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Abstract: As financial and real properties markets are getting correlated with each other more and more
in these days, there is a strong need for us to have a theoretical foundation for evaluation of investments
in real estate. This fact motivates us to develop an asset market evaluation methodology that allows us to
appraise values of less-marketed real properties in the form comparable to financial market investment. We
first developed four statistical models that estimate log-prices of pieces of real estate. Two of them have the
feature of so-called mixed effects models while the rest do not. Also, another two of them are intended for
analysis conducted across strata while the rest are for analysis conducted across time. Second, we elaborated
the generation of implied capital returns on real estate investments. Thirdly, we demonstrated empirical
analyses on the Japanese housing apartment market. The result confirmed that the mixed effects model
feature facilitates the likelihood of model fitness. The methodology for generating implied capital returns
on real estate investment is useful because it would allow investors to make further analysis for investment
evaluations on the same ground of financial investment analysis. In particular, with a complete set of return
series, standard techniques in finance including the mean-variance analysis, the capital asset pricing model
(CAPM), etc. become applicable. Although the discussion here is focused only on real estate markets, the
methodology can be applied to any less-marketed assets.
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EFIV]E, BT — 7 SRV T — 7 BT AEICH
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(Hsiao [4], Fitzmaurice & [2], McCulloch & [10]). L 7=
DoT, RETNVOHEL, 1255 HORELHE LT
FEEE N7z, SAS 9.1.3 D MIXED 70 ¥ ¥+ % v TAT
52 ENTED (Littell 5 [9]). baaiz, & (8) TEEN
AHEEMREFTVD, M7OY Yy THETLIENTE
A, HEEE, BIRAHREE: (REML; Restricted Maximum
Likelihood) |2 & - T47\vy, %X, BLUP (Best Lin-
ear Unbiased Prediction) & L CiHFAZ &3 5. B,
X (10) 1I2BIT 5 v, DIGHATI G 1T, REDRET NV
IZBWT, HHIZTFTYA 352 EATE LD, RFEIC
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ZD X REERGT — # 12BWT, AB)E O Uit %
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BRF - EERRET L TH L (12) I2BV T, B
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%, W ¢S XS B EEHA M &, BT ¢ IRAE LT
PSS H\ 2B S 2 8B 00 ok - deET A L %
ZAh. INEZEE LD 0N, BRH - REHEETI,
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TTHOY I —EROBIGAEE a;p TEBLTWD. 2
g, FEEMEETLON (12) 2BV THRAEX (14)
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T
iy = Z Tr—t - air (19)
T=1

7L, wEEKE, L, dr=tDELEX1DfER LY,
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3. 1TS54 RKR-FvEL2LYE—2

4 OREYEE 3§ BB DOBRIL, &R TH S
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B ENDZLEEDOTHTHY, Lzh>T, ¥vE
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T, DUFTIE, ShEHEETLIETIVEIRET .

3.1 EOxvERZILY =
—EDORRIEIE t — 1 & ¢ I2BWT, il 4 OARE)ED
HAS Hijur & Hijy DL BTS2 F 2. 2oL
E, FrEILV) Y- IERRTEREND.
Hij o — Hiji

Ry, = it~ il 20
J,t Hij,t—l ( )

HAHWIE, KATEFREIND, WMEMEDHE T X— 2D
FYEFI V)TV VDL EBL S0,
i =108 (Hije/Hiji—1) = hije — hije—1 (21)

MHFEECIENT 22 & TE 5. ZoEMIE, filif%
DR T/ L EriThwE &, 1K Taylor &
B & D 7S 5.

rfj,t ~ R:j,t (22)

COLHIMBIREIGENT 22D TELDT, K
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3.2 BALZDARHEDAI>TIZAR - FrERILYEZ—>

T84 DAEYRE (i,§,t) ~DOHEICBITLFXYES V) ¥ —
YR, KR ICEoTEET S LI, ZIEATETDH
5. AEEREOY G, —EORERERE -1 & ¢ 128w
T, ZOxEUEG hiji—1 & hijq FEIAICXAZEIZED
OTHENLTH 5.

ZZT, R (21) IZBWT, hyyq & hyy ¥EREH,
2.5 Hi T (16) & LTIRFELIAN= v 7 - ETIVOHERE
fill, h(@iit—1) & h(@ij;it) CEEXHBEAL., ZOE
XZICkoT, BOFYEI LY ¥ — v r* 2XRAD L
INEBPT B LN TE B,

Tij,t = E(wiﬂt;i,t) — ﬁ(mij,t;i,t — 1) (23)

INE (4794 F - Fx s LY % —" (implied
capital return) | EIERZ EIZT 5. TS ¢ I2BW
TORWG S NIAREE (i, 4,t) 25, TOBMUE x;;, NE
DFF, Fpfit—1 &t IZBOWTHHIEND EIET S &
&, FHliE N7z CTHh 2 ) R Biitg D52 KL T b,

B, COREE (i,5,t) 75, BYUE 2, AEOE
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OB R ABIEDS, TNTCORN t=1,...,T T
BIENTWBIRINEERL., ZDXHIIEZLEE, IE)
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3.3 FEETHRD 5 DIERSA

KR TIRET LA TIAF - FxEFILY) I =D
ETVHBT 254798 L LT, A8 - /il - #1 [7]) A8
HIFSNbL. ZOHATHE TR (4) & LTRES R, Hil
1) & — Y OEFIZH O S N ARB S O #EETHE TV I,
KA TSNS,

HX =1 K k k k
St Y (A ) ol e (20)
k=1

A

ZOYATIIZE T, EX% bOSEOARE#E T — &~
L7t Ot R s STV, 20K 3 125R
&, REREME Hije ZHES M AHNEF (Box-Cox) 2
DINT A =5 N EEROEETHE SN TWD 2 LA
%. £ o7, L'Hopital DFH LV, 3K (26) DIEBITIEM
B\S, RPRAE log Hij = hise T LTS 5.

KGR A BCTHOONEAREET— 5 LA—Dhdi~vrva vz
420 Ths. 72721, WHEWIER T — 5 MM ET#% -
TWh.
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K
hij,t ~ Qi t + Z (ﬁfk) + I/,L(’]:)> Z‘E;)t + Eij,t (27)
k=1

S, KEHRCTHW 70 RtE 2 gy - BREMBEET
V(10) E[R—TH D, L7zh>T, REIE (i,5,t) OIS
t—1 & t 128 B EUmAZIE (11) 2 HWTERIHT
X, INEUTOX)ITHEEET 4.

WO (@i it — 1) =t h (it — 1) (28)
fAZECM) (Tij30,t) =2 B (@039, 1) (29)
X512, ZORAHEOR (8) & L TIRE S WAL
y— i3,
Hij: — Ht—l(wij,t)
Hi 1(xij¢)
72750, Hioy(zije) (&, ABIE (4,5,t) OBt — 11238

G AHEEMETH D, ZOHEIY ¥ — idiha o ilgwy
DT, 1RKD Taylor BRI &L 1,

(30)

Riji =~

Rij,t ~ IOg (1 + Rij,t) = log Hij,t — log ]:[t_l(:z:,-jvt)
= hijp — h(@ija;0,t — 1) (31)
D2, A (i,.1) OB, T OREET WO
(29) ZHWTEL LN TEL I LITEET .

=

hije = h(@ije3i,t) + €}, (32)

7220, ey, BHEEREERT. A (32) 30 (31) 1KIUA
FuUE, K (23) &0,

Riji = M@ije;i,t) + e, — M(®ije—1;i,t — 1)
= rij¢ + géj,t (33)

DF 0, AE - R - 2 [7) ORATIFZE TR S B
VY=Y R 3, KL TRETSBA T I F-Fr ¥
TN =y CHEERGE ¢, ENMLAZbDTH -
LT A LN TED.

DL ks, ORI TR SN NE
Feflits (Box-Cox 242 % fifi L 72Mlif%) Ti3) {4792 &
MTE LR\, ZOIATIIIE TIT b 72 EFE T DA R 15
DX, M BMEEETHE I EERALTIILD
T, KX (33) DIETHED TTREE 22 B .

51T, SBATIZRIC BT 28 ) ¥ — VIR K E 208
HAETH. ZOERLY, HADOREEIZOWT, 1B
MOBBEEAD) F =1 DOORELENLZTTHY,
I o TR EIEDL DR TE W, L2 - T,
e OARBHED ) & — P ICBT 2R 0 (BEHE(R )
EWVo IR T E AL DLV, 200,
ITWFZETIRERERD (IR 128w T, TihafeRBIX
e, EADKREED) ¥ — OFHEE L > T, T
WERPBR ST ED) ¥ — VIR AR L TWzDT
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H5.

/2, COX)BRTPHEEELZLIZE T, BT
D) & — 2B B HERH R A A D [l L Tz
2%, K (30) 1L BELY ¥ — > Ry, DEHIZBOT
i, B EESFIH SN TWDEOT, HEEEElEETNT
Wh,o L L, R ERG LI, e DAERED
)&= OFEER L UL, HENLHEERED TS
N, CTNEBRETHLILEDURELLDTHS.

Dhoiamx L ob &, BATHIZRTIE, ABEMMZD
WMEFETVICBWT, NEFEMiEHELRALTEBY, 2
NICEDSWTRELZZEM) & — Vi, B4 DOAREED
HRVIOERBER->TBOT, T/, HEERETEATY
7z, L7zhio T, hiGefRRBIXr I LI, RNEpREDFL
V&= aRFHRLTHNTHI L L2TE R E W)
Kotz —F, AETIIZORMEE ST 2, FEE
DA BAMAE T AMATETVERAT A2 8124,
TErrre & IEM B L, 84 OB IZBE 3 2 R IR
HaBbIlenTa/, 2F0, KFEOERE, REhE
DY) & — VHRH BRI ER T A I LT, AT
T2 DO G 2 MG EELEIX & oz~ 7 a il il
AEFEICREEN TV LT, AFRTIZEY 32
073l 4 DABIFEIZ T TEFOMNREPIR L 72 H D, &
RELT, 4 DAEEOHEGFH D20, GRLY %
EESEAT A LA E B,

EMTHOBEHGIE LT, K= b7+ ) FT0WHBHITS
N4, A8 - w5l - 20 (7] ORATHIEICB VT, bAs
Eo~ >y a ek w) <7 o R KEAEE A
CTIALR - F XV F— U EAERL T, AR
e E OB ERIERE L & DICR— b7+ ) WD
niz. 2%, BATRORKRIL, F&EEL O
BRIATIEET Y b - I v 7 ADHEME, 2Fh 7
vy b-Tuar—vay (BRRMER, AEESFOSEE
7 T ANOBERS) OPREMBEICRESNS. —FH, K
WFeDFERIE, COBET LY b - 2 v 7 ADOFEERBEIC
Mz<, ZOTRTETH L MEBEHHOEIR~NOILH E T
LHEEICT 2L DTHD. L7ehoT, E4keE%L Lok
B ERZITTELRL, REIR—b 73 T OBE»PL b,
WAPEETAE O~y a VICET ALY TIA4 R -
Fr ¥y F— AR LT, MRS AR 2/
M EMAANTZR = b 7+ VA EATH) T EHTE
5E91%5. 2%, KO RIE, EEAKERDB X
ORIR—= 17+ )+ ORI LT, EEER O EitEh
BCTHAHTEy b T —a yETTIERL, 58
MR E V) FitEa E CEET, BiEEMH 70+ A&k
NOILHEREE T 5.

3.4 KROFEHEDI>TSAK - FrvERIL)EZ—2
23 HiCTER L, HAxRETIAREED A > T T 4

© 2013 Information Processing Society of Japan

F-FrEs Ly s—rb, 328 EAMKICESLZENT

5. 2%, :{(24) IZBVT,
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(BEAAHEDS > T4 K- v ERZILYR—)
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(THIBEAREEDI > TSA K- %vEQILY2—2)
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3.5 LEEMRET 3 FEEIZE 2 D/EER

INFE T, M4 DOAREEL 2 ORENABEICET 5
AT I4R - FYEF VY &= EFRERE L THEET
H4DODFEFNVICONVTHRRTE 72, ZOHEIFSICIE
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[SPHMETeRE ] 28RE$ 4. DTICEENZ B~ 5.
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IS EHVIUL, Bt —1 25 t 122D, KBS
EMHEERIZBIT 2 BMiE s PHONL. Thth
DTFoM#HEL 2 TEFRL, A1 7I74F - FxEF LY
¥ = OHEHRGE L THRHT 5.
(BBX 5 OFHERIEZ)

Tg,t = Ei,t - Bi,tfl (38)
(THLAF0FIHEER)
7'2 i=hy —hya (39)

RS & 912, LELOTHMEREEIZRO X9 12K
THIENTEL. R (38) 12X 5 KEXSTOFH ML
Lid, BT EIKRD S, MBI P EEEE
o EYRARRE] OX vy L) & — 2 LRRENS.
FREIZ, 3K (39) 12 & 2B EROPIMEIFE L E, T
RizowTRkw 2, SHMBIZB 2 EMEZ D [F
WAEIED | FxEFVY §— Y EFERINDL, wih
DA TEIZ BT, ZOREEEEIIIR I L1
ROIZFYE R D TEALT 5. L72hi> T, FHHREE
IRABHEDSIIIC L > TS 5720, 4 ORI
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4. FEiHH

RETIX, EEORBET -7 2 HNT, R/RETL40
DK==y 7 - ETVEHEL, TOHLOLA Y TTA4 K-
FrEINY) Y — VRN EHETH-DICHWDET L
FERT A, BRI, UTOFEICL > THERIRT 5.
(NRZ v 7 - EFILOEIRFIE)

(1) 78Z2€ 7 a>EFINOER I EET LD/ OAL
ravyE—% Fp \F L CIRE L BEERET IV
(CF) LRAEFEETV (CM) ®9 B, AIC GRitho
BFHREHE) OBRTI D EEEOEVET IV T ER
5.

(2) BRIIETIOER BT L ORI T— 5
W0 L CRELZBENRET IV (TF) LRARIRE
FN (TM) @9 b, AIC OERT I ) EEEDOE W
ETNVERERRT L.

(3) BEBEFIVOBIR © L3l (1) & (2) TERSNS2D
DETNVIEHD T —F B4 20T AIC THET
LT EERNEYTHL., 22T, HEE/NT A—F D
RINES) (K774 )7 4) BDEYVENDDEREE
TIhNET L, TTTHENRT A—F LiL, EHEAME L
fERE N2 BEORERE, BLUOYRTH5.

ZLTC, LROFIEIZHE TERENZZETIVERH W,
a2 REFETLARGEDAS > TIA RN - Fr IV & —
CEREERIIE LTHEE L, ZORME ST .

IR ETEABEOT— 5L, 17 —Fv b ED
FEt2gms e EHRY AT A X VG L7, i~
T a YIZOWTORG it L B CGEEREBES) Th
B, oFa g LZIARIE, 2005 4E55 3 PUEHAA 5 2011
FEIEHFE o2 IERTHL. ZofFE~vr g
YT AT X, [RG5S K (TARHEK, fk
X, WX, EAX, #rmEx. £, s L&) 20
M EARICES (Ferh, BET18 L&) | [&iEW (F&h,
iR e &) ] [RIG (Frp, KBk&FR:) | L) 4
DOWIKIET A2 ARHED T — 5 FiH L7z, 4 DO
%, AEFEOADOBXSE LTHRTAZEICTS. K
FRESATIC BT, AEEMEBAERTIEZRC, Ttk
WAL L7z, 1FRB) ORBEMEZ ST 5. Tk
ST 2 EMEE LT, HRHOAEREIC L > THEARE
ZZ oMb [HEK (AGE, )| & [RFHD L ok
(WALK, 47) | ZHh B/,

FEASHICET L, i~y g v IlonT, F01F
K720 OFHMEOBE =R 1 ITRT.

DAL E L7zddi~ > v a Y ilish O &R0 P fifitg s
IOV THRRS, 2006 F5 3 WP zEeE LT, £0
%, 2007 4E55 1 U2 5, 2008 4E45 1 MU P ) C
FKEDE TV D, 20, 2008 SEERT-OERERO
B DAMKE I T %, 2009 4255 1 UEICK 24T 5, HlZ
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K1 75ty boME vy a VICHTAEN I LD
T8 (N) & 1¥Kd7) OFElilg (AL )
Table 1 Data set profile: Quarterly reported are the number of

observations (N) and average prices per square meters

(in ten thousand yen) for housing apartment data.

Lo ESL RRS RR 18 AEHE PN

N Ave. N Ave. N Ave. N Ave. N Ave.
2005_3| 1,508  53.00 255 76.33 903 57.55 138 2040 | 212 26.77
2005 4| 1431 5332 230 75.93 864 57.84 106 21.08 | 231 28.71
2006_1| 1,544  54.66 233 81.08 | 860 60.49 142 23.47 | 309 32.88
2006 2| 1291 5261 213 80.19 | 672 57.47 119 22.73 287 33.16
2006 3| 1,339 5246 176 73.84 | 756 61.19 118 21.59 | 289 29.21
2006 4| 1395  55.60 197 73.63 763 65.55 156 2228 | 279 34.30
2007_1| 1,739 61.22 236 77.68 | 1080  69.60 131 21.22 | 292 34.88
2007_2| 2,826  60.19 451 81.81 | 1650  66.63 278 27.84 | 447 34.72
2007_3| 2,646  59.89 398 86.89 | 1554  66.07 | 237 2594 | 457 33.00
2007 4| 2,643 6143 448 86.46 | 1534 66.78 | 244 26.01 417 3557
2008 1| 2,760  60.61 520 82.77 | 1560  66.53 | 250 25.12 | 430 3297
2008 2| 2,823 5821 527 83.62 | 1584  62.31 240 2396 | 472 33.51
2008 3| 2,773  57.90 507 82.29 | 1550  62.87 | 258 23.53 | 458 3345
2008 4| 2,722 5599 436 77.93 | 1584 61.51 244 24.83 | 458 32.64
2009_1| 2852 5446 441 76.57 | 1668  59.53 270 2497 | 473 3279
2009 2| 3,058 5535 583 80.04 | 1665 59.02 | 261 2539 | 549 3224
2009 3| 3202 5657 579 8235 | 1781  60.02 | 263 2549 | 579 3428
2009 4| 3217 5725 553 81.07 | 1788  62.92 | 262 24.21 614 3338
2010_1( 3330 5753 494 80.35 | 1920 64.29 | 292 26.81 624 33.03
20102 3,185 5735 523 86.29 | 1827  61.70 | 267 28.00 | 568 30.55
2010_3| 2,753 5618 342 81.50 | 1536  65.99 | 278 26.40 | 597 30.29
2010 4| 2401 5867 474 88.04 | 1294 62.61 177 25.25 | 456 29.92

2011 1| 2341 5736 | 371 86.10 | 1332 62.53 | 224 2540 | 414 3229
2011 2| 2773 5562 | 457  79.01 | 1548  60.56 | 256 2483 | 512 3519
2011_3| 2,119 5434 | 339 7508 | 1111 5896 | 214 2785 | 455  40.06

ELFCTEAMEMCIH A, RIZ, HIBIZXAREES T A
TEICEYMEoRE E R A L LT A, IR EE L
TP ORNTT xR v 7558, WERE 5 X, Zofh
FORHRIXES, K, B ETONEIC: 5. F72, KRG
DI =N ZDWTIE, 2O0HMDBH 5 I ENGhb.
51 0BRSS 501, FEHERL 5 X & € DMHLTHEIX
HD2ODKRHEY FATHDH. INHIE, KIFRPEZIT
DA IV T IELLRHRTHLOD, fRE L THRY
DS = IFHEWIUTW S, —, E20HEIIET S
DI, KW - liEH L W) HIFBETH Y, Fno Ok
RISy — 2 1F, BRIV TH L. F 1 OFRIEY T
WS WT-0, 81 82 DBRRTIONY — 0 2 ERHT
B, MHERONY — b LR TE S,

7, i~y va romGaelR, BIUBXSIZED
THEkEER 2 LR 3 IIRT.

F 21, P~ Yy a Y OTFHEEYR () ORYZ
RLTHBY, —7F, £ 31F, HERDL S OFIRES
(53) OERFZRL TS, T THEHTREIF, FHg
FROBERYIHER TH 5. EIERIITITFE AT RER Y
B> TN RETH HDY, 20 L) % EAMEITRZ
o, Lo T, FEEKL W) BES—ETH S
LR LT, 4 OAREE, BLOZORIENAEED A
PTFIALR - FXEILY Y — U RERTIE LTHEET S
BN o T B, T/, RERD D OFEFEAFRR b K
ZHNZH > T—ETH LD, TORELED —ETH D LK
ETHRBDPES NS Lk b,

&C, 7uAtr7aryETIVTHAHA (R) LK (10),
BLUOBRIEFTLTH A (12) &KX (14) DHEERE R %
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x 2 EUREOME P~y a rOPEER (B F)
Table 2 Attribute profile: averages of age in years for housing

apartment data.

migeh HRS ERI18 ZHE AR
2005_3 | 13.68 13.97 12.32 15.70 17.76
2005 4 | 13.27 12.95 12.18 14.74 17.02
2006_1 12.58 10.56 11.48 13.94 16.54
2006_2 | 13.91 13.44 12.85 14.15 16.65
2006_3 | 13.53 15.97 11.20 13.77 18.02
2006 4 | 12.90 15.34 10.81 14.78 15.85
2007_1 12.17 15.37 10.13 16.59 15.15
2007_2 | 12.93 13.84 11.24 14.61 17.19
2007_3 | 13.11 13.02 11.42 15.70 17.60
2007 4 | 13.12 12.90 11.79 15.14 17.06
2008_1 13.61 12.34 12.36 16.47 17.99
2008 2 | 14.26 13.11 13.33 17.23 17.15
2008_3 14.13 13.34 12.71 17.83 17.69
2008 4 | 13.57 13.86 12.10 15.41 17.44
2009 _1 13.60 14.31 12.25 15.62 16.56
2009 2 | 13.75 12.41 12.89 16.09 16.69
2009_3 | 13.05 10.69 12.34 16.13 16.20
2009 4 | 13.34 12.71 12.05 16.71 16.26
2010_1 13.95 14.74 12.37 16.20 17.11
2010_2 | 14.70 13.17 13.77 15.13 18.90
2010_3 | 14.07 14.24 12.09 16.73 17.84
2010_4 | 1491 11.49 14.13 18.83 19.16
2011_1 14.62 13.25 13.11 18.82 18.41
2011_2 | 1545 15.28 14.67 17.68 16.86
2011 3 | 1533 16.60 15.40 16.94 13.47
Average | 13.74 13.56 12.44 16.04 17.06

x 3 BUEREOME | dilivr Y a Y ORFRD 5 OFHFEL R H

(HAL T 47)
Table 3 Attribute profile: averages of walking distance from
the nearest subway/railway stations in minutes for

housing apartment data.

migeh HRS ERI18 £ZHE AR
2005_3 7.45 5.31 7.85 10.47 6.38
2005_4 7.13 4.80 7.82 9.37 5.83
2006_1 6.46 3.69 7.03 8.84 5.87
2006_2 6.97 5.00 7.49 9.42 6.20
2006_3 6.97 4.59 7.66 8.45 6.03
2006_4 6.83 5.57 7.33 8.04 5.68
2007_1 6.86 5.50 7.18 9.28 5.69
2007_2 7.08 5.22 7.57 8.78 6.08
2007_3 7.30 5.48 8.01 8.18 5.98
2007_4 7.09 5.15 7.67 8.46 6.23
2008_1 7.20 5.55 7.65 9.05 6.50
2008_2 7.11 5.36 7.78 8.53 6.13
2008_3 7.19 5.66 7.73 8.58 6.25
2008 4 7.27 5.84 7.72 9.00 6.18
2009_1 7.44 5.40 8.05 8.92 6.34
2009_2 7.25 6.09 7.74 8.89 6.24
2009_3 7.48 6.50 7.99 8.73 6.34
2009 4 7.31 5.94 7.64 9.33 6.71
2010_1 6.90 5.48 7.10 8.54 6.66
2010_2 6.88 5.09 7.25 8.85 6.40
2010_3 6.92 5.25 7.28 8.21 6.37
2010_4 6.84 5.22 7.52 7.84 6.22
2011_1 6.94 5.39 7.39 8.50 6.06
2011_2 7.08 5.70 7.45 9.27 6.08
2011 3 6.64 5.72 7.57 7.94 4.43
Average | 7.06 5.38 7.58 8.78 6.12
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4 AICORE: FostVvizrzuitsya v EFVER (8) D
ERA “Fixed(CF)” &, K (10) DRAZIS “Mixed(CM)”
'(Ménzu Ba o AIC Z/RT. A0/ R VIEEERTE TV
%3 (12) OREERE “Fixed(TF)” &, 2 (14) ORATE
“Mixed(TM)” THEwE L7260 AIC 2R
Table 4 Comparison of AICs: The left panel shows the
AICs when housing apartment prices are esti-
mated by cross-section fixed “Fixed(CF)” and mixed
“Mixed(CM)” models of Egs. (8) and (10), respec-
tively. The right panel shows the AICs when the
prices are estimated by time-series fixed “Fixed(TF)”
and mixed “Mixed(TM)” models of Egs.(12) and
(14), respectively.
YAREHLaVETILDAIC
Fixed (CF) Mixed (CM)

BRIIETILOAIC
| Fixed (TF) Mixed (TM)

2005 3| 1,154.70 1,136.70 HiISA k| 8893140  88,899.60
2005 4| 1216.30 1,173.80 BHES5 | 448220 4,405.40
2006 1| 1,409.60 1,394.30 B 18 | 31,029.60  30902.10
2006 2| 1,094.70 1,024.40 ZHE | 470730 4,685.70
2006 3| 966.00 934.40 PN 9,653.00 9,651.30
2006 4| 1,189.10 1,184.10

2007_1] 1,099.00 1,077.10

2007_2| 2,233.00 2,133.10
2007_3| 2,161.30 2,099.50
2007_4| 2281.50 2,207.80
2008_1| 2,222.40 2,072.90
2008_2| 2,638.40 2,539.10
2008_3| 2,535.60 2458.20
2008 4| 2,532.10 2,462.10
2009 _1| 2454.30 2,397.40
2009_2| 2,605.80 2,534.70
2009 3| 2,611.80 2,502.30
2009 4| 2,942.20 2,841.80
2010_1| 2,960.70 2,851.40
2010_2| 3,263.90 3,182.40
2010_3| 2,894.80 2,854.30
2010 4| 1,777.20 1,740.10
2011_1| 2,771.30 2,758.60
2011_2| 1,836.80 1,720.40
2011_3| 1,567.50 1,420.90

R 41RT.

FEDINANIE, 70AL7 L a Y ETVTHLA(B) &
X (10) 2B LB AED AICEZ R LTWA, I i),
REMEET IV TH S (10) D AIC DA, FEERE
ThNCTHBLA () DD LY /NS L, L7zhi> T, RNgiE

— I NDEEENBVERREINL, FO/HVIE, B
FHETF IV TH LR (12) LR (14) 2HEE L72H4G 0 AIC
ZRLTWA. RIED, BERETNVTH LA (14) O
AIC OJ5%, FEMEET NV TH AR (12) DHD LD B
NS, L7 o T, REET — F DG EIE W &
Wehsn, $72, MEOEE LEIZ L7225, BREMELE
L7z aAts T a ryETLVTHLR (10) LERVIET
NTH BN (14) 122V, BB TRTOMNEY, $#H1
TR L $TRTOBRFIZBNT, 22003 MAZEH LY
Fredblo shFBIcliEEsz2 253 2. o
EAERIZOWTIE, A - 5TH - &1l [6] 2SSz,

DEOfEREARN=Z Y 7 - TFVOBRTIEDO (1) &
(2) IclEsEIE, 7uxts s ay EEERVIET VO ZNL
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&5 RAEMEETZE L7073 yETIV “CM ” # (10)
EFERIIE T TM? K (14) 1B 291 B L OHAEK L
SRIES DML S D & OEMERZEIC & 5 IR

Table 5 Comparison of standard deviations of estimated in-

tercepts and coefficients: “CM” and “TM” indicate
estimations by the use of cross section mixed effects
model of (10) and, by the use of time-series mixed

effects model of (14), respectively.

HEME | EFL | HESE  BERES HEEI8 LEHE PN/
oy ™ NA. 6.80% 4.21% 15.10% 5.59%
™ 4.94% 5.27% 3.84% 11.93% 5.27%

sy | M 0.12% 0.26% 0.28% 0.47% 0.22%
™ 0.12% 0.18% 0.26% 0.33% 0.10%

g | M 0.32% 0.90% 0.30% 0.34% 0.44%
™ 0.16% 0.61% 0.13% 0.00% 0.07%

ETNICBWT, RAEMFEEZEETL70A s a v ET
wCMT%éﬁﬂmt%ﬁﬂ%?»TM?%éﬁﬂ@ﬁ
T = \OBEEENE L, Lo GERIRENS Z & HH
Lk lrol, RIS, FNH2D00FTNMIIONVT, ANF
=7 - ETVORERFIED (3) IHEVEIRT 5. 20
729012, 2ODFETIVOREE/NT A —FHS, FEHEE#IZH-
TENLSWVIESEDL D, EWVIRITF YT 1 OIS
ATz ZFORERER 5 ITRT.

COFRIE, 7uxkr T a VETIVEEERVETETILOZ
NZENZOWT, THERLERKX ST, OB LD
FARRL & SRR OHE R DTHER TN o TEN L HWVIES
DL DB (%) ICE > TURLAEDDTH L. TXT

BlIZBWT, FERFIET IV TH LR (14) OHfEEHOIE
LOED, 7UREZVayETFANTHLNA (10) DL D
I/ snz g rs. DEOBE»SIE, HerOR
BEDA > TIA4 K- FyEF V) ¥ — 0 2EERGE LT
HETHI2H720, R (14) OEERFIE 7V TM 755% b if
FLWHEZRF > TWwWb Etwnwz k9. 72720, KX Tit
FTHAN=Zv 7 - EFTVORRFIEIL 1 DO FERHICT
9, ZO1FHEIIBWTHRIINLEETIVIEHNE T —
FIZEoTHRED I B, ZORIROTT, #HRE L TER
SNTZETIVDHRERY - REMRET IV TM TH 5 (14)
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K6 RAWETEZELAEHRIETV “TM” R (14) L 7B A E”
YavETNCCM T A (10) I2LBA v TIAR - FrEy
W)y =, BLUFHMERE “Ave Ret” ORRYIILE (i

pafk, HnU5, BN 18)
Table 6 Comparison of time series among two types of im-
plied capital returns “TM” of Eq. (14) and “CM” of

Eq. (10), and also average indices “Ave Ret”: Results

RDJ

U

for entire market, Tokyo 5 and Tokyo 18.

R E2 HES B 18

™ CM  AveRet| T™M CM  AveRet| ™ CM  Ave Ret

2005_4 S1.80%  -1.78%  051% | -2.36% -2.82% -0.20% | -1.94% -1.93% -1.36%
2006_1 S1L59%  -1.60%  2.56% | 0.52%  1.46%  6.47% | 227% 1.86%  6.16%
2006 2 2.13% 2.14% -3.82% | 6.54% 6.33% -0.47% | 0.44%  0.50% -4.84%
2006_3 SL18%  -117%  0.11% | -3.28% -4.06% -9.18% | 2.84% 2.88% 7.47%
2006 4 2.05%  2.17% 4.69% | -4.19% -495% -3.05% | 4.10% 4.37%  6.40%
2007 1 1020% 9.93% 12.44% | 8.42% 899%  8.93% | 5.69% 4.97%  7.52%
2007_2 0.64%  0.70% -2.41% | 223%  220% 5.74% | -137% -1.17% -5.31%
2007_3 0.65% 0.64% -0.57% | 3.80% 3.81% 5.45% | 1.98% 145% -0.13%
2007 4 175%  1.79%  2.26% | 248% -2.61% -2.19% | 0.95% 1.11%  0.97%
2008_1 2.12%  2.10% 0.12% | -2.65% -3.74% -221% | 2.53% 2.53% 0.90%
2008_2 B07%  307%  -5.08% | 225%  2.38%  1.27% | -4.95% -492%  -7.90%
2008 3 0.92% -0.95% -0.68% | -049% -029% -0.93% | -0.84% -0.87% 0.93%
2008 4 -4.73%  -4.76% -3.11% | -4.99% -5.50% -6.51% | -4.17% -4.18% -2.42%
2009 1 177%  -L75%  229% | -1.85%  -1.92%  -2.32% | -1.69% -1.66% -2.86%
2009_2 1.22%  1.19%  118% | 1.17% 0.29% 3.99% | 029% 033% -0.81%
2009_3 0.80% 0.90% 2.61% | 1.53% 1.19% 4.07% | 130% 135% 2.29%
2009_4 0.23%  016% -0.39% | 029% 0.71% -2.37% | 1.86% 1.85%  3.39%
2010_1 2.93% 2.92% 2.02% | 246% 2.60% -123% | 3.23% 3.09% 3.57%
2010_2 0.71%  0.63% -1.73% | 3.8%% 4.29% 7.59% | -1.08% -1.06% -5.01%
2010_3 5.06%  -5.14%  -3.16% | -3.36% -3.34%  -5.97% | 2.05%  1.99%  6.32%
2010 4 8.89%  8.92%  624% | 2.712% 2.71%  8.80% | 2.73%  2.92% -3.00%
2011_1 307%  -3.08%  -231% [ 201%  2.00% -1.96% | -4.46% -4.48% -1.61%
2011 2 151%  177% -1.32% | 491% -452% 9.18% | 2.10% 2.10% -2.06%
2011 3 3.10%  2.95%  -1.51% | -242% -224% -5.07% | -1.00% -0.73% -2.88%
F9 (%) | 039% 040% 026% | 0.20% 0.12% -0.02% [ 0.54% 051% 024%
BRERE (%) | 3.53%  3.50%  3.67% | 348% 3.69% 5.25% | 2.68%  2.61%  429%

®T K6 ofs (BEHE, KB
Table 7 Continued from Table 6: Results for Nagoya and

Osaka.
Z2EHE KB

™ CM  AveRet| ™™ CM  Ave Ret

2005 4 0.07%  0.13%  5.58% | 2.74%  2.75%  6.37%
2006_1 8.54%  7.86% 11.63% | 6.93% 6.96%  8.63%
2006_2 4.34%  -3.92% -5.75% | 211%  221%  1.20%
2006 3 5.76%  -5.83% -2.62% | -4.84% -4.64% -9.66%
2006 4 2.17%  2.24%  -0.21% | 4.16%  4.32% 12.91%
2007 _1 6.59% 6.46% -2.06% | 146% 131%  3.95%
2007 2 8.44%  9.18% 17.25% | 629%  6.29% -1.96%
2007_3 3.08% 291% -0.34% | -3.59% -3.57% -4.97%
2007 _4 3.30%  -3.35%  -1.91% | 3.40%  3.40%  5.00%
2008 1 2.80% 2.52% -3.35% | 0.55% 0.71% -3.32%
2008_2 4.65% -425% -6.33% | -3.74% -3.76% -0.06%
2008 3 456% 5.35% 2.93% | -0.87% -0.86% -3.11%
2008 4 -6.13%  -5.81%  1.55% | -2.12% -2.10% -1.03%
2009 1 233% 225% 1.60% | -2.67% -2.66% 0.31%
2009 2 035% 0.33% -1.36% | 043% 035%  0.05%
2009 3 131% 1.33% 148% | 1.65% 1.83% 3.37%
2009 4 3.02%  -3.09%  -6.59% | -1.51%  -1.38%  -2.27%
2010_1 7.90%  7.85% 11.44% | 4.42%  436%  1.22%
2010 2 20.03% 0.03% 3.85% | -4.08% -421% -10.25%
2010_3 0.17%  0.52% -4.92% | -1.92% -1.80%  2.20%
2010 4 2.43%  3.01%  -4.06% | 3.18%  3.32% -1.19%
2011 1 4.65% 4.85%  3.55% | 3.15% 3.19%  6.13%
2011 2 5.02%  -5.61%  -3.24% | 3.61%  3.66%  9.04%
2011 3 1.33%  1.04%  6.52% | -2.08% -1.73% 13.66%
T (%) 1.02%  1.08%  1.03% | 0.69% 0.75%  1.51%
BERE (%) | 439%  440% 595% | 332% 3.31% 5.95%

FFE TV CM CTHEE S 7z, WA BN & @ X o AR B
DAYTIAR-FrxEI N F—V a2 FNEFN, “TM?

BIo«oM LERLLTWwD. —F, A (39) Ik 2T
EROTEHEIRIE L, 3 (38) 12 & 5 &KX 55 O T HIRHRE

%, “Ave Ret” &£ L TWw5
EE “TM? & “CM”, B X U° “Ave Ret” O I# % 555
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Fig. 1 Implied capital returns “TM” and average indices “Ave
Ret” for the area of Tokyo 18.

DRFTLRTOII, £6I12BTFS [ZOMBBHEIXE
(I 18)] DR 77 7Lz 005, B 1 TH 5.
CNERLEVTNOEAIIBWTY, BRIIHERO K
MEEFE—TH L. REOFHTHRZ, Pilivraro
1 FRD 72 ) O FIfilitg ORERYIHER (£ 1) LFEMKOMHE
MbRTWALZENTESL, LaL, o, 1075
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“Ave Ret” IZHART, ZIL e TH 5. 72721, “TM”
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DFAFUE, REINRLIMEENRT A= DRI T4 ) T4
DERDLHICHLIPTIE RV LGNS, —F, T
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3.5 81, BLXOMEE AL TRAZL91Z, “Ave Ret” (X1
SR BT OFHIARBEDOF Y T L) F— v L
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FRFR S N A YRR E O ZEENINZ T, SFHNABEDOIRE
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TAUT 4 OBIIEERPENTVDLEEZLNS,
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