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114 9  

114 9 141.06 8 0.21%

113 9 1.35% 4.89%̢

0.87% 0.71% 0.53%̢

̢ 114 9

35 4 AI

̡ ̡

̢

̢

̢ 

110 1 =100  

     

 141.06 -0.21% -1.35% -4.89% 

 

 148.08  -0.26% -1.32% -4.41% 

 131.50 -0.12% -1.47% -5.72% 

 

 

 

 

 144.67  0.18% -0.06% -2.14% 

 136.71  -0.38% -2.38% -7.63% 

 140.14  -0.04% -1.03% -4.39% 

 137.21  -0.29% -2.23% -6.86% 
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1.  

1.1.  

114 9 141.06 0.21% 113

4.89%̢ 

 

1-1   

1.2.  

114 9 148.08 0.26% 113

4.41% 131.50 0.12% 113

5.72%̢ 
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1-3  

 

1-4  

1-1 110 1 =100  

    

113 9  148.32  154.91  139.49  

114 6  142.55  149.78  132.77  

114 7  141.87  149.07  132.08  

114 8  141.35  148.48  131.66  

114 9  141.06  148.08  131.50  

 -0.21% -0.26% -0.12% 

 -1.35% -1.32% -1.47% 

113  -4.89% -4.41% -5.72% 
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1.3.  

1.3.1.  ̡ ̡  

114 9 144.67 0.18% 113

2.14% 136.71 0.38% 113

7.63% 140.14 0.04% 113

4.39%̢ 
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1-7   

 

1-8 ̡ ̡  

1-2 ̡ ̡ 110 1 =100  

    

113 9  147.84 148.01 146.57 

114 6  144.39  139.40  141.03  

114 7  144.34  138.21  140.44  

114 8  144.40  137.23  140.20  

114 9  144.67  136.71  140.14  

 0.18% -0.38% -0.04% 

 -0.06% -2.38% -1.03% 

113  -2.14% -7.63% -4.39% 
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1.3.2.  ̡ ̡  

114 9 137.21 0.29% 113

6.86% 144.32 0.29% 113

4.91% 139.87 0.33% 113

5.59%̢ 
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1-11   

 

1-12 ̡ ̡  

1-3 ̡ ̡ 110 1 =100  

    

113 9  147.32 151.77 148.15 

114 6  139.55  146.22  142.00  

114 7  138.39  145.42  141.17  

114 8  137.60  144.74  140.32  

114 9  137.21  144.32  139.87  

 -0.29% -0.29% -0.33% 

 -2.23% -1.51% -1.83% 

113  -6.86% -4.91% -5.59% 
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1.3.3.  ̡ ̡  

114 9 140.39 0.04% 113

2.44% 137.06 0.17% 113

6.28% 143.53 0.71% 113

6.47%̢ 
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1-16 ̡ ̡  

1-4 ̡ ̡ 110 1 =100  

    

113 9  143.90 146.25 153.46 

114 6  140.51  137.08  146.69  

114 7  140.38  136.87  145.57  

114 8  140.34  136.83  144.55  

114 9  140.39  137.06  143.53  

 0.04% 0.17% -0.71% 

 -0.27% -0.65% -2.56% 

113  -2.44% -6.28% -6.47% 



1  
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1.3.4.  ̡ ̡  

114 9 142.26 0.75% 113

9.01% 143.07 0.46% 113

8.05% 141.76 0.87% 113

9.86%̢ 
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1-19  

 

1-20 ̡ ̡  

1-5 ̡ ̡ 110 1 =100  

    

113 9  156.34 155.60 157.27 

114 6  147.31  147.15  147.49  

114 7  145.21  145.39  145.02  

114 8  143.34  143.73  143.01  

114 9  142.26  143.07  141.76  

 -0.75% -0.46% -0.87% 

 -3.91% -3.30% -4.54% 

113  -9.01% -8.05% -9.86% 
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1.3.5.  ̡  

114 9 133.61 0.53% 113

8.42% 145.80 0.16% 113

0.12%̢ 
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1-23 ̡  

1-6 ̡ 110 1 =100  

   

113 9  145.89 145.98 

114 6  136.15  146.51  

114 7  135.30  146.34  

114 8  134.31  146.03  

114 9  133.61  145.80  

 -0.53% -0.16% 

 -1.81% -0.43% 

113  -8.42% -0.12% 
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1.4.  

114 9 141.06 8 0.21%

1.35% 113 4.89%̢

148.08 131.50̢

̡

̢

̢ 

0.87%

0.71% 0.53%

̡

0.18%̡0.17% 0.04%̢

9.86% ̡ 8.42%

8.05% ̢

̢

̢  
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2.  

2.1.  

1 114 9

241 39.81% 65.07%̢

58.44% 71.38%

̢ 

50 ̡

26 22

9

45.76% 66.67%̢ 

 

2-1 114 9  

    

 241 -39.81% -65.07% 

 

 

( ̡ ) 
133 -37.98% -58.44% 

 93 -43.62% -71.38% 

 

 

 

 

 12 -56.56% -69.23% 

 18 -33.61% -57.14% 

 18 -42.45% -64.00% 

 21 -38.51% -52.27% 

 50 -37.46% -43.82% 

 22 -38.92% -69.86% 

 26 -39.24% -74.51% 

 12 -33.33% -65.71% 

 6 -65.82% -75.00% 

 12 -38.53% -52.00% 

 6 -45.76% -66.67% 

 6 -30.00% -14.29% 

 2 -36.36% -91.67% 

 

1 ̡

̢ 
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 9 -20.27% -77.50% 

 
 

 

( ̡ ) 

2-1 114 9  
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2.2.  

114 9 1,487 8

5.41%

32.38%

̢ 

284 ̡

188 159 ̢

10.51%̡4.61%

166 ̢

6 ̢

̡ ̢ 

2-2 114 9  

  

 
  

 1,487 586  -5.41% -32.38% 

 

 

 

 

 57 1  11.76% -16.18% 

 159 71  -4.79% 4.61% 

 76 13  -7.32% -40.16% 

 93 14  -21.19% -26.77% 

 284 166  26.22% 10.51% 

 188 88  -22.95% -45.19% 

 104 10  -14.75% -27.78% 

 42 9  -17.65% -39.13% 

 63 34  -16.00% -79.61% 

 140 69  -7.89% -17.65% 

 108 53  30.12% -6.09% 

 32 16  -53.62% -41.82% 

 28 7  -20.00% -65.43% 

 52 21  -8.77% -24.64% 
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1  

1.1  

̡

̢

̢

̡ ̢

̪

̫ ̡

̢ 

1.2  

37 ̡ ̡

̡ 2 ̡ ̡ ̡ ̡

̡ ̡ ̡ ̡ ̡ ̡

̡ ̡ ̡ 14

̢ 

 

 

2 20 ̢ 
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2  

2.1  

̪ ̫ ̪ ̫ ̪ ̫ ̪

̫ ̢ 

2.1.1 Repeat Sales  

Bailey M.J. (1963)

Case and Shiller (1987)

̢ Gatzlaff and Geltner 

(1998)  

1994 1997

1994 1997 ̢ 

2-1  

Â  Â 1994  Â 1995  Â 1996  Â 1997  

 $1,000,000 NA NA $1,157,205 

 $2,299,000 $2,413,950 NA NA 

 $695,466 NA $752,146 NA 

 NA $1,738,425 $1,790,578 NA 

A 1994 1,000,000 1997

1,157,205 A  

ρȟπππȟπππzρ ὶ ᶻρ ὶ ᶻρ ὶ ρȟρυχȟςπυ 

ὶ̡ὶ̡ὶ 1994 1995 1995 1996

1996 1997
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ςȟςωωȟπππzρ ὶ ςȟτρσȟωυπ 

φωυȟτφφzρ ὶ ᶻρ ὶ χυςȟρτφ 

ρȟχσψȟτςυzρ ὶ ρȟχωπȟυχψ 

 

ρ ὶ ᶻρ ὶ ᶻρ ὶ ρȟρυχȟςπυ Ⱦ ρȟπππȟπππ 

ρ ὶ ςȟτρσȟωυπ Ⱦ ςȟςωωȟπππ 

ρ ὶ ᶻρ ὶ χυςȟρτφ Ⱦ φωυȟτφφ 

ρ ὶ ρȟχωπȟυχψ Ⱦ ρȟχσψȟτςυ 

3  

ὰὲρ ὶ ὰὲρ ὶ ὰὲρ ὶ ὰὲ 
ȟ ȟ

ȟ ȟ
 

ὰὲρ ὶ ὰὲ 
ȟ ȟ

ȟ ȟ
 

ὰὲρ ὶ ὰὲρ ὶ ὰὲ 
ȟ

ȟ
 

ὰὲρ ὶ ὰὲ 
ȟ ȟ

ȟ ȟ
 

 

ὰὲρ ὶ ρz ὰὲ ρ ὶ ρz ὰὲρ ὶ ρz ὰὲ 
ȟ ȟ

ȟ ȟ
 

ὰὲρ ὶ ρz ὰὲ ρ ὶ πz ὰὲρ ὶ πz ὰὲ 
ȟ ȟ

ȟ ȟ
 

ὰὲρ ὶ ρz ὰὲρ ὶ ρz ὰὲρ ὶ πz ὰὲ 
ȟ

ȟ
 

ὰὲρ ὶ πz ὰὲ ρ ὶ ρz ὰὲρ ὶ πz ὰὲ 
ȟ ȟ

ȟ ȟ
 

 

3 Log(A*B)=log A+log B log(A/B)=log A- log B 
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ὣ Ὀ‍ ‐ 

ὣḳὰὲ ὖȟ Ⱦὖȟ ‍ḳὰὲρ ὶ  Ὀ 0̡1

 

ὰὲ
ȟ ȟ

ȟ ȟ
πȢρτφπ‍ ρz ‍ ρz ‍ ρz 

ὰὲ
ȟ ȟ

ȟ ȟ
πȢπτψψ‍ ρz ‍ πz ‍ πz 

ὰὲ
ȟ

ȟ
πȢπχψσ‍ ρz ‍ ρz ‍ πz 

ὰὲ
ȟ ȟ

ȟ ȟ
πȢπςωφ‍ πz ‍ ρz ‍ πz 

‍  

‍ πȢπτψψὰὲ ρȢπυ 

‍ πȢπςωφὰὲ ρȢπσ 

‍ πȢπφχχὰὲ ρȢπχ 

ὶ̡ὶ̡ὶ 5%̡3% 7%

1994 ̢ 

2-2  

Â  Â 1994  Â 1995  Â 1996  Â 1997  

  5% 3% 7% 

 100 105 108 116 

̪ ̫

̢

̢

̢
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̢

̢ 

2.1.2  

McMillen (2012)

̢ 

̢

̪ ̫

̢ 

̡

̡ ̡

̪ ̫

(Deng, McMillen, & Sing, 2012, 

2014)̢  

̢ 

2.1.3  
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 2-1  

Â  

ī  

ī ̡ ̡ ̡ ̡  

ī ̡ ̡  

ī ̡  

Â  

 (2009)

̡ ̡

̢ <15%

30%

 

ī 500  

ī 10  

ī  

ī  

Â  

(Automated 

Valuation Models, AVM)
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̪

̢̫ 

Â  

N  

 ὣ ώȟώȟȢȢȟώ   ὣḳὰὲ ὖȟ Ⱦὖȟ  

 ‍ ‍ȟ‍ȟȣȟ‍  j   Êɴ ρȟςȟσȟȣȟὝ   ‍ḳ

ὰὲρ ὶ  

Ὀ ὈȟȟὈȟȟȣȟὈȟ   . 4 0̡1

)̢ 

ώ
ώ
ể
ώ

Ὀȟ Ễ Ễ Ὀȟ
Ễ Ὀȟ Ễ Ễ

Ễ Ễ Ễ Ễ
Ὀȟ Ễ Ễ Ὀȟ

‍
‍
ể
‍

‭
‭
ể
‭

  

Ὀȟ

ρȟ ὭὪ  ί Ὦ ί ὲ

πȟ              

 

s  s+n  

Ὥ , Ὦ ̢ 

‍

heteroskedasticity

Weighted Least Square, WLS ̢ Case & 

Shiller FHFA index4 ̡Cannaday, R. E., Munneke, H. J., & Yang, T. 

T.(2005)  

 

4FHFA (Federal Housing Finance Agency) 

(Fannie Mac)̡ (Freddie Mac) (Federal House Loan Bank) 
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Â (Weighted Least Square, WLS) 

WLS

ύ ύ  WLS ̢

 

1. Ὡ 

ÌÎ
ὴȟ
ὴȟ

Ὀȟ‍ Ễ Ὀȟ ‍ Ễ Ὀȟ ‍ Ὡ 

ÐȟḊ  

Ðȟ Ḋ  

ɼḊ  

2. ύ 

Ὡ  

Ὡ ὦ ὦ  צ

Â  

Â  

ὦ̡ὦ Ὡ  

Ὡ ὦ ὦ  

 ύ ρȾὩ  

i.i.d.5(Independently and identically distribution )̢ 

3. WLS ‍ 

 

̢

https://www.fhfa.gov/DataTools/Downloads/Pages/House -Price-Index.aspx 

5 i.i.d. Independent and identically distribution,iid

̢ 

https://www.fhfa.gov/DataTools/Downloads/Pages/House-Price-Index.aspx
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T N Y D ɼ

W ʀ

 

79 7Ὀ‍ ʀ 

: 

ÁÒÇ ÍÉÎ ύ ώ Ὀ‍ ÁÒÇ ÍÉÎὡ ὣ Ὀ‍  

Ὥ ρȟςȟσȟȣȟὔ 

Ὦ ρȟςȟσȟȣȟὝ 

WLS ‍  

 ‍ ὈὡὈ Ὀὡὣ 

Â  

‍  Ôɴ ρȟςȟσȟȣȟ4 1 t  ‍ 

t  

ὌὖὍ Ὡὼὴ ‍  

2.1.4  

108 4 840

101 8

1,281

 

Â  

A 108 12

A 105 12 B

2-3 ̢ 
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B A

̡ ̡ ̢

15% 30%̢ 

A 205,623.44 /  

B 197,358.66 /  

B 195,044.03 /  

B A 199,562.16 /

Aɻ 201,930.41 /  

AɻĄA  205,623.44/201,930.41 = 1.01828  

̢

̢ 

 

 2-2  

2-3  

 A B 

 10812 10512 

 
72

 

72

 

 35 32 

 

(A) 

 

(B)

 

 

 

 

(AΩ) 
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 A B 

   

 7 7 

 4 5 

(m2) 4.336 4.21 

 2 1 

 1 1 

   

( / m 2) 205,623.44 197,358.66  

Â WLS HPI 

105 12

A' 108 12 A ln(1.0183) 105 12

 (ln(1.0243)) 102 1 108 12

0.0422̢ 

  

10512 1.02433978991457 

10601 1.02117160414858 

10602 1.01931007517164 

10603 1.01852577032975 

10604 1.01838901716162 

10605 1.01855388601008 

 2-3  

Â  (Weighted Least Square, WLS)  

WLS Ὡ 

s3_weight

WLS s3_weight 1, 0 x y

HPI̢  

 

6 

4 A

4.3321796622793̢  
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HPI

Ὡ Ὡ

Ὡ̢  

Ὡ ὦ ὦ  

 ὦ= 0.00376021 ὦ= 0.00000459170358

s3_weight ὦ̡ὦ ̢ 

s3_weight = 1/Ὡ = 1 /sqrt 0.00376021+36*0.00000459170358 = 

15.96069808

WLS ̢

( ) ̢ 

  

10810 1.0321382584046 

10811 1.0327044518135 

10812 1.0329803747798 

 2-4  
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3  

Â  

̡ ̡ ̢ 

Â  

11 10

̢ 

Â  

̡ ̢ 

Â  

̪ ̫ ̪ ̫

̢ 

Â  

̡ ̡ ̡

̢ 

Â (%) 

̢ 

ρππϷ 

Â (%) 

̢

̢ 

ρππϷ 

  






