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𝑟𝑡 = 100(𝑙𝑛𝑋𝑡 − 𝑙𝑛𝑋𝑡−1)
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 𝑅𝑗𝑡 = 𝛼𝑡 + 𝛾𝑐𝑡 + 𝛿𝑖𝑡 + 𝜀𝑗𝑡 ,       𝜀𝑗𝑡  ~ 𝐼𝐼𝐷(0, 𝜎
2)                         (1)

𝛼𝑡
𝛾𝑐𝑡 𝛿𝑖𝑡
𝜀𝑗𝑡

𝑅𝑗𝑡 = 𝛼𝑡 +∑𝛾𝑐𝑡𝐶𝑐𝑗 +∑𝛿𝑖𝑡𝐼𝑖𝑗

10

𝑖=1

17

𝑐=1

+ 𝜀𝑗𝑡 ,     𝑗 = 1,… .𝑁𝑡                (2)

𝐶𝑐𝑗  𝐼𝑖𝑗 𝐶𝑐𝑗

𝐶𝑐𝑗 𝐼𝑖𝑗

𝐼𝑖𝑗
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𝑠. 𝑎   ∑𝑣𝑐𝑡𝛾𝑐𝑡 = 0        ∑𝑤𝑖𝑡𝛿𝑖𝑡 = 0,    ∀𝑡,

10

𝑖=1

17

𝑐=1

𝑣𝑐𝑡 𝑤𝑖𝑡

𝛾𝑐𝑡 (𝛿̂𝑖𝑡)

𝑅𝑗,𝑞 = ∑ 𝛽𝑗𝑞
𝑘 𝑓𝑡
𝑘

𝑘=𝐺,𝐶,𝐼

+ 𝑒𝑗𝑡                                                             (3)

𝑓𝑡
𝑘

𝛽𝑗𝑞
𝑘

𝑒𝑗𝑡  

𝑇𝑞 𝑇𝑞

𝑉𝑎𝑟 (𝑅𝑗,𝑞) =  ∑ (𝛽̂𝑗,𝑞
𝑘 )
2

𝑘=𝐺,𝐶,𝐼

+ 𝜎̂𝑗,𝑞
2                                                    (4)        

𝜎̂𝑗,𝑞
2

𝑅𝑗,𝑞

𝑃𝑉𝑞
𝑘 = ∑𝜔𝑗,𝑞

(𝛽̂𝑗,𝑞
𝑘 )
2

𝑉𝑎𝑟𝑞(𝑅𝑗,𝑞)
                                                        (5)

𝑁𝑞

𝑗=1

𝑃𝑉𝑞
𝑘

𝜔𝑗𝑞

𝑁𝑞

𝑃𝑉𝑞
𝑐   

𝑅𝑗

𝑓𝑡
𝑘
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𝑃𝑉𝑐

𝑀𝑃𝑉𝑞
𝑘 = 

1

𝑚
∑(𝑚 + 𝑞 − 1)

𝑄

𝑞=1

(∏𝑃𝑉𝑞
𝑘

𝐺

𝑐=1

)1/𝐺                         (6)

(𝑃𝑉𝑞
𝑔
/  𝑃𝑉𝑞

𝑐)

(𝑃𝑉𝑞
𝑐/  𝑃𝑉𝑞

𝑖)

𝑦𝑐,𝑞 = 𝛼𝑐 +  𝜃𝑋𝑐,𝑞 + 𝜀𝑐,𝑞 ;   𝜀𝑐,𝑞  ∼ 𝐼𝐼𝐷 (0, 𝜎
2) ;    𝑞 = 1, 2,… 𝑇;    𝑐 = 1, 2, 3            (7)      

                    𝑦𝑐,𝑞 = 𝛼𝑐 +  𝜃𝑋𝑐,𝑞−1 + 𝜀𝑐,𝑞;        

𝑦𝑐,𝑞 𝑃𝑉𝑐 𝜃

𝑋𝑐,𝑞 𝑋𝑐,𝑞−1 𝜀𝑐,𝑞
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𝑃𝑉𝑐

𝑦𝑐,𝑞 = 𝛼𝑐 + ∑𝜆𝑖𝐷𝑖

3

𝑖=2

+∑𝐷𝑖

3

𝑖=1

[𝜃1,𝑐𝑋1,𝑐 + 𝜃2,𝑐𝑋2,𝑐 +⋯+ 𝜃𝑘,𝑐𝑋𝑘,𝑐] + 𝜀𝑐,𝑞      (8) 

{
𝐷1 = 1,   𝑠𝑖 1995𝑞1 < 𝑡 < 1998𝑞4;  0 
𝐷2 = 1,   𝑠𝑖 1999𝑞1 < 𝑡 < 2007𝑞4;  0 
𝐷3 = 1,   𝑠𝑖 2008𝑞1 < 𝑡 < 2013𝑞4;  0 

𝜀𝑐,𝑞 ∼ 𝐼𝐼𝐷(0, Ω)

𝜆𝑖
𝐷𝑖 Ω

𝑃𝑉𝑐  

𝑃𝑉𝑐 𝑃𝑉𝑐 𝑖,𝑠

𝜔𝑡 = 𝜅0 + ∑𝜙𝑖𝜔𝑞−𝑖 + ∑𝜒𝑗𝜀𝑞−𝑗 + 𝜀𝑡 ,

𝑞

𝑗=1

𝑝

𝑖=1

     𝜀𝑡~ 𝐼𝐼𝐷(0, 𝜎
2)            (9)

                                                           
15 α𝑐

α𝑐
𝜅 𝜙ℎ

𝑑𝑖,𝑡

𝛼̂ = 𝜅̂ + ∑ 𝜙̂ℎ𝑑𝑖,𝑡(ℎ)

𝑁−1

ℎ=1

 

 
𝑃𝑉𝑐 𝑃(𝑃𝑉𝑐 𝑖,𝑠|𝑿𝑓𝑡)

𝜀 𝑖,𝑠  
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𝜔𝑡

𝜅0
𝜙𝑖

𝜒𝑗

𝑅𝑝,2 = ln (
Pt
Pt−1
) + ln (

Pt−1
Pt−2
),       𝑅𝑝,𝑞 = ∑ln(𝑃𝑖 − 𝑃𝑖−1) 100

𝑞

𝑖=1

                      (10)

𝑅𝑝,2 

𝑅𝑝,𝑞

𝐷𝑇𝑝,𝑞 = √
1

𝑞 − 1
∑[ln (

𝑃𝑖
𝑃𝑖−1
) − 𝑟̅𝑞]

2
𝑞

𝑖=1

                                                                      (11) 

𝐷𝑇𝑝,𝑞

𝑟̅𝑝,𝑞

                                                           
17 𝑃𝑖 𝑃𝑗

 

𝜌 =  
∑ (𝑃𝑖 − 𝑃̅𝑖). (𝑃𝑗 − 𝑃̅𝑗)
𝑁
𝑖,𝑗=1

√∑ (𝑃𝑖 − 𝑃̅𝑖)
2𝑁

𝑖=1 . √∑ (𝑃𝑗 − 𝑃̅𝑗)
2𝑁

𝑗=1

= 
𝑐𝑜𝑣 (𝑃𝑖 , 𝑃𝑗)

𝜎𝑖𝜎𝑗
;    0 ≤  𝜌 ≤ 1 
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𝑷𝑽𝒄

𝑃𝑉𝑐
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𝑃𝑉𝑐

𝑃𝑉𝑐,𝑞
𝑐 = 𝛼𝑐 + 𝜆3𝐷3 +∑𝐷𝑖

3

𝑖=1

[𝜃1,𝑐𝐷𝐸𝑆𝐸𝑀𝑐 + 𝜃2,𝑐𝐵𝑂𝑁𝑂𝐺10𝑌𝑐 + 𝜃3,𝑐𝐷𝐸𝑈𝐷𝐴𝑐,𝑞−1 + 𝜃4,𝑐𝐻𝐶𝐼𝑃_𝑉𝐴𝑅𝑐,𝑞−1]  + 𝜀𝑐,𝑞   (12) 

                                                           

𝑃′𝑃 =  Ω−1

𝑃′

𝜃𝑀𝐶𝑂 =

(𝑋𝑡𝑋)−1𝑋𝑡𝑌;    𝑉𝑎𝑟(𝜃𝑀𝐶𝑂) =  𝜎2(𝑋𝑡𝑋)−1

𝜃𝑀𝐶𝐺 = (𝑋′Ω−1𝑋)−1𝑋′Ω−1𝑌;  Var(𝜃𝑀𝐶𝐺) =

 𝜎2(𝑋𝑡Ω−1𝑋)−1
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 𝜃𝑅𝐴𝑁𝑅 =

(𝑋′(Σ̂−1⨂𝐼𝑡)𝑋)
−1
𝑋′(Σ̂−1⨂𝐼𝑡)𝑌, Σ̂−1

𝜎̂𝑖𝑗 = (𝑦𝑖 − 𝑥𝑖𝜃
𝑅𝐴𝑁𝑅)

2
/𝑇
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𝑃𝑉𝑐

𝑃𝑉𝑐

𝑃𝑉𝑐

                                                           

22 http://www.eldiario.es/agendapublica/impacto_social/Toda-politica-monetaria-BCE-graficos_0_353815033.html 
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http://www.eldiario.es/agendapublica/impacto_social/Toda-politica-monetaria-BCE-graficos_0_353815033.html
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𝑃𝑉𝑐

𝑃𝑉𝑐
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min𝜔𝑐,𝑞
′Ω𝜔𝑐,𝑞 , 𝑠. 𝑎 ∶  ∑𝜔𝑐,𝑞 = 1, 𝜔𝑐,𝑞 ≥ 0,    𝑞 = 1, 2, 3, …𝑇      (13) 

𝑁

𝑐=1

Ω,

𝜔𝑐

Ω−1 1𝑁

𝜔𝑐,𝑞
𝑚𝑣 = 

Ω−11𝑁
1𝑁
′ Ω−11𝑁

                                                                                  (14)
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𝑅𝑞 = 𝜔𝑐,𝑞
′ 𝐸(𝑟𝑐,𝑞)

                                                           
33 𝜎𝑃,𝑞

2 =
1

𝑍
[𝑌𝐸(𝑅𝑞)

2 − 2𝑊𝐸(𝑅𝑞) + 𝑋], donde 𝑋 = 𝐸
′Ω−1𝐸;𝑊 = 𝐸′Ω−11𝑁; 𝑌 = 1𝑁

′ Ω−11𝑁; 𝑍 = 𝑋𝑌 −𝑊
2  
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