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Abstract: As real estate and financial asset markets are merging in these days, there is a strong need for us
to have a theoretical foundation for analysis of real estate investments in conjunction with both domestic and
international financial investments. The purpose of this paper is to present a dynamic equilibrium model to
evaluate prices of not only financial assets but also pieces of real estate. In particular, we extend our previous
model to a sophisticated one that allows us to create “pseudo returns” on real estate and to estimate risks
and returns on real estate investments. The results of our theory and statistical analysis here highlight the
role of real estate investments, contrasting to that of financial ones.
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NEEHITHm-72bDTHAH (Hsiao[6], Fitzmaurice et
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Tt (REML; Restricted Maximum Likelihood) (24 5T
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1FRD 7D ORI EME T 5T 5. CNEHHAT2E
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PO E E RS L A, AT EE L 72
EHORNTT v F 7T hE, WL 5 X, ZOflHE
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Loz (9) R, iKY ¥ — v o (2) RITEIVZEDY
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(N) EpF3fiits (AL )

Table 1 Quarterly reported the number of observations (V) and average prices (in ten

thousand yen) for apartment data.

&tk iR LS DR LEER P 1E@H

N E® | N E® | N Fm | N w# | N w# | N i N ¥y
2006_2 1,507 48.67 84 13.92 215 81.26 674 57.81 120 24.04 287 33.16 96 25.44
2006 3 1,502 50.43 60 16.16 177 78.83 757 62.38 118 21.59 289 29.21 84 19.59
2006 4 1,572 52.92 60 15.46 199 74.73 764 66.06 156 22.28 279 34.30 97 25.93
2007 1 2,005 57.23 79 15.67 239 80.69 1,083 70.16 131 21.22 292 34.88 139 22.51
2007 2 3,313 55.33 237 15.74 457 83.58 1,652 67.44 278 27.84 447 34.72 195 20.98
2007 3 | 3,161 55.20 283 15.96 403 91.81 1,559 67.81 237 25.94 457 33.00 183 21.62
2007 4 3,160 56.42 309 15.37 451 87.80 1,541 69.43 244 26.01 421 37.40 150 21.37
2008_1 3,197 57.07 238 15.77 528 87.46 1,565 68.56 250 25.12 430 32.97 148 20.83
2008_2 3,391 53.60 277 15.43 531 86.77 1,590 63.94 240 23.96 473 33.97 223 22.35
2008_3 3,320 53.26 270 15.40 511 85.36 1,554 63.81 258 23.53 458 33.45 224 24.17
2008 4 3,319 50.53 300 15.81 442 79.36 1,588 62.11 244 24.83 459 32.93 214 21.66
2009 1 3,389 50.36 279 15.89 445 79.22 1,673 61.06 270 24.97 473 32.79 196 21.09
2009 2 3,693 50.95 356 15.94 587 81.73 1,672 61.19 261 25.39 549 32.24 194 21.75
2009 3 | 3,728 52.63 276 16.33 585 83.39 1,789 61.34 264 26.15 579 34.28 187 19.74
2009 4 3,758 52.95 295 15.28 556 81.77 1,793 64.28 263 24.85 614 33.38 191 22,12
2010 1 3,881 53.19 284 15.03 499 83.32 1,923 65.18 292 26.81 624 33.03 200 21.42
20102 | 3,782 53.27 313 14.41 526 89.17 1,836 64.29 267 28.00 569 31.02 211 20.53
2010_3 3,316 51.59 292 16.05 346 85.91 1,541 67.49 279 27.12 597 30.29 198 21.44
2010 4 2,783 52.70 257 14.68 398 91.85 1,300 63.83 178 26.11 458 30.84 143 18.88
2011 1 2,556 55.71 94 16.94 378 88.60 1,335 63.80 225 26.95 414 32.29 87 19.53
®2 Milivr Y yoFEE CPK), FHEEE (F), BLORE)RE TOESRRO

T (45)

Table 2 Averages of floor space (square meters), age of apartment (years) and walking

distance from nearest subway /railway station (minutes) for apartment data.

B FLIRH HOSX  ZOMEBRE HHEMH KW 2R h 2%
EHEEER) 69.40 45.04 46.63 66.01 55.19 54.04 51.35
THEERE) 17.10 13.17 12.30 16.07 17.27 14.39 13.96
FEHERGES (5 8.43 5.46 7.60 8.74 6.24 9.80 7.38
EW AL 1 OFEMIIET LD, EREL X EZ %3 RAMEETNVEBMERNRETIVICE Y R~V Y g Uitk

DMMEFHX D 2 DOREE S T ATHL., Tbid
KRIREZITOV A IV V2 ZEPRIHBRTLLOD, 1k
ERDOEERFINDING — 2 EPTWD T ENGh D, —T,
82 OFIRNIET 5 DIE, ALIRTT - Al BT - KR -
i v hETH Y, ZNEOERGISY — i, 13
IR TH L. 61 OFEANIY » TV L WD, 6
1 L8552 ORERYIONY — v BT 5 &, Higafkos
Y= A B TX S,

g7, P~y a Y OGIHEOEE, BT TAD
LT — % %, R 2 1R, CFYEETIIHRL 5 XA
wAPe L, ARHARbIE. 2, HEohd~vr i3
EHBEH L SRS, R Himn 2 505,

3.2 AEEMEOHTERER

i~y a v 1 ¥k 720 OMiEICDOWT, 2006 4E
552 MU, 2011 4E45 1 TR F CoOLKMEHIZ B W
T, EEHEETV 3) REBREGHEETV 1) X% H
WeHEE R T o 72, ZOMEREY, R3ITIRT. Ihrhlb
&, TRTOMEMIZBNT, REAFMEETIVOHL, [E
FEEREFTVID G, AIC OBERTHEAEDEW T & D555
Mh. L7zhoT, DT, BRESEETLV 4) Xz
WA EFT) 22T 5. RIS, ZOLVEVETEY
N LTCRERRETIIZOWT, Gurka et al. [5] DF{EIC
L0, BPEHICBWTHEE SNAABETH G OEAE K
FTARRTHSL., ZONIE, 1 DL XICARBEMGII IR
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i L7 a0 AIC i, BIUTRAMRETIVIZE-T

e S N7z A
Table 3 Comparison of AICs when apartment prices are es-
timated quarterly by mixed and fixed effect models,
and the distortion coefficients estimated by the mixed

effect model.

AlC BEAMR
BEHE EEHE | OHE 2L
2006_2 12256.72  12,194.42 0.06
2006_3 1238224 12354.03 0.06
2006_4 12,993.48  12,974.37 0.22
2007_1 16,779.48  16,747.81 0.11
2007_2 | 27.,619.17  27,534.10 0.14
2007_3 | 26,618.19  26,524.05 0.09
2007_4 | 27,005.86  26,967.65 0.13
2008 1 | 27,192.92  27,076.73 0.07
2008_2 | 28,620.04  28494.76 0.10
2008_3 | 27,794.58  27,695.48 0.16
2008 4 | 27,533.08  27,441.95 0.22
2009_1 | 28,099.55  28,037.24 0.13
2009 2 | 30,755.18  30,589.63 0.08
2009_3 | 31,092.53  30,970.32 0.11
2009 4 | 31,532.57  31,432.84 0.15
2010_1 32,390.27  32,293.65 0.18
2010_2 | 32,122.08  32,062.15 0.17
2010_3 | 27,731.66  27,708.73 0.19
2010 4 | 23,031.47  22973.59 0.15
2011 1 | 21,847.14  21,839.28 0.29

LOMIMIETH Y, ZNUNOMEEZINS & X121E, A
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2B S N OfEEERE R AL, 0.06 7005 029 FTO/N
SHRIEDHEEI S Z L35 h b, L7ht-> T, sl
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Table 4 Quarterly reported the averages and standard deviations for pseudo return of

apartment prices.

2% AL HDSK Z Db R ER EEEH KR ki)
u <] u <] u <] u <] i <] u <] u <]
2006 3| -0.28%  526% | 2.55%  9.35% | -3.39% 2.33% | 283% 223% | -7.10% 3.22% | -3.78%  6.13% | -1.89%  2.60%
2006 4| 5.14%  8.03% | 9.12% 1.98% | -3.43% 7.64% | 534%  2.92% | 3.23%  7.24% | 5.64%  5.75% | 17.99% 16.34%
2007_1| 4.06%  7.14% | -7.62% 3.42% | 8.93%  6.56% | 476%  639% | 593%  4.39% | 0.63% 4.19% | 2.73%  9.97%
20072 1.22%  5.72% 1.03%  3.00% 1.68%  4.64% | -127% 2.88% | 11.47% 851% | 6.77%  0.90% | -4.45%  2.20%
2007_3| 0.87%  5.60% | -0.21% 1.74% | 4.54%  3.08% 1.74%  6.12% | 237%  7.38% | -3.65% 2.12% | -2.78%  2.50%
2007_4| 0.78%  532% | -241%  3.00% | -3.26%  5.10% 1.76%  3.13% | -2.81%  3.16% 6.34% 2.84% | -0.08% 11.51%
2008_1( 0.73%  7.15% | 3.97%  4.33% | -2.10% 12.40% | 1.63%  3.19% | 2.44%  7.71% | -1.91% 7.79% | 0.92%  6.96%
2008 2| -2.10%  4.74% 033% 1.12% 1.52%  2.58% | -429% 1.11% | -3.40% 4.16% | -2.94%  5.60% 3.54%  9.57%
2008 3| 0.15%  2.79% | -1.31%  0.55% | 027%  2.90% | -0.77% 135% | 5.41% 4.94% | -0.50% 1.43% | 2.70% 1.18%
2008 4| -4.10%  3.41% | -520%  4.25% | -5.07% 3.07% | -3.81% 0.41% | -4.50% 5.93% | -1.59% 2.85% | -6.77%  6.07%
2009 1| -1.25%  430% | 550% 575% | -227% 2.57% | -2.11% 116% | 181% 3.81% | -3.53% 1.56% | -0.20% 9.70%
2009 2| 0.01%  4.03% | -2.59%  3.90% 0.15%  2.35% 0.35% 1.78% 0.13%  5.42% 0.01%  4.55% 0.98%  9.50%
2009 3| 1.68%  3.87% | 2.03%  5.88% 1.09%  1.06% 1.38%  2.39%% 237%  2.80% | 236%  5.02% | 2.57%  8.72%
2009 4| 1.04%  3.00% | -1.80%  2.12% 0.73%  2.63% | 2.25%  2.07% | -1.57% 3.39% | -0.91% 2.55% | 4.16%  3.29%
2010 1| 3.59%  3.59% | 2.93% 1.67% | 4.05%  5.15% | 295%  2.46% | 6.55%  5.80% | 4.62%  3.40% | 2.35% 3.17%
2010 2| -047%  3.77% | -3.48%  2.60% | 3.81%  3.95% | 0.00% 1.70% | 0.08%  4.44% | -3.23% 1.09% | -3.26%  6.88%
20103 | 1.08%  4.23% | 421% 3.25% | -257% 1.10% | 1.78%  232% | 2.81% 8.67% | -2.66% 2.71% | 5.00% 1.77%
2010 4| 1.90%  4.42% | -2.81% 3.31% 3.65%  2.87% | 2.46%  3.83% 2.92%  2.97% | 4.35% 1.77% | -5.99% 4.54%
2011_1| 0.52%  5.52% | 10.68%  7.56% 1.03% 1.38% | -2.69%  3.63% 539% 3.87% | 3.89% 236% | 634% 10.15%
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Table 5 Decomposition of pseudo return of apartment prices.

%N igm  ELSE

IOM pwmm xmm  E@EE

# X AR
2006_3 -1.80% 2.48% -3.39%% 2.83% -7.06% -3.78% -1.89%
2006_4 6.31% 9.09% -3.39% 5.34% 3.25% 5.65% 17.90%
2007_1 2.58% -7.46% 8.90% 4.75% 5.90% 0.64% 2.73%
2007_2 2.54% 1.04% 1.68% -1.27% 11.45% 6.77% -4.44%
2007_3 0.34% -0.21% 4.51% 1.74% 2.35% -3.62% -2.74%
2007_4 -0.08% -2.40% -3.25% 1.76% -2.80% 6.32% -0.08%
2008_1 0.81% 3.87% -2.05% 1.63% 2.38% -1.86% 0.92%
2008_2 -0.88% 0.32% 1.51% -4.28% -3.39% -2.93% 3.52%
2008_3 0.97% -1.30% 0.27% -0.77% 5.40% -0.49% 2.70%
2008_4 -4.49% -5.19% -5.07% -3.81% -4.50% -1.61% -6.75%
2009_1 -0.13% 5.48% -2.27% -2.11% 1.80% -3.52% -0.20%
2009_2 -0.16% -2.53% 0.14% 0.35% 0.12% 0.01% 0.93%
2009_3 1.95% 2.02% 1.16% 1.40% 2.31% 2.34% 2.48%
2009 4 0.48% -1.79% 0.73% 2.25% -1.56% -0.91% 4.14%
2010_1 3.91% 2.95% 4.05% 2.95% 6.51% 4.62% 2.38%
2010 2 -1.01% -3.47% 3.80% -0.01% 0.07% -3.22% -3.25%
2010_3 1.43% 4.20% -2.56% 1.78% 2.81% -2.66% 4.99%
2010 4 0.76% -2.80% 3.64% 2.46% 2.91% 4.35% -5.97%
2011_1 4.10% 10.63% 1.04% -2.68% 5.38% 3.89% 6.33%

1 V45— A7y 27 XD Google Maps E~DFIRpI
Fig. 1 An example display of return index on Google Maps.
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Table 6 Risk (standard deviation, in annual %), return (average, in annual %), return

per unit risk (return-to-risk ratio) for traditional and alternative assets, and

the correlation coefficient (%) between these assets.

ERR ERES S EHRX NEES oay AyUIFUR il
EERE (EE) 21.52% 2.12% 25.70% 9.39% 4.64% 9.32% 12.48%
HA1HE (FE ) -8.28% 238% 0.02% -0.59% 3.71% 3.48% 11.97%

Ya—=2- R -0.38 112 0.00 -0.06 0.80 0.37 0.96

FEBI RS ERR ERES S EER NEES oiay AT IFUR &
ER#kR 100.00% -55.86% 87.59% 51.31% 38.93% 85.59% 29.64%
ERESH -55.86% 100.00% -56.31% -50.48% -47.81% -45.42% -44.59%
SEKR 87.59% -56.31% 100.00% 73.49% 53.47% 88.81% 43.81%
SNEES 51.31% -50.48% 73.49% 100.00% 39.77% 49.80% 53.64%
oIy 38.93% -47.81% 53.47% 39.77% 100.00% 4521% 29.25%
~NyTIPUR 85.59% -45.42% 88.81% 49.80% 4521% 100.00% 43.70%
& 29.64% -44.59% 43.81% 53.64% 29.25% 43.70% 100.00%
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Fig. 2 Risk and return profiles of traditional and alternative

assets, and the efficient frontier given by mean-variance

model of Markowitz (solid line).
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