O
000000000000 000K 00000000000 0000000000

goboooooooooobooooo

15



gooo

000ooooooooOooooo,aeey),0o0o0ddoooooonooooooooooooooooag,
0o00oo0oooooooooooge
0000oOoo0oooooooo,aesy)y,0oo00oonoooooooooooooooooooooo
0000oL00ooboooooooi12

0000 @9v),00000000000,00000000000O0O0ODODODODODODOOO20,
gooooobooood

000000000 (1e),000000000000000000000O00O000O00O00O0O0O0O0O0O0OOO
0000 @e),00000000000D000D00ODODODODODODODODODOODO270

000000000 @ew.0o0o0o00dbooodoooooooooooooooboooo,0o00oono
ooooooo,voL34.

000000000 (1999),0 1SZEO0 O O O O http:/Amww.isze.com [
OHooooooooooEeenooo/mooooooooooooooooa
(0)D000000000@eYI D000 00000000

NHKOOOOOOOO OOoOoOOoOOOoo0Oo0O01990 ,NHKO O

000000000000190000

Hatta, T. and Ohkawara, T. (1994),' Housing and the Journey to Work inthe Tokyo Metropolitan Area” in'Y ukio Noguchi
0 O O and James M. Poterb ed. Housing Marketsin the United Sates and Japan, University of Chicago Press, pp. 87-131.

16



