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◼ ◼ ◼ ◼ ◼ 

1,000,000 ∗ (1 + 𝑟95) ∗ (1 + 𝑟96) ∗ (1 + 𝑟97) = 1,157,205

𝑟95 𝑟96 𝑟97



2,299,000 ∗ (1 + 𝑟95) = 2,413,950

695,466 ∗ (1 + 𝑟95) ∗ (1 + 𝑟96) = 752,146

1,738,425 ∗ (1 + 𝑟96) = 1,790,578

(1 + 𝑟95) ∗ (1 + 𝑟96) ∗ (1 + 𝑟97) = 1,157,205 / 1,000,000

(1 + 𝑟95) = 2,413,950 / 2,299,000

(1 + 𝑟95) ∗ (1 + 𝑟96) = 752,146 / 695,466

(1 + 𝑟96) = 1,790,578 / 1,738,425

𝑙𝑛(1 + 𝑟95) + 𝑙𝑛(1 + 𝑟96) + 𝑙𝑛(1 + 𝑟97) = 𝑙𝑛 (
1,157,205

1,000,000
)

𝑙𝑛(1 + 𝑟95) = 𝑙𝑛 (
2,413,950

2,299,000
)

𝑙𝑛(1 + 𝑟95) + 𝑙𝑛(1 + 𝑟96) = 𝑙𝑛 (
752,146

695,466
)

𝑙𝑛(1 + 𝑟96) = 𝑙𝑛 (
1,790,578

1,738,425
)

𝑙𝑛(1 + 𝑟95) ∗ 1 + 𝑙𝑛 (1 + 𝑟96) ∗ 1 + 𝑙𝑛(1 + 𝑟97) ∗ 1 = 𝑙𝑛 (
1,157,205

1,000,000
)

𝑙𝑛(1 + 𝑟95) ∗ 1 + 𝑙𝑛 (1 + 𝑟96) ∗ 0 + 𝑙𝑛(1 + 𝑟97) ∗ 0 = 𝑙𝑛 (
2,413,950

2,299,000
)

𝑙𝑛(1 + 𝑟95) ∗ 1 + 𝑙𝑛(1 + 𝑟96) ∗ 1 + 𝑙𝑛(1 + 𝑟97) ∗ 0 = 𝑙𝑛 (
752,146

695,466
)

𝑙𝑛(1 + 𝑟95) ∗ 0 + 𝑙𝑛 (1 + 𝑟96) ∗ 1 + 𝑙𝑛(1 + 𝑟97) ∗ 0 = 𝑙𝑛 (
1,790,578

1,738,425
)

 



𝑌 = 𝐷𝛽 + 𝜀

𝑌𝑖 ≡ 𝑙𝑛 (𝑃𝑖,𝑠+𝑛/𝑃𝑖,𝑠) 𝛽𝑗 ≡ 𝑙𝑛(1 + 𝑟𝑗) 𝐷 

𝑙𝑛 (
1,157,205

1,000,000
) = 0.1460 = 𝛽95̂ ∗ 1 + 𝛽96̂ ∗ 1 + 𝛽97̂ ∗ 1

𝑙𝑛 (
2,413,950

2,299,000
) = 0.0488 = 𝛽95̂ ∗ 1 + 𝛽96̂ ∗ 0 + 𝛽97̂ ∗ 0

𝑙𝑛 (
752,146

695,466
) = 0.0783 = 𝛽95̂ ∗ 1 + 𝛽96̂ ∗ 1 + 𝛽97̂ ∗ 0

𝑙𝑛 (
1,790,578

1,738,425
) = 0.0296 = 𝛽95̂ ∗ 0 + 𝛽96̂ ∗ 1 + 𝛽97̂ ∗ 0

𝛽𝑗

𝛽95̂ = 0.0488 = 𝑙𝑛 (1.05)

𝛽96̂ = 0.0296 = 𝑙𝑛 (1.03)

𝛽97̂ = 0.0677 = 𝑙𝑛 (1.07)

𝑟95 𝑟96 𝑟97

◼ ◼ ◼ ◼ ◼ 
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◼ 

 𝑌 = (𝑦1, 𝑦2, . . , 𝑦𝑁)  (𝑌𝑖 ≡ 𝑙𝑛 (𝑃𝑖,𝑠+𝑛/𝑃𝑖,𝑠))

 𝛽 = (𝛽1, 𝛽2, … , 𝛽𝑇)  ( j ∈ {1, 2, 3, … , 𝑇}) ( 𝛽𝑗 ≡

𝑙𝑛(1 + 𝑟𝑗) )

𝐷 = (𝐷1,1, 𝐷1,2, … , 𝐷𝑁,𝑇)  N × T

[

𝑦1

𝑦2

⋮
𝑦𝑁

] = [

𝐷1,1 ⋯ ⋯ 𝐷1,𝑇

⋯ 𝐷2,2 ⋯ ⋯

⋯ ⋯ ⋯ ⋯
𝐷𝑁,1 ⋯ ⋯ 𝐷𝑁,𝑇

] [

𝛽1

𝛽2

⋮
𝛽𝑇

] + [

𝜖1

𝜖2

⋮
𝜖𝑁

] 

𝐷𝑖,𝑗 = {

1, 𝑖𝑓  𝑠 < 𝑗 ≤ 𝑠 + 𝑛

0,         

𝑖 𝑗 

𝛽𝑗

 



◼ 

𝑤𝑖 𝑤𝑖

𝑒𝑖

ln (
𝑝𝑖,𝑠+𝑛

𝑝𝑖,𝑠
) = 𝐷𝑖,1𝛽1

𝑜 + ⋯ + 𝐷𝑖,𝑠+1𝛽𝑠+1
𝑜 + ⋯ + 𝐷𝑖,𝑠+n𝛽𝑠+𝑛

𝑜 + 𝑒𝑖 

pi,s ∶  

pi,s+n ∶  

βj
o ∶  

𝑤𝑖

𝑒𝑖

𝑒𝑖
2 = 𝑏0 + 𝑏1 (

𝑖
) + ϵi 

b0  

b1  

𝑏0̂ 𝑏1̂ 𝑒𝑖
2̂  

𝑒𝑖
2̂ = 𝑏0̂ + 𝑏1̂ (

𝑖
) 

𝑤𝑖 = 1/(𝑒𝑖̂)

5

𝛽̂

 

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


β

ε

WY = W𝐷𝛽 + ε 

arg min
𝛽

∑ 𝑤𝑖 |𝑦𝑖 − ∑ 𝐷𝑖𝑗𝛽𝑗

𝑡

𝑗=1

|

2
𝑛

𝑖=1

= arg min
𝛽

‖𝑊
1
2(𝑌 − 𝐷𝛽)‖

2

 

𝑖 = 1,2,3, … , 𝑁 

𝑗 = 1,2,3, … , 𝑇 

𝛽̂

 𝛽̂ = (𝐷𝑇𝑊𝐷)−1𝐷𝑇𝑊𝑌 

◼ 

𝛽̂ t ∈ {1,2,3, … , T}  𝛽̂

𝐻𝑃𝐼𝑡 = 𝑒𝑥𝑝 (∑ 𝛽𝑗̂

𝑡

𝑗=1

) 

 

◼ 



→

 

 

 

 

 

 

’  



◼ 

◼ 

𝑒𝑖
2

 



𝑒𝑖 𝑒𝑖
2

𝑒𝑖
2̂

𝑒𝑖
2̂ = 𝑏0̂ + 𝑏1̂ (

𝑖
) 

𝑏0̂ 𝑏1̂

𝑏0̂ 𝑏1̂

𝑒𝑖̂

 





 

◼ 

◼ 

◼ 

◼ 

◼ 

◼ 

( ) − ( )

( )

× 100%

◼ 

( ) − ( )

( )

× 100%



◼ 

( ) − ( )

( )

× 100%

◼ 

 


