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Time Series Modeling of Real Estate Prices and Its Application

HirosHI IsHIMA, T AKIRA MAEDA 2
and TOMOHIKO TANIYAMAT3

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 es-
tate 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 es-
tate. 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.

Keywords: real estate, time series model, price, rate of return, empirical anal-
ysis, financial engineering.
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Table 1 As for the data used in the apartment price analysis, the number of observations (N) and

average price (in ten thousand yen) for entire data and for each of real estate area classes

are shown quarterly.

24 AL Bl X ER HEET PN 1B

N Fty N 1y N i N iy N 1y N Fty N Fty
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 2251
2007 2 | 3,313 5533 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 2235
2008 3 | 3,320 53.26 270 15.40 511 8536 | 1,554  63.81 258 23.53 458 3345 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 7922 | 1,673  61.06 270 24.97 473 32.79 196 21.09
2009 2 | 3,693 5095 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 5295 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 8332 | 1,923  65.18 292 26.81 624 33.03 200 21.42
2010 2 | 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 8591 | 1,541 6749 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

02 0oO0oO0o0000O0OO000000000000O0O00000O00000O0O0O0O00O000O0COOOO0O0O000
goMmoooO0oO0o0o0oooo0O0o0oO0oobO0o00O0obooOonOO

Table 2 As for the data used in the apartment price analysis, we report averages of floor space (square

meters), age of apartment (years) and walking distance from nearest subway /railway station

(minutes). These are shown for entire data and for each of real estate area classes.

B ALIR #LSK #BXED ZEEM KR &R T 21F
THEBCEX) 69.40 45.24 46.63 66.01 55.19 54.04 51.35
FEHEERE) 17.10 13.17 12.30 16.07 17.27 14.39 13.96
TEHEREES () 8.43 5.46 7.60 8.74 6.24 9.80 7.38
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Table 3 Comparison of AICs when apartment prices are estimated quarterly by mixed and fixed

effect models, respectively. Also the distortion coefficients estimated by the mixed effect

model are shown.

AIC EEMR
BEHRE EEHR | DIEEE )L
2006_2 | 12,256.72  12,194.42 0.06
2006_3 12,382.24  12,354.03 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  28,494.76 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 31432.84 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
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Table 4 For generated pseudo return of apartment prices, we quarterly report the average and

standard deviation for entire data and for each of real estate area classes.

XY ALIR T LS X ER AEET PN 1B
n o n [} i [} n [} u [} u <] u <]
2006 3| -0.28%  5.26% | 2.55%  9.35% | -3.39% 2.33% | 2.83%  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% | 893%  6.56% | 4.76%  6.39% | 593%  439% | 0.63%  4.19% | 2.73%  9.97%
2007 2| 1.22%  572% | 1.03%  3.00% | 1.68%  4.64% | -1.27% 2.88% | 11.47% 8.51% | 6.77%  0.90% | -4.45%  2.20%
2007_3| 0.87%  5.60% | -021%  1.74% | 4.54%  3.08% | 1.74%  6.12% | 2.37%  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%  433% | -2.10% 12.40% | 1.63%  3.19% | 2.44% 7.71% | -191% 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% | -131% 0.55% | 027%  2.90% | -0.77% 135% | 541% 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% | -1.5%% 2.85% | -6.77%  6.07%
2009 1| -1.25%  4.30% | 5.50%  5.75% | -2.27%  2.57% | -2.11% 1.16% | 1.81%  3.81% | -3.53% 1.56% | -0.20%  9.70%
2009 2| 0.01%  4.03% | -259%  3.90% | 0.15%  2.35% | 0.35% 1.78% | 0.13% 542% | 0.01% 4.55% | 0.98%  9.50%
2009 3| 1.68%  3.87% | 2.03% 5.88% | 1.09% 1.06% | 138%  239% | 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% | 2.95%  2.46% | 6.55%  5.80% | 4.62% = 3.40% | 2.35%  3.17%
2010 2| -0.47%  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%
2010 3| 1.08%  4.23% | 421%  3.25% | -2.57% 1.10% | 1.78%  2.32% | 2.81%  8.67% | -2.66% 2.71% | 5.00%  1.77%
2010 4] 1.90%  4.42% | -2.81% 331% | 3.65% 2.87% | 2.46% 3.83% | 2.92% 2.97% | 435% 1.77% | -5.99% 4.54%
2011_1] 0.52%  5.52% | 10.68%  7.56% | 1.03%  1.38% | -2.69%  3.63% | 5.3%%  3.87% | 3.89%  2.36% | 6.34%  10.15%
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Table 5 Decomposition of generated pseudo return of apartment prices: Quarterly generated pseudo

return of apartment prices is decomposed into the entire market factor and into each factor

of real estate area classes.

% iRt #OSK XA AEHEWH  KRM EET
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% 6.771% -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%

(© 2011 Information Processing Society of Japan



Vol.2011-MPS-85 No.11

oooooooooo 2011/9/15
IPSJ SIG Technical Report
2 : 7 = . 06 0D0O0O040000000000C000O0O0O00DOOOO 3000000O0OOOOOOOOODOOOOROODO

00000%0b0000000000000%00000000000000000000000000O000
000000000000 %00000000
Table 6 Besides traditional four assets, as for three assets regarded as alternative investments, we
report their risk and return which are respectively measured by standard deviation and
average in annual percentage. Also the return per unit risk (return-to-risk ratio) is shown.
Following the panel reports the correlation coefficient between assets in percentage.

E RS ERES StE%R SEES woiay  AyUIFUR £
BERE (FEX) 21.52% 2.12% 25.70% 9.39% 4.64% 932% 12.48%
HEE (ER) -8.28% 2.38% 0.02% 0.59% 371% 3.48% 11.97%
A=Y -0.38 1.12 0.00 -0.06 0.80 0.37 0.96
FHE R IR ER%R ERES SE#KRK SNERES woiary ~AyUIFUR o
ER%R 100.00% -55.86% 87.59% 51.31% 38.93% 85.59% 29.64%
ERES -55.86% 100.00% -56.31% -50.48% -47.81% 45.42% -44.59%
S EHK 87.59% -56.31% 100.00% 73.49% 53.47% 88.81% 43.81%
S EE % 51.31% -50.48% 73.49% 100.00% 39.77% 49.80% 53.64%
i3y 38.93% -47.81% 53.47% 39.77% 100.00% 4521% 29.25%
Ay IFUR 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. 1 An example dlSplay. of return md.ex on Goog.le Maps: AC(fordmg to return index values, (%lf' Fig.2 Risk and return profiles of traditional four assets and of three assets regarded as alternative
ferent colors are assigned to the pinned locations. These pins are placed at the representative investments. Also the efficient frontier given by mean-variance model of Markowitz is shown
location, namely the city hall, for each of real estate area classes. in solid line
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