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An Estimation Model for Time Series of Return on Investment in Each

Piece of Real Estate

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.

Keywords: real estate, price and log-return, time series analysis, financial engineering.
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Fig. 1 Implied capital returns for the area of Tokyo 18: “T'M”

shows the estimated returns based on the model of (21)
while “Ave LR” is based on the models of (23).
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Table 1 Data set profile: Quarterly reported are the number of

observations (V) and average prices per square meters

(in ten thousand yen) for housing apartment data.

ik EXE BES B 18 A2EE KB

N Ave. N Ave. N Ave. N Ave. N Ave.
2005_3| 1,508  53.00 255 76.33 903 57.55 138 20.40 | 212 26.77
2005_4| 1431 53.32 230 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 1,291 52.61 213 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| 1,395  55.60 197 73.63 763 65.55 156 22.28 | 279 34.30
2007_1( L739 6122 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 25.94 | 457 33.00
2007_4| 2,643 6143 448 86.46 | 1534 66.78 | 244 26.01 417 35.57
2008_1| 2,760  60.61 520 82.77 | 1560  66.53 250 25.12 | 430 32.97
2008 2 ( 2,823 5821 527 83.62 | 1584 62.31 240 23.96 | 472 33.51
2008 3 2,773 57.90 507 82.29 | 1550 62.87 | 258 23.53 458 33.45
2008 4| 2,722 5599 436 77.93 | 1584 61.51 244 24.83 458 32.64
2009_1| 2,852 5446 441 76.57 | 1668  59.53 270 24.97 | 473 32.79
2009_2( 3,058 5535 583 80.04 | 1665 59.02 | 261 25.39 549 32.24
20093 3202 5657 579 82.35 | 1781  60.02 | 263 25.49 579 34.28
2009 4| 3217 5725 553 81.07 | 1788 62.92 | 262 24.21 614 33.38
2010_1| 3,330 5753 494 80.35 | 1920 64.29 | 292 26.81 624 33.03
2010_2| 3,18 5735 523 86.29 | 1827 61.70 | 267 28.00 568 30.55
20103 2,753 56.18 342 81.50 | 1536  65.99 | 278 26.40 597 30.29
2010 4| 2,401 58.67 474 88.04 | 1294 62.61 177 25.25 456 29.92
20111 2341 57.36 371 86.10 | 1332 62.53 224 25.40 | 414 32.29
2011_2| 2,773 55.62 457 79.01 | 1548 60.56 | 256 24.83 512 35.19
20113 2,119 5434 339 75.08 | 1111 5896 | 214 27.85 455 40.06
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Table 2 Attribute profile: averages of age in years for housing

apartment data.

ek RERS HHE I8 £L£HE KR
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
20112 | 1545 15.28 14.67 17.68 16.86
2011 3 | 15.33 16.60 15.40 16.94 13.47
Average | 13.74 13.56 12.44 16.04 17.06
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Table 3

Attribute profile: averages of walking distance from
the nearest subway/railway stations in minutes for

housing apartment data.

miEek ERS FERI18 LEE K
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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Table 4 Comparison of AICs:

AICs of Cross-section Models

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. (3) and (5), 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. (10) and
(12), respectively.

AICs of Time Series Models

Fixed (CF) Mixed (CM) |  Fixed Mixed
2005 3 | 1,154.70  1,136.70 HiSA{k | 8893140  88,899.60
2005 4 | 121630  1,173.80 HE S | 448220  4405.40
2006 1 | 1,409.60  1,394.30 BE 18 | 31,029.60  30,902.10
2006 2 | 1,094.70  1,024.40 ZHE | 470730  4685.70
2006 3 | 966.00  934.40 KR | 9653.00  9,651.30
2006 4 | 1,189.10  1,184.10
2007_1 | 1,099.00 1,077.10
2007 2 | 2233.00  2,133.10
2007 3 | 2,161.30  2,099.50
2007 4 | 2,281.50  2,207.80
2008 1 | 222240  2,072.90
2008 2 | 2,638.40  2,539.10
2008 3 | 2,535.60  2,458.20
2008 4 | 2,532.10  2,462.10
2009 1 | 245430  2,397.40
2009 2 | 2,605.80  2,534.70
2009 3 | 2,611.80  2,502.30
2009 4 | 294220  2,841.80
2010 1 | 2,960.70  2,851.40
2010 2 | 3263.90  3,182.40
2010 3 | 2.894.80 2,854.30
2010 4 | 177720  1,740.10
2011 1 | 277130  2,758.60
2011 2 | 183680  1,720.40
2011 3 | 1,567.50  1,420.90
05 O00000O0CODOOOCOO0OOOO0OO0 “CM”05000

ooooao
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Table 5

Comparison of standard deviations of estimated inter-
cepts and coefficients “CM” (5) and “TM” (12) indi-
cate estimations by the use of cross section mixed ef-
fects model of (5) and, by the use of time-series mixed

effects model of (12), respectively.

HEE | ETIL | miGeE FES HRI8 LHE KR
g | MO | NA. 6.80% 421% 15.10% 5.59%
T™M (1) | 4.94% 5.27% 3.84% 11.93% 5.27%

smay | M | 012% 0.26% 0.28% 0.47% 0.22%
T™M(1D)| 0.12% 0.18% 0.26% 0.33% 0.10%

R | CMO) | 032% 0.90% 0.30% 0.34% 0.44%
TM (1| 0.16% 0.61% 0.13% 0.00% 0.07%
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Table 6 Implied capital returns: “T'M” indicates returns that
are estimated by the model of (21). “Ave LR” indi-
cates the average returns based on the model (23).
it k0 RIS B 18 AHE KB

AveRet TM |AveRet TM |AveRet TM [AveRet TM [AveRet TM
2005_4 051% -1.80% | -0.20% -2.36% | -1.36% -1.94% | 5.58% 0.07% | 637%  2.74%
2006_1 2.56% -1.59% | 6.47% 0.52% | 6.16%  2.27% | 11.63% 8.54% | 8.63%  6.93%
2006 2 -3.82%  2.13% | -0.47%  6.54% | -4.84% 0.44% | -5.75% -4.34% | 1.20% 2.11%
2006_3 0.11% -1.18% | -9.18% -3.28% | 747%  2.84% | -2.62% -5.76% | -9.66% -4.84%
2006 _4 4.69%  2.05% | -3.05% -4.19% | 6.40%  4.10% | -0.21% 2.17% | 12.91% 4.16%
2007_1 12.44% 1020% | 893% 842% | 7.52% 5.69% | -206% 6.59% | 3.95%  1.46%
2007_2 -241%  0.64% | 574%  2.23% | -531% -1.37% | 17.25% 8.44% | -1.96%  6.29%
2007_3 -0.57%  0.65% | 5.45%  3.80% | -0.13% 1.98% | -0.34% 3.08% [ -4.97% -3.59%
2007 _4 226%  1.75% | -2.19% -2.48% | 0.97%  0.95% | -1.91% -3.30% | 5.00%  3.40%
2008_1 0.12%  2.12% | -2.21% -2.65% | 0.90%  2.53% | -3.35% 2.80% | -3.32% 0.55%
2008_2 -5.08% -3.17% | 1.27%  2.25% | -7.90% -4.95% | -6.33% -4.65% | -0.06% -3.74%
2008_3 -0.68% -0.92% | -0.93% -0.49% | 0.93% -0.84% | 2.93% 4.56% | -3.11% -0.87%
2008 4 -3.01%  -4.73% | -6.51%  -4.99% | -2.42% -4.17% | 1.55% -6.13% | -1.03% -2.12%
2009_1 229% -177% | 232% -1.85% | -2.86% -1.69% | 1.60% 233% | 031% -2.67%
2009 2 1.18%  1.22% | 3.99% 1.17% | -0.81% 0.29% | -1.36% 0.35% | 0.05%  0.43%
2009_3 2.61% 0.80% | 4.07% 1.53% | 2.29% 1.30% | 1.48% 131% | 3.37% 1.65%
2009 4 -0.39%  0.23% | -2.37% 0.29% | 3.39%  1.86% | -6.59% -3.12% [ -2.27% -1.51%
2010_1 2.02%  2.93% | -1.23% 2.46% | 3.57% 3.23% | 11.44% 7.90% | 1.22% 4.42%
2010_2 SL73%  0.71% | 7.59%  3.88% | -5.01% -1.08% | 3.85% -0.03% [-10.25% -4.08%
2010 3 -3.16%  -5.06% | -5.97% -3.36% | 6.32%  2.05% | -4.92% 0.17% | 2.20% -1.92%
2010_4 6.24%  8.89% | 8.80% 2.72% | -3.00% 2.73% | -4.06% 2.43% | -1.19% 3.18%
20111 -231%  -3.17% | -1.96%  2.01% | -1.61% -4.46% | 3.55% 4.65% | 6.13%  3.15%
2011 2 -1.32%  1.51% | -9.18% -4.91% | -2.06%  2.10% | -3.24% -5.02% | 9.04%  3.61%
2011_3 SL51%  -3.10% | -5.07%  -2.42% | -2.88% -1.00% | 6.52%  1.33% | 13.66% -2.08%
(%) 0.26%  0.39% | -0.02%  0.20% | 0.24%  0.54% | 1.03% 1.02% | 1.51%  0.69%

ZERE (%) | 3.67% 3.53% | 525% 3.48% | 429% 2.68% | 5.95% 4.39% | 5.95%  3.32%
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