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𝑖 ∈ (0.1)

𝐶𝑡
𝑝

𝐿𝑡
𝑝

𝐻𝑡
𝑝

𝑚𝑎𝑥 𝐸0∑𝛽𝑃
𝑡

∞

𝑡=0

(𝑙𝑛 𝐶𝑡
𝑝 (𝑖) + 𝑗 𝑙𝑛𝐻𝑡

𝑝(𝑖) −
(𝐿𝑡
𝑝(𝑖))

𝜂

𝜂

) (1) 

𝑤𝑡
𝑃

𝑟𝑡
𝑑 𝑅𝑡

𝐾𝑞𝑡
𝐾𝐾𝑡−1

𝑃

𝑇𝑡

𝐵𝑡
∗

𝐷𝑡

𝐶𝑡
𝑝(𝑖) + 𝑞𝑡

𝐾 (𝐾𝑡
𝑝(𝑖) − (1 − 𝛿𝐾)𝐾𝑡−1

𝑝 (𝑖)) + 𝑞𝑡 (𝐻𝑡
𝑝(𝑖) − (1 − 𝛿𝐻)𝐻𝑡−1

𝑝 (𝑖)) + 𝐷𝑡(𝑖)

+ 𝑒𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )

𝐵𝑡−1
∗ (𝑖)

𝜋𝑡

= 𝑤𝑡
𝑃𝐿𝑡
𝑃(𝑖) + (1 + 𝑟𝑡−1

𝑑 )
𝐷𝑡−1(𝑖)

𝜋𝑡
+ 𝑅𝑡

𝐾𝑞𝑡
𝐾𝐾𝑡−1

𝑃 (𝑖) + 𝑒𝑡𝐵𝑡
∗(𝑖)

+ 𝑇𝑡(𝑖) 

(2) 

𝜌𝑡

𝑠𝑡

𝐸𝑡 (
𝑠𝑡+1
𝑠𝑡
) =

(1 + 𝑟𝑡
𝑑)

(1 + 𝜌𝑡)(1 + 𝑟𝑡
∗)
𝐸𝑡 (

𝜋𝑡+1
∗

𝜋𝑡+1
) 

15 𝜋𝑡 𝜋𝑡
∗ 𝑠𝑡 =

𝑒𝑡 𝑃𝑡
∗

𝑃𝑡



 

(1 + 𝜌𝑡) = 𝑒𝑥𝑝 (−𝜑
𝑒𝑡𝐵𝑡

∗

𝑌𝑡
𝐸 ) 𝜀𝑡

𝜌 (4) 

 

𝑖 ∈

(0.1)

𝛽𝐼 𝛽𝑃

𝑚𝑎𝑥 𝐸0∑𝛽𝐼
𝑡

∞

𝑡=0

(𝑙𝑛 𝐶𝑡
𝐼(𝑖) + 𝑗 𝑙𝑛𝐻𝑡

𝐼(𝑖) −
(𝐿𝑡
𝐼 (𝑖))

𝜂

𝜂

) (5) 

𝑤𝑡
𝐼𝐿𝑡
𝐼 𝐵𝑡

𝐼

𝑟𝑡−1
𝐼

𝐶𝑡
𝐼(𝑖) + 𝑞𝑡(𝐻𝑡

𝐼(𝑖) − (1 − 𝛿𝐻)𝐻𝑡−1
𝐼 (𝑖)) + (1 + 𝑟𝑡−1

𝐼 )
𝐵𝑡−1
𝐼 (𝑖)

𝜋𝑡
= 𝐵𝑡

𝐼(𝑖) + 𝑤𝑡
𝐼𝐿𝑡
𝐼 (𝑖) (6) 

𝑚𝑡
𝐼

𝑚𝑡
𝐼

𝐸𝑡
(1 + 𝑟𝑡

𝐼)

𝜋𝑡+1
𝐵𝑡
𝐼(𝑖) ≤ 𝑚𝑡

𝐼𝐸𝑡𝑞𝑡+1(1 − 𝛿𝐻)𝐻𝑡
𝐼(𝑖) (7) 

 

𝑖 ∈ (0.1)

𝐶𝑡
𝐸



 

𝑚𝑎𝑥 𝐸0∑𝛽𝐸
𝑡

∞

𝑡=0

(𝑙𝑛 𝐶𝑡
𝐸 (𝑖)) (8) 

𝑌𝑡
𝐸

𝑌𝑡
𝐸(𝑖) = 𝐴𝑡 [(𝐾𝑡−1

𝐸 (𝑖))
𝜎
(𝐾𝑡−1

𝑃 (𝑖))
(1−𝜎)

]
𝛼

[(𝐿𝑡
𝑝(𝑖))

𝛾

(𝐿𝑡
𝐼 (𝑖))

(1−𝛾)
]
(1−𝛼)

 (9) 

 𝐴𝑡 𝐾𝑡
𝐸

𝐵𝑡
𝐸)

𝐶𝑡
𝐸(𝑖) + 𝑞𝑡

𝐾(𝐾𝑡
𝐸(𝑖) − (1 − 𝛿𝐾)𝐾𝑡−1

𝐸 (𝑖)) + 𝑤𝑡
𝑃𝐿𝑡
𝑃(𝑖) + 𝑤𝑡

𝐼𝐿𝑡
𝐼 (𝑖)

+ (1 + 𝑟𝑡−1
𝐸 )

𝐵𝑡−1
𝐸 (𝑖)

𝜋𝑡
+ 𝑅𝑡

𝐾𝑞𝑡
𝐾𝐾𝑡−1

𝑃 (𝑖) =
𝑃𝑡
𝐸

𝑃𝑡
𝑌𝑡
𝐸(𝑖) + 𝐵𝑡

𝐸(𝑖) 
(10) 

𝑞𝑡
𝐾 𝑃𝑡

𝐸

𝛿𝑘

𝑚𝑡
𝐸

𝐸𝑡
(1 + 𝑟𝑡

𝐸)

𝜋𝑡+1
𝐵𝑡
𝐸(𝑖) ≤ 𝑚𝑡

𝐸𝑞𝑡+1
𝐾 𝐸𝑡(1 − 𝛿𝐾)𝐾𝑡

𝐸(𝑖) (11) 
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(1 + 𝑟𝑡
𝑑)

𝜋𝑡+1

𝑞
𝑡
𝐾

𝑞
𝑡+1
𝐾

= (1 − 𝛿𝐾) + 𝑅𝑡+1
𝐾  (12) 

𝜎

𝐾𝑡
𝐸

𝐾𝑡
𝑃

 

𝑗 ∈ (0.1)

𝐵𝑡
𝐸(𝑗) + 𝐵𝑡

𝐼(𝑗) + 𝐵𝑡
𝐶𝐵(𝑗) = 𝐷𝑡(𝑗) + 𝐾𝑡

𝐵(𝑗) (13) 



 

𝐵𝑡
𝐶𝐵

𝐾𝑡
𝐵

𝛱𝑡
𝐵

𝐾𝑡
𝐵(𝑗) = (1 − 𝛿𝐾𝐵)

𝐾𝑡−1
𝐵 (𝑗)

𝜋𝑡
+ 𝜒

𝛱𝑡−1
𝐵 (𝑗)

𝜋𝑡
 (14) 

𝜒 𝛿𝐾𝐵

𝑟𝑡
𝐸 𝑟𝑡

𝐼 𝑟𝑡

𝑟𝑡
𝑑

𝛹𝑡

𝛹𝑡
𝑟𝑒𝑔

𝛹𝑡 = (
𝛹

𝛹
𝑟𝑒𝑔)𝛹𝑡

𝑟𝑒𝑔 (15) 

𝜅𝑑  𝜅𝐸 𝜅𝐼

𝛱𝑡
𝐵(𝑗) = (𝑟𝑡

𝐸(𝑗))𝐵𝑡
𝐸(𝑗) + (𝑟𝑡

𝐼(𝑗))𝐵𝑡
𝐼(𝑗) + (𝑟𝑡 )𝐵𝑡

𝐶𝐵(𝑗) − (𝑟𝑡
𝑑(𝑗)) 𝐷𝑡(𝑗)

−
𝜅𝐿
2
(
𝐵𝑡
𝐸(𝑗) + 𝐵𝑡

𝐼(𝑗)

𝐾𝑡
𝐵(𝑗)

− 𝛹𝑡)

2

𝐾𝑡
𝐵(𝑗) −

𝜅𝑑
2
(
𝑟𝑡
𝑑(𝑗)

𝑟𝑡−1
𝑑 (𝑗)

− 1)

2

𝑟𝑡
𝑑𝐷𝑡

−
𝜅𝐸
2
(
𝑟𝑡
𝐸(𝑗)

𝑟𝑡−1
𝐸 (𝑗)

− 1)

2

𝑟𝑡
𝐸𝐵𝑡

𝐸 −
𝜅𝐼
2
(
𝑟𝑡
𝐼(𝑗)

𝑟𝑡−1
𝐼 (𝑗)

− 1)

2

𝑟𝑡
𝐼𝐵𝑡
𝐼  

(16) 

𝛹 𝛹
𝑟𝑒𝑔



 

𝐷𝑡(𝑗) = (
𝑟𝑡
𝑑(𝑗)

𝑟𝑡
𝑑 )

−𝜀𝑑

𝐷𝑡  (17) 

𝐵𝑡
𝐼(𝑗) = (

𝑟𝑡
𝐼(𝑗)

𝑟𝑡
𝐼 )

−𝜀𝑏𝑖

𝐵𝑡
𝐼 

(18) 

𝐵𝑡
𝐸(𝑗) = (

𝑟𝑡
𝐸(𝑗)

𝑟𝑡
𝐸 )

−𝜀𝑏𝑒

𝐵𝑡
𝐸  

(19) 

𝜀𝑑  𝜀𝑏𝑖 𝜀𝑏𝑒

𝛱𝑡
𝐵

𝑚𝑎𝑥 𝐸0∑𝛬0,𝑡
𝑃

∞

𝑡=0

𝛱𝑡
𝐵(𝑗) 

(20) 

1 +
𝜀𝑏𝑖

𝑟𝑡
𝐼 (𝑟𝑡 + 𝜅𝐿 (

𝐵𝑡
𝐸 + 𝐵𝑡

𝐼

𝐾𝑡
𝐵 − 𝛹𝑡)) + 𝛽𝑃

𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 (𝜅𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 − 1)

𝐵𝑡+1
𝐼

𝐵𝑡
𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 )

2

)

= 𝜀𝑏𝑖 + 𝜅𝐼 (
𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 1)

𝑟𝑡
𝐼

𝑟𝑡−1
𝐼  

(21) 

1 +
𝜀𝑏𝑒

𝑟𝑡
𝐸 (𝑟𝑡 + 𝜅𝐿 (

𝐵𝑡
𝐸 + 𝐵𝑡

𝐼

𝐾𝑡
𝐵 − 𝛹𝑡)) + 𝛽𝑃

𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 (𝜅𝐸 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 − 1)

𝐵𝑡+1
𝐸

𝐵𝑡
𝐸 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 )

2

)

= 𝜀𝑏𝑒 + 𝜅𝐸 (
𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 1)

𝑟𝑡
𝐸

𝑟𝑡−1
𝐸  

(22) 
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𝜀𝑑 + 𝛽𝑃
𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 𝜅𝑑 (

𝑟𝑡+1
𝑑

𝑟𝑡
𝑑
− 1)

𝐷𝑡+1
𝐷𝑡

(
𝑟𝑡+1
𝑑

𝑟𝑡
𝑑
)

2

= 1 +
𝑟𝑡

𝑟𝑡
𝑑
(𝜀𝑑 ) + 𝜅𝑑 (

𝑟𝑡
𝑑

𝑟𝑡−1
𝑑
− 1)

𝑟𝑡
𝑑

𝑟𝑡−1
𝑑

 
(23) 

 

𝐻𝑡 𝐾𝑡

𝐼𝑡
𝐻 𝐼𝑡

𝐾

𝐻𝑡 = (1 − 𝛿𝐻)𝐻𝑡−1 + 𝜀𝑡
𝐻 (1 −

1

2
𝜅𝐻 (

𝐼𝑡
𝐻

𝐼𝑡−1
𝐻 − 1)

2

) 𝐼𝑡
𝐻 (24) 

𝐾𝑡 = (1 − 𝛿𝐾)𝐾𝑡−1 + 𝜀𝑡
𝐾 (1 −

1

2
𝜅𝐾 (

𝐼𝑡
𝐾

𝐼𝑡−1
𝐾 − 1)

2

) 𝐼𝑡
𝐾  

(25) 

 

(1 − 𝜃𝐻)  

𝑃𝑡
𝐻 =

𝑃𝑡−1
𝐻 𝜋𝑡−1

𝐻

𝑃𝑡
𝐻 = (𝜃𝐻(𝑃𝑡−1

𝐻 𝜋𝑡−1
𝐻 )1−𝜀𝐻 + (1 − 𝜃𝐻)(𝑃𝑡−1

𝐻 (𝑖))
1−𝜀𝐻

)

1
1−𝜀𝐻  (26) 

𝜀𝑏𝑖

𝜀𝑏𝑖−1

𝜀𝑏𝑒

𝜀𝑏𝑒−1

𝜀𝑑

𝜀𝑑 −1

𝜀𝑡
𝐻 𝜀𝑡

𝐾 𝜎𝜀ℎ 𝜎𝜀𝑘
𝜃𝐻 ∈ [0,1]
𝜀𝐻

𝜀𝐻−1



 

𝑃𝑡
𝐹 = (𝜃𝐹(𝑃𝑡−1

𝐹 𝜋𝑡−1
𝐹 )1−𝜀𝐹 + (1 − 𝜃𝐹)(𝑃𝑡

𝐹(𝑖))
1−𝜀𝐹

)

1
1−𝜀𝐹  (27) 

𝑃𝑡
𝐻∗(𝑖)

𝑦𝑡
𝐻∗(𝑖) = (

𝑃𝑡
𝐻∗(𝑖)

𝑃𝑡
𝐻∗

)

−(1+𝜇𝐻∗)

𝜇𝐻∗

𝑦𝑡
𝐻∗  (28) 

𝑦𝑡
𝐻∗

𝑦𝑡
𝐻∗ = (∫(𝑦𝑡

𝐻∗(𝑖))

1
1+𝜇𝐻∗ 𝑑𝑖

1

0

)

1+𝜇𝐻∗

 (29) 

𝑃𝐻,𝑡
∗

𝑃𝑡
𝐻∗ = (∫(𝑃𝐻,𝑡

∗ (𝑖))

−1
𝜇𝐻∗ 𝑑𝑖

1

0

)

−𝜇𝐻∗

 (30) 

𝑃𝑡
𝑥∗ 𝑦𝑡

∗

𝑦𝑡
𝐻∗ = (1 − 𝜂∗) (

𝑃𝑡
𝐻∗

𝑃𝑡
𝑥∗)

−(1+𝜇𝐻∗)

𝜇𝐻∗

𝑦𝑡
∗ (31) 

𝑃𝑡
𝐻∗ = (𝜃𝐻∗(𝑃𝑡−1

𝐻∗ 𝜋𝑡−1
𝐻∗ )

1−𝜀𝐻∗ + (1 − 𝜃𝐻∗) (𝑃𝑡
𝐻∗(𝑖))

1−𝜀𝐻∗
)

1
1−𝜀𝐻∗

 (32) 

 

𝑦𝑡
𝐻 𝑦𝑡

𝐹



 

𝑦𝑡 = [𝜉
𝜇
1+𝜇(𝑦𝑡

𝐻)
1
1+𝜇 + (1 − 𝜉)

𝜇
1+𝜇(𝑦𝑡

𝐹)
1
1+𝜇]

1+𝜇

 (33) 

𝜉 𝜇

 

(1 + 𝑟𝑡) = (1 + 𝑟 )1−𝜙𝑅(1 + 𝑟𝑡−1)
𝜙𝑅 ((

𝜋𝑡
𝜋
)
𝜙𝜋
(
𝑌𝑡
𝐸

𝑌𝐸
)

𝜙𝑦

)

1−𝜙𝑅

𝜀𝑡
𝑟 (34) 

𝜙𝜋 𝜙𝑦 𝜀𝑡
𝑟

 

𝑦𝑡 = 𝐶𝑡
𝑝
+ 𝐶𝑡

𝐼 + 𝐶𝑡
𝐸 + 𝐼𝑡

𝐾 + 𝐼𝑡
𝐻 + 𝛿𝐾𝐵

𝐾𝑡−1
𝐵

𝜋𝑡
 (35) 

𝑦𝑡
𝐸 = 𝑦𝑡

𝐻 + 𝑦𝑡
𝐻∗  (36) 

𝐻𝑡 = 𝐻𝑡
𝑝
+ 𝐻𝑡

𝐼  (37) 

𝐾𝑡 = 𝐾𝑡
𝑝
+ 𝐾𝑡

𝐸  (38) 

𝜎𝜀𝑟

𝐵̃𝑡
∗ =

𝐵𝑡
∗

𝑃𝑡
∗ ; 𝑝𝑡

𝐹∗ =
𝑃𝑡
𝐹∗

𝑃𝑡
∗ 𝑝𝑡

𝐻∗ =
𝑃𝑡
𝐻∗

𝑃𝑡
∗



 

𝑠𝑡𝑝𝑡
𝐹∗𝑦𝑡

𝐹 + 𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )

𝐵̃𝑡−1
∗

𝜋𝑡
∗ = 𝑠𝑡𝑝𝑡

𝐻∗𝑦𝑡
𝐻∗ + 𝑠𝑡𝐵̃𝑡

∗ 
       (39) 
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𝜅𝐿

𝛽𝑃

𝛽𝐼 𝛽𝐸

χ

𝛿𝐾𝐵

𝜅𝑑 𝜅𝐸 𝜅𝐼

𝛿𝐾

𝛿𝐻

𝛼

𝑗

𝑚𝐼

𝑗 𝑚𝐼

(1 − 𝛾)

𝜎

𝜅𝐻

𝜅𝐾



 

𝜇

𝜇𝐻∗

𝜃𝐻 𝜃𝐹

𝜃𝐻∗

 

 

𝜙𝑅 = 0.75

𝜙𝜋 = 2 𝜙𝑦 = 0.25 32

𝜅𝑑 𝜅𝐼

𝜅𝐸

𝜅𝑑 κE 𝜅𝐼



 

𝑠𝑡



 

 

𝛹𝑡
𝑟𝑒𝑔

𝛹𝑡
𝑟𝑒𝑔

= 𝜌𝛹𝛹𝑡−1
𝑟𝑒𝑔
+ (1 − 𝜌𝛹)𝛹

𝑟𝑒𝑔
+ 𝜀𝑡

𝛹 (40) 

𝜌𝛹 𝜀𝑡
𝛹

𝜎𝜀𝛹

𝜌𝛹 = 0.9

𝜅𝐿

𝜒 𝜅𝑑 𝜅𝐸



 

𝜅𝐼 𝜀𝑑  𝜀𝑏𝑖 𝜀𝑏𝑒

𝜅𝐿

𝜅𝐿

𝜅𝐿



 

𝜅𝐿

𝜅𝐿

𝜅𝐿

 

𝑚𝑡
𝐼 = 𝜌𝑚𝑖𝑚𝑡−1

𝐼 + (1 − 𝜌𝑚𝑖)𝑚
𝐼 + 𝜀𝑡

𝑚𝑖 (41) 

𝑚𝑡
𝐸 = 𝜌𝑚𝑒𝑚𝑡−1

𝐸 + (1 − 𝜌𝑚𝑒)𝑚
𝐸 + 𝜀𝑡

𝑚𝑒  (42) 

𝜌𝑚𝑖 𝜌𝑚𝑒 𝜀𝑡
𝑚𝑖 𝜀𝑡

𝑚𝑒

𝜎𝜀𝑚𝑖 𝜎𝜀𝑚𝑒

𝜌𝑚𝑖 =

𝜌𝑚𝑒 = 0.9.

𝑚𝑡
𝐼

𝑚𝑡
𝐸

𝑚𝑡
𝐼 𝑚𝑡

𝐸 𝑚𝑡
𝐼

𝑚𝑡
𝐸



 

𝑚𝑡
𝐼

𝑚𝑡
𝐸   

𝑚𝑡
𝐼

𝑚𝑡
𝐼



 



 

 

𝑚𝑡
𝐼 = (𝑚𝑡−1

𝐼 )𝜌𝑚𝑖

(

  
 
𝑚𝐼

(

 
 
𝐵𝑡
𝐼

𝑌𝑡
𝐸

𝐵𝐼

𝑌𝐸 )

 
 

−𝜙𝑚𝑖

)

  
 

1−𝜌𝑚𝑖

 (43) 



 

𝑚𝑡
𝐸 = (𝑚𝑡−1

𝐸 )𝜌𝑚𝑒

(

  
 
𝑚𝐸

(

 
 
𝐵𝑡
𝐸

𝑌𝑡
𝐸

𝐵𝐸

𝑌𝐸 )

 
 

−𝜙𝑚𝑒

)

  
 

1−𝜌𝑚𝑒

 

(44) 

𝜌𝑚𝑖 𝜌𝑚𝑒 𝜙𝑚𝑖

𝜙𝑚𝑒

𝛹𝑡
𝑟𝑒𝑔

= (𝛹𝑡−1
𝑟𝑒𝑔
)
𝜌𝛹

(

 
 
𝛹
𝑟𝑒𝑔
(

𝐵𝑡
𝑌𝑡
𝐸

𝐵
𝑌𝐸

)

−𝜙𝛹

)

 
 

1−𝜌𝛹

 

(45) 

𝜌𝛹 𝜙𝛹

(𝜎𝛥𝑟
2 𝜎

𝛥𝑚𝐼
2  𝜎

𝛥𝑚𝐸
2 𝜎𝛥𝜓𝑟𝑒𝑔

2

𝐿 = 𝜎𝜋
2 + 𝜍𝑌𝐸𝜎𝑌𝐸

2 + 𝜍𝐵/𝑌𝐸𝜎𝐵/𝑌𝐸
2 + 𝜍𝑟𝜎Δ𝑟

2 + 𝜍𝑚𝐼𝜎Δ𝑚𝐼
2 + 𝜍𝑚𝐸𝜎Δ𝑚𝐸

2

+ 𝜍𝛹𝑟𝑒𝑔𝜎Δ𝛹𝑟𝑒𝑔
2 (46) 

𝜍𝑌𝐸 𝜍𝐵/𝑌𝐸

𝜍𝑟 𝜍𝑚𝐼 𝜍𝑚𝐸 ς𝛹reg

𝜍𝑌𝐸 𝜍𝐵/𝑌𝐸



 

(1 + 𝑟𝑡) = (1 + 𝑟 )1−𝜙𝑅(1 + 𝑟𝑡−1)
𝜙𝑅 ((

𝜋𝑡
𝜋
)
𝜙𝜋

(
𝑌𝑡
𝐸

𝑌𝐸
)

𝜙𝑦

(
𝑠𝑡
𝑠𝑡−1

)
𝜙𝑠

)

1−𝜙𝑅

𝜀𝑡
𝑟 (47) 

(1 + 𝑟𝑡) = (1 + 𝑟 )1−𝜙𝑅(1 + 𝑟𝑡−1)
𝜙𝑅

(

 
 
(
𝜋𝑡
𝜋
)
𝜙𝜋

(
𝑌𝑡
𝐸

𝑌𝐸
)

𝜙𝑦

(

𝐵𝑡
𝑌𝑡
𝐸

𝐵𝑡−1
𝑌𝑡−1
𝐸

)

𝜙𝐵/𝑌

)

 
 

1−𝜙𝑅

𝜀𝑡
𝑟 

(48) 

(1 + 𝑟𝑡) = (1 + 𝑟 )1−𝜙𝑅(1 + 𝑟𝑡−1)
𝜙𝑅 ((

𝜋𝑡
𝜋
)
𝜙𝜋

(
𝑌𝑡
𝐸

𝑌𝐸
)

𝜙𝑦

((
𝑞𝑡
𝑘

𝑞𝑡−1
𝑘 )

𝜙𝑎𝑝1

(
𝑞𝑡
𝑞𝑡−1

)
1−𝜙𝑎𝑝1

)

𝜙𝑎𝑝2

)

1−𝜙𝑅

𝜀𝑡
𝑟 

(49) 

𝐿 = 𝜎𝜋
2 + 𝜍𝑌𝐸𝜎𝑌𝐸

2 + 𝜍𝑟𝜎Δ𝑟
2

(50) 

𝜙𝑅



 

 

𝐴𝑡

𝑙𝑛(𝐴𝑡) = 𝜌𝐴𝑙𝑛(𝐴𝑡−1) + 𝜖𝑡
𝐴 (51) 

𝜌𝐴 𝜖𝑡
𝐴

𝜎𝐴48

 

𝜙𝑌

𝜌𝐴 = 0.7



 

𝜅𝑙



 



 

Table 2: Macroeconomic and Financial Stabilisation Performance of Model with Only 
Monetary Policy in Facing Technology Shock  

 

Table 3: Parameter Values (Technology Shock) 

𝝓𝝅 𝝓𝒀 𝝓𝒔 𝝓𝑩/𝒀 𝝓𝒂𝒑𝟏 𝝓𝒂𝒑𝟐

𝜙𝜋 𝜙𝑌
𝜙𝑠 𝜙𝐵/𝑌

𝜙𝑎𝑝1
𝜙𝑎𝑝2

 

Table 4: Instabilities of other Variables of Interest (Technology Shock) 



 



 

[𝜙𝑚𝑖 , 𝜙𝑚𝑒]

𝜙𝑚𝑖 𝜙𝑚𝑒



 

Table 5: Macroeconomic and Financial Stabilisation Performance of Model with Monetary and 
Macroprudential Policy in Facing Technology Shock  

 

Table 6: Parameter Values-2 (Technology Shock) 

𝝓𝝅 𝝓𝒀 𝝓𝒎𝒊 𝝓𝒎𝒆 𝝓𝝍

𝜙𝜋 𝜙𝑌
𝜙𝑚𝑖 𝜙𝑚𝑒

𝜙𝝍

 

Table 7: Instabilities of other Variables of Interest-2 (Technology Shock) 

 



 

𝜙𝑚𝑖 𝜙𝑚𝑒
[𝜙𝑚𝑖 = 0.5, 𝜙𝑚𝑒 = 1.3] [𝜙𝑚𝑖 = 0.25,𝜙𝑚𝑒 = 0.625] [𝜙𝑚𝑖 = 0.125,𝜙𝑚𝑒 = 0.3125] [𝜙𝑚𝑖 = 0.0625,𝜙𝑚𝑒 = 0.15625] [𝜙𝑚𝑖 = 0.03125,𝜙𝑚𝑒 =

0.078125]

 

Table 8: Macroeconomic and Financial Stabilisation Performance of Model with Monetary and 
Macroprudential in Facing Technology Shock (Alternative Scenario)  

[𝝓𝒎𝒊 = 𝟎. 𝟓, 𝝓𝒎𝒆 = 𝟏. 𝟑]

[𝝓𝒎𝒊 = 𝟎. 𝟓, 𝝓𝒎𝒆 = 𝟏. 𝟑]

Table 9: Instabilities of other Variables of Interest-Alternative Scenario (Technology Shock)  

[𝝓𝒎𝒊 = 𝟎. 𝟓, 𝝓𝒎𝒆 = 𝟏. 𝟑]

[𝝓𝒎𝒊 = 𝟎. 𝟓, 𝝓𝒎𝒆 = 𝟏. 𝟑]

 



 

 

[𝜙𝑚𝑖 = 0.5, 𝜙𝑚𝑒 = 1.3]

 



 

𝜅𝑙

 

𝜀𝑡
𝑥ℎ

𝜎𝐴



 

Table 10: Macroeconomic and Financial Stabilisation Performance of Model with Only 
Monetary Policy in Facing Domestic Price Shock  

 

Table 11: Parameter Values (Domestic Price Shock)  

𝝓𝝅 𝝓𝒀 𝝓𝒔 𝝓𝑩/𝒀 𝝓𝒂𝒑𝟏 𝝓𝒂𝒑𝟐

𝜙𝜋 𝜙𝑌
𝜙𝑠 𝜙𝐵/𝑌

𝜙𝑎𝑝1
𝜙𝑎𝑝2

 

Table 12: Instabilities of other Variables of Interest (Domestic Price Shocks)  



 



 

𝜅𝑙



 

[𝜙𝑚𝑖 , 𝜙𝑚𝑒]



 

Table 13: Macroeconomic and Financial Stabilisation Performance of Model with Monetary 
and Macroprudential Policy in Facing Domestic Price Shock  

 

Table 14: Parameter Values-2 (Domestic Price Shock) 

𝝓𝝅 𝝓𝒀 𝝓𝒎𝒊 𝝓𝒎𝒆 𝝓𝝍

𝜙𝜋 𝜙𝑌
𝜙𝑚𝑖 𝜙𝑚𝑒

𝜙𝝍

 

Table 15: Instabilities of other Variables of Interest-2 (Domestic Price Shock) 

 

 

 

 

 

 

 



 

 

𝜙𝑚𝑖 𝜙𝑚𝑒
[𝜙𝑚𝑖 = 3.5, 𝜙𝑚𝑒 = 0.5] [𝜙𝑚𝑖 = 1.75,𝜙𝑚𝑒 = 0.25] [𝜙𝑚𝑖 = 0.875,𝜙𝑚𝑒 = 0.125] [𝜙𝑚𝑖 = 0.4375,𝜙𝑚𝑒 = 0.0625] [𝜙𝑚𝑖 = 0.21875,𝜙𝑚𝑒 = 0.03125]

 

 

Table 16: Macroeconomic and Financial Stabilisation Performance of Model with Monetary 
and Macroprudential in Facing Domestic Price Shock (Alternative Scenario)  

[𝝓𝒎𝒊 = 𝟑. 𝟓, 𝝓𝒎𝒆 = 𝟎. 𝟓]

 
[𝝓𝒎𝒊 = 𝟑. 𝟓, 𝝓𝒎𝒆 = 𝟎. 𝟓]

 

 

Table 17: Instabilities of other Variables of Interest- Alternative Scenario (Domestic Price 
Shock) 

[𝝓𝒎𝒊 = 𝟑. 𝟓, 𝝓𝒎𝒆 = 𝟎. 𝟓]

[[𝝓𝒎𝒊 = 𝟑. 𝟓,𝝓𝒎𝒆 = 𝟎. 𝟓]]



 

 [𝜙𝑚𝑖 = 3.5, 𝜙𝑚𝑒 = 0.5]



 

𝜅𝑙

 



 

 

 



 



 

 

 

 

53

54

55



 

56



 

 

58



 



 

 

𝜏𝑡
∗

𝐶𝑡
𝑝
+ 𝑞𝑡

𝐾(𝐾𝑡
𝑝
− (1 − 𝛿𝐾)𝐾𝑡−1

𝑝
) + 𝑞𝑡(𝐻𝑡

𝑝
− (1 − 𝛿𝐻)𝐻𝑡−1

𝑝
) + 𝐷𝑡

+ 𝑒𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )(1 + 𝜏𝑡−1

∗ )
𝐵𝑡−1
∗

𝜋𝑡

= 𝑤𝑡
𝑃𝐿𝑡
𝑃 + (1 + 𝑟𝑡−1

𝑑 )
𝐷𝑡−1
𝜋𝑡

+ 𝑅𝑡
𝐾𝑞𝑡

𝐾𝐾𝑡−1
𝑃 + 𝑒𝑡𝐵𝑡

∗ + 𝑇𝑡  

(52) 

Tt

𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )𝜏𝑡−1

∗
𝐵̃𝑡−1
∗

𝜋𝑡
∗  

(53) 

63 𝜋𝑡
∗ 𝐵̃𝑡

∗ =
𝐵𝑡
∗

𝑃𝑡
∗ 𝑠𝑡 =

𝑒𝑡 𝑃𝑡
∗

𝑃𝑡



 

𝑠𝑡

𝐸𝑡 (
𝑠𝑡+1
𝑠𝑡
) =

(1 + 𝑟𝑡
𝑑)

(1 + 𝜌𝑡)(1 + 𝑟𝑡
∗)(1 + 𝜏𝑡

∗)
𝐸𝑡 (

𝜋𝑡+1
∗

𝜋𝑡+1
) 

(54) 

𝑠𝑡𝑝𝑡
𝐹∗𝑦𝑡

𝐹 + 𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )

𝐵̃𝑡−1
∗

𝜋𝑡
∗ = 𝑠𝑡𝑝𝑡

𝐻∗𝑦𝑡
𝐻∗ + 𝑠𝑡𝐵̃𝑡

∗ (55) 

𝜌𝑡

(1 + 𝜌𝑡) = 𝑒𝑥𝑝 (−𝜑
𝑒𝑡𝐵𝑡

∗

𝑌𝑡
𝐸 ) 𝜀𝑡

𝜌 (56) 



 

 

𝑟𝑡
𝑑



 

65

66

𝜙𝑅 = 0.75 𝜙𝜋 = 2 𝜙𝑦 = 0.25



 

 

𝜏𝑡
∗ = 𝜌𝜏𝜏𝑡−1

∗ + (1 − 𝜌𝜏)𝜏
∗ + 𝜀𝑡

𝜏 (57) 

𝜌𝜏 𝜀𝑡
𝜏

𝜎𝜀𝜏



 



 

 

𝜏𝑡
∗ = (𝜏𝑡−1

∗ )𝜌𝜏

(

  
 
𝜏∗

(

 
 
𝑠𝑡𝐵̃𝑡

∗

𝑌𝑡
𝐸

𝑠 𝐵̃∗

𝑌𝐸 )

 
 

−𝜙𝜏

)

  
 

1−𝜌𝜏

 

(58) 

𝜌𝜏 𝜙𝜏

𝐿 = 𝜎𝜋
2 + 𝜍𝑌𝐸𝜎𝑌𝐸

2 + 𝜍𝐵/𝑌𝐸𝜎𝐵/𝑌𝐸
2 + 𝜍𝑟𝜎Δ𝑟

2 + 𝜍𝑚𝐼𝜎Δ𝑚𝐼
2 + 𝜍𝑚𝐸𝜎Δ𝑚𝐸

2

+ 𝜍Ψ𝑟𝑒𝑔𝜎ΔΨ𝑟𝑒𝑔
2 + 𝜍𝜏∗𝜎Δ𝜏∗

2
(59) 

𝜍𝜏∗

𝜎𝛥𝜏∗
2 𝜍𝜏∗

𝜌𝜏



 

 

 

𝜙𝑌



 

Table 18: Macroeconomic and Financial Stabilisation Performance of Model with Only 
Monetary Policy in Facing Capital Inflow Shock  

 

Table 19: Parameter Values (Capital Inflow Shock)  

𝝓𝝅 𝝓𝒀 𝝓𝒔 𝝓𝑩/𝒀 𝝓𝒂𝒑𝟏 𝝓𝒂𝒑𝟐

𝜙𝜋 𝜙𝑌
𝜙𝑠 𝜙𝐵/𝑌

𝜙𝑎𝑝1
𝜙𝑎𝑝2

 

Table 20: Instabilities of other Variables of Interest (Capital Inflow Shock)  



 



 

 

𝜅𝑙



 



 

[𝜙𝑚𝑖 , 𝜙𝑚𝑒]

𝜙𝑚𝑖 𝜙𝑚𝑒



 

Table 21: Macroeconomic and Financial Stabilisation Performance of Model with Monetary, 
Macroprudential and Capital Flow Management Policy in Facing Capital Inflow Shock  

 

Table 22: Parameter Values-2 (Capital Inflow Shock) 

𝝓𝝅 𝝓𝒀 𝝓𝒎𝒊 𝝓𝒎𝒆 𝝓𝝍 𝝓𝝉

𝜙𝜋 𝜙𝑌
𝜙𝑚𝑖 𝜙𝑚𝑒

𝜙𝝍
𝜙𝝍

 

Table 23: Instabilities of other Variables of Interest-2 (Capital Inflow Shock) 



 

𝜙𝑚𝑖 𝜙𝑚𝑒
[𝜙𝑚𝑖 = 5,𝜙𝑚𝑒 = 5] [𝜙𝑚𝑖 = 2.5, 𝜙𝑚𝑒 = 2.5] [𝜙𝑚𝑖 = 1.25,𝜙𝑚𝑒 = 1.25] [𝜙𝑚𝑖 = 0.625,𝜙𝑚𝑒 = 0.625] [𝜙𝑚𝑖 = 0.3125,𝜙𝑚𝑒 = 0.3125]

Table 24: Macroeconomic and Financial Stabilisation Performance of Model with Monetary, 
Macroprudential and Capital Flow Management Policy in Facing Capital Inflow Shock 

(Alternative Scenario) 

[𝝓𝒎𝒊 = 𝟓,𝝓𝒎𝒆 = 𝟓]

[𝝓𝒎𝒊 = 𝟓,𝝓𝒎𝒆 = 𝟓]

[𝝓𝒎𝒊 = 𝟓,𝝓𝒎𝒆 = 𝟓]

Table 25: Instabilities of other Variables of Interest-Alternative Scenario (Capital Inflow 
Shock) 

[𝝓𝒎𝒊 = 𝟓,𝝓𝒎𝒆 = 𝟓]

[𝝓𝒎𝒊 = 𝟓,𝝓𝒎𝒆 = 𝟓]

[𝝓𝒎𝒊 = 𝟓,𝝓𝒎𝒆 = 𝟓]



 



 

𝜅𝑙



 

 

 

 

[𝜙𝑚𝑖 ≥ 5, 𝜙𝑚𝑒 ≥ 5]



 



 

 

 

 



 

 



 

𝜁𝑡
𝐼 𝜁𝑡

𝐸

𝜁𝑡
𝐼 = 𝜌𝜁𝑖𝜁𝑡−1

𝐼 + (1 − 𝜌𝜁𝑖)𝜁𝐼 + 𝜀𝑡
𝜁𝑖  (60) 

𝜁𝑡
𝐸 = 𝜌𝜁𝑒𝜁𝑡−1

𝐸 + (1 − 𝜌𝜁𝑒)𝜁𝐸 + 𝜀𝑡
𝜁𝑒 (61) 

𝜀𝑡
𝜁𝑖

𝜀𝑡
𝜁𝑒

𝜎𝜁𝑖 𝜎𝜁𝑒 𝜌𝜁𝑖

𝜌𝜁𝑒

𝐶𝑡
𝐼 + 𝑞𝑡(𝐻𝑡

𝐼 − (1 − 𝛿𝐻)(1 − 𝜁𝑡
𝐼)𝐻𝑡−1

𝐼 ) + (1 + 𝑟𝑡−1
𝐼 )(1 − 𝜁𝑡

𝐼)
𝐵𝑡−1
𝐼

𝜋𝑡
= 𝐵𝑡

𝐼 + 𝑤𝑡
𝐼𝐿𝑡
𝐼  

(62) 



 

𝐶𝑡
𝐸 + 𝑞𝑡

𝐾(𝐾𝑡
𝐸 − (1 − 𝛿𝐾)(1 − 𝜁𝑡

𝐸)𝐾𝑡−1
𝐸 ) + 𝑤𝑡

𝑃𝐿𝑡
𝑃 +𝑤𝑡

𝐼𝐿𝑡
𝐼

+ (1 + 𝑟𝑡−1
𝐸 )(1 − 𝜁𝑡

𝐸)
𝐵𝑡−1
𝐸

𝜋𝑡
+ 𝑅𝑡

𝐾𝐾𝑡−1
𝑃 =

𝑃𝑡
𝐸

𝑃𝑡
𝑌𝑡
𝐸 + 𝐵𝑡

𝐸  

(63) 

𝑞𝑡 𝑞𝑡
𝐾

𝛾𝑡
𝐻 𝛾𝑡

𝐾

𝛱𝑡−1
𝐵

𝜋𝑡
= (𝑟𝑡−1

𝐸 )
𝐵𝑡−1
𝐸

𝜋𝑡
+ (𝑟𝑡

𝐼(𝑗))
𝐵𝑡−1
𝐼

𝜋𝑡
+ (𝑟𝑡 )

𝐵𝑡−1
𝐶𝐵

𝜋𝑡
− (𝑟𝑡

𝑑(𝑗))
𝐷𝑡−1
𝜋𝑡

−
𝜅𝐿
2
(
𝐵𝑡−1
𝐸 + 𝐵𝑡−1

𝐼

𝐾𝑡−1
𝐵 −𝛹𝑡−1)

2
𝐾𝑡−1
𝐵

𝜋𝑡
−
𝜅𝑑
2
(
𝑟𝑡−1
𝑑

𝑟𝑡−2
𝑑 − 1)

2

𝑟𝑡−1
𝑑
𝐷𝑡−1
𝜋𝑡

−
𝜅𝐸
2
(
𝑟𝑡−1
𝐸

𝑟𝑡−2
𝐸 − 1)

2

𝑟𝑡−1
𝐸
𝐵𝑡−1
𝐸

𝜋𝑡
−
𝜅𝐼
2
(
𝑟𝑡−1
𝐼

𝑟𝑡−2
𝐼 − 1)

2

𝑟𝑡−1
𝐼
𝐵𝑡−1
𝐼

𝜋𝑡

− 𝜁𝑡
𝐸(1 + 𝑟𝑡−1

𝐸 )
𝐵𝑡−1
𝐸

𝜋𝑡
− 𝜁𝑡

𝐼(1 + 𝑟𝑡−1
𝐼 )

𝐵𝑡−1
𝐼

𝜋𝑡
+ 𝑞𝑡 𝛾𝑡

𝐻(1 − 𝛿𝐻)(𝜁𝑡
𝐼)𝐻𝑡−1

𝐼 + 𝑞𝑡
𝐾𝛾𝑡

𝐾(1 − 𝛿𝐾)(𝜁𝑡
𝐸)𝐾𝑡−1

𝐸  

(64) 

𝛱𝑡
𝐵 = (𝑟𝑡

𝐸)𝐵𝑡
𝐸 + (𝑟𝑡

𝐼)𝐵𝑡
𝐼 + (𝑟𝑡 )𝐵𝑡

𝐶𝐵 − (𝑟𝑡
𝑑)𝐷𝑡 −

𝜅𝐿
2
(
𝐵𝑡
𝐸 + 𝐵𝑡

𝐼

𝐾𝑡
𝐵 − 𝛹𝑡)

2

𝐾𝑡
𝐵

−
𝜅𝑑
2
(
𝑟𝑡
𝑑

𝑟𝑡−1
𝑑
− 1)

2

𝑟𝑡
𝑑𝐷𝑡 −

𝜅𝐸
2
(
𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 1)

2

𝑟𝑡
𝐸𝐵𝑡

𝐸

−
𝜅𝐼
2
(
𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 1)

2

𝑟𝑡
𝐼𝐵𝑡
𝐼 − 𝑙𝑜𝑠𝑠𝑡

𝐸(1 + 𝑟𝑡
𝐸)𝐵𝑡

𝐸 − 𝑙𝑜𝑠𝑠𝑡
𝐼(1 + 𝑟𝑡

𝐼)𝐵𝑡
𝐼 

(65) 



 

𝑙𝑜𝑠𝑠𝑡
𝐼 = 𝐸𝑡 (𝜁𝑡+1

𝐼 (1 −
𝛾𝑡+1
𝐻

𝑚𝑡
𝐼 )) 

(66) 

𝑙𝑜𝑠𝑠𝑡
𝐸 = 𝐸𝑡 (𝜁𝑡+1

𝐸 (1 −
𝛾𝑡+1
𝐾

𝑚𝑡
𝐸 )) 

(67) 

1 − 𝜀𝑏𝐼 + 𝜀𝑏𝐼𝑙𝑜𝑠𝑠𝑡
𝐼 − 𝑙𝑜𝑠𝑠𝑡

𝐼 +
𝜀𝑏𝐼

𝑟𝑡
𝐼 𝑟𝑡 + 𝜅𝐿

𝜀𝑏𝐼

𝑟𝑡
𝐼

𝐵𝑡
𝐸

𝐾𝑡
𝐵 + 𝜅𝐿

𝜀𝑏𝐼

𝑟𝑡
𝐼

𝐵𝑡
𝐼

𝐾𝑡
𝐵 − 𝜅𝐿

𝜀𝑏𝐼

𝑟𝑡
𝐼 𝛹𝑡 +

𝜀𝑏𝐼

𝑟𝑡
𝐼 𝑙𝑜𝑠𝑠𝑡

𝐼

= 𝜅𝐼 (
𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 1)

𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 𝛽𝑃

𝐶𝑡
𝑃

𝐶𝑡+1
𝑃 (𝜅𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 − 1)

𝐵𝑡+1
𝐼

𝐵𝑡
𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 )

2

) 

(68) 

1 − 𝜀𝑏𝐸 + 𝜀𝑏𝐸𝑙𝑜𝑠𝑠𝑡+1
𝐸 − 𝑙𝑜𝑠𝑠𝑡+1

𝐸 +
𝜀𝑏𝐸

𝑟𝑡
𝐸 𝑟𝑡 + 𝜅𝐿

𝜀𝑏𝐸

𝑟𝑡
𝐸

𝐵𝑡
𝐸

𝐾𝑡
𝐵 + 𝜅𝐿

𝜀𝑏𝐸

𝑟𝑡
𝐸

𝐵𝑡
𝐼

𝐾𝑡
𝐵 − 𝜅𝐿

𝜀𝑏𝐸

𝑟𝑡
𝐸 𝛹𝑡

+
𝜀𝑏𝐸

𝑟𝑡
𝐸 𝑙𝑜𝑠𝑠𝑡+1

𝐸

= 𝜅𝐸 (
𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 1)

𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 𝛽𝑃

𝐶𝑡
𝑃

𝐶𝑡+1
𝑃 (𝜅𝐼 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 − 1)

𝐵𝑡+1
𝐸

𝐵𝑡
𝐸 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 )

2

) 

(69) 

𝜀𝑏𝐼 𝜀𝑏𝐸

𝑞𝑡 𝑞𝑡
𝑘 𝑣ℎ 𝑣𝑘  

𝐿𝑆𝑡
𝐻 𝐿𝑆𝑡

𝐾

𝐿𝑆𝑡
𝐻 = 𝑣ℎ𝜁𝑡

𝐼(1 − 𝛿𝐻)𝐻𝑡−1
𝐼  (70) 



 

𝐿𝑆𝑡
𝐾 = 𝑣𝑘𝜁𝑡

𝐸(1 − 𝛿𝐾)𝐾𝑡−1
𝐸  (71) 

𝐿𝑄𝑡
𝐻 𝐿𝑄𝑡

𝐾

𝐿𝑆𝑡
𝐻 = 𝑍𝐻(𝐿𝑄𝑡

𝐻)(1−𝜄ℎ) (72) 

𝐿𝑆𝑡
𝐾 = 𝑍𝐾(𝐿𝑄𝑡

𝐾)(1−𝜄𝑘) (73) 

𝛾𝑡
𝐻 = (1 −

𝑝𝑡
𝐿𝐻(1 − 𝜄ℎ)𝑣ℎ

𝑞𝑡
) 

(74) 

𝛾𝑡
𝐻 = (1 −

𝑝𝑡
𝐿𝐾(1 − 𝜄𝑘)𝑣𝑘

𝑞𝑡
𝐾 ) 

(75) 

𝑝𝑡
𝐿𝐻 𝑝𝑡

𝐿𝐾



 

 

(
𝛾𝐾

𝑚𝐸)



 

ιh ιk

𝑍𝐻 𝑍𝐾 𝑝𝑡
𝐿𝐻 𝑝𝑡

𝐿𝐾

𝜌𝜁𝑖 𝜌𝜁𝑒

 



 

 



 

 



 



 

Table 26: Macroeconomic and Financial Stabilisation Performance of Model with Only 
Monetary Policy in Facing Shock to Households’ Loan Default Rate  

 

Table 27: Parameter Values (Households’ Loan Default Shock)  

𝝓𝝅 𝝓𝒀 𝝓𝒔 𝝓𝑩/𝒀 𝝓𝒂𝒑𝟏 𝝓𝒂𝒑𝟐

𝜙𝜋 𝜙𝑌
𝜙𝑠 𝜙𝐵/𝑌

𝜙𝑎𝑝1
𝜙𝑎𝑝2

 

Table 28: Instabilities of other Variables of Interest (Households’ Loan Default Shock)  



 



 

 

𝜅𝑙



 



 

 

 

𝜙𝑚𝑖 𝜙𝑚𝑒



 

Table 29: Macroeconomic and Financial Stabilisation Performance of Model with Monetary 
and Macroprudential Policy in Facing Households’ Loan Default Shock  

 

Table 30: Parameter Values-2 (Households’ Loan Default)  

𝝓𝝅 𝝓𝒀 𝝓𝒎𝒊 𝝓𝒎𝒆 𝝓𝝍

𝜙𝜋 𝜙𝑌
𝜙𝑚𝑖 𝜙𝑚𝑒

𝜙𝝍

 

Table 31: Instabilities of other Variables of Int erest-2 (Households’ Loan Default Shock)  



 

𝜙𝑚𝑖 𝜙𝑚𝑒
[𝜙𝑚𝑖 = 2.25,𝜙𝑚𝑒 = 0.5] [𝜙𝑚𝑖 = 1.125,𝜙𝑚𝑒 = 0.25] [𝜙𝑚𝑖 = 0.5625,𝜙𝑚𝑒 = 0.125] [𝜙𝑚𝑖 = 0.28125,𝜙𝑚𝑒 = 0.0625] [𝜙𝑚𝑖 = 0.140625,𝜙𝑚𝑒 =

0.03125]

Table 32: Macroeconomic and Financial Stabilisation Performance of Model with Monetary 
and Macroprudential in Facing Households’ Loan Default Shock (Alternative Scenario)  

[𝝓𝒎𝒊 = 𝟐. 𝟐𝟓, 𝝓𝒎𝒆 = 𝟎. 𝟓]

 
[𝝓𝒎𝒊 = 𝟐. 𝟐𝟓, 𝝓𝒎𝒆 = 𝟎. 𝟓]

Table 33: Instabilities of other Variables of Interest- Alternative Scenario (Households’ Loan 
Default) 

[𝝓𝒎𝒊 = 𝟐. 𝟐𝟓, 𝝓𝒎𝒆 = 𝟎. 𝟓]

[[𝝓𝒎𝒊 = 𝟐. 𝟐𝟓,𝝓𝒎𝒆 = 𝟎. 𝟓]]



 

[𝜙𝑚𝑖 = 2.25,𝜙𝑚𝑒 = 0.5]



 

𝜅𝑙

 

 



 



 

 

 



 

 

𝑊𝐹𝑡
𝑃 𝑊𝐹𝑡

𝐼

𝑊𝐹𝑡
𝐸

𝑊𝐹𝑡
𝑃 = 𝐸𝑡∑𝛽

𝑃
𝑡

∞

𝑡=0

(𝑙𝑛 𝐶𝑡
𝑝
+ 𝑗 𝑙𝑛𝐻𝑡

𝑝
−
(𝐿𝑡
𝑝)

𝜂

𝜂

) 
(76) 

𝑊𝐹𝑡
𝐼 = 𝐸𝑡∑𝛽

𝐼
𝑡

∞

𝑡=0

(𝑙𝑛 𝐶𝑡
𝐼 + 𝑗 𝑙𝑛𝐻𝑡

𝐼 −
(𝐿𝑡
𝐼)

𝜂

𝜂

) 
(77) 

𝑊𝐹𝑡
𝐸 = 𝐸𝑡∑𝛽

𝐸
𝑡

∞

𝑡=0

(𝑙𝑛 𝐶𝑡
𝐸)

(78) 

𝑊𝐹𝑡 = (1 − 𝛽𝑃 )𝑊𝐹𝑡
𝑃 + (1 − 𝛽𝐼 )𝑊𝐹𝑡

𝐼 + (1 − 𝛽𝐸 )𝑊𝐹𝑡
𝐸 (79) 



 

𝐶𝐸𝑃 = 𝑒𝑥𝑝[(1 − 𝛽
𝑃
)(𝑊𝐹𝑡

𝑃 − 𝑊𝐹𝑡
𝑃𝐵)] − 1 (80) 

𝐶𝐸𝐼 = 𝑒𝑥𝑝[(1 − 𝛽
𝐼
)(𝑊𝐹𝑡

𝐼 − 𝑊𝐹𝑡
𝐼𝐵)] − 1 (81) 

𝐶𝐸𝐸 = 𝑒𝑥𝑝[(1 − 𝛽
𝐸
)(𝑊𝐹𝑡

𝐸 −𝑊𝐹𝑡
𝐸𝐵)] − 1 (82) 

𝐶𝐸 = 𝑒𝑥𝑝[𝑊𝐹𝑡 −𝑊𝐹𝑡
𝐵] − 1 (83) 

𝐶𝐸𝑃 𝐶𝐸𝑃 𝐶𝐸𝑃 𝐶𝐸

𝑊𝐹𝑃𝐵 𝑊𝐹𝐼𝐵 𝑊𝐹𝐸𝐵 𝑊𝐹𝐵



 

 

Table 34: Welfare Gain (Technology Shock)  

    

[𝜙𝑚𝑖 = 0.5, 𝜙𝑚𝑒 = 1.3]

[𝜙𝑚𝑖 = 0.5, 𝜙𝑚𝑒 = 1.3]



 



 



 

𝜙𝑚𝑖 𝜙𝑚𝑒 [𝜙𝑚𝑖 = 0.5, 𝜙𝑚𝑒 = 1.3] [𝜙𝑚𝑖 = 0.25,𝜙𝑚𝑒 = 0.625] [𝜙𝑚𝑖 = 0.125,𝜙𝑚𝑒 = 0.3125]
[𝜙𝑚𝑖 = 0.0625,𝜙𝑚𝑒 = 0.15625] [𝜙𝑚𝑖 = 0.03125,𝜙𝑚𝑒 = 0.078125]

 



 

Table 35: Welfare Gain (Domestic Price Shock)  

    

[𝜙𝑚𝑖 = 3.5, 𝜙𝑚𝑒 = 0.5]

[𝜙𝑚𝑖 = 3.5, 𝜙𝑚𝑒 = 0.5]



 



 

𝜙𝑚𝑖 𝜙𝑚𝑒 [𝜙𝑚𝑖 = 3.5, 𝜙𝑚𝑒 = 0.5] [𝜙𝑚𝑖 = 1.75,𝜙𝑚𝑒 = 0.25] [𝜙𝑚𝑖 = 0.875,𝜙𝑚𝑒 = 0.125]
[𝜙𝑚𝑖 = 0.4375,𝜙𝑚𝑒 = 0.0625] [𝜙𝑚𝑖 = 0.21875,𝜙𝑚𝑒 = 0.03125]



 

 



 

Table 36: Welfare Gain (Capital Inflow Shock)  

    

[𝜙𝑚𝑖 = 5, 𝜙𝑚𝑒 = 5]

[𝜙𝑚𝑖 = 5, 𝜙𝑚𝑒 = 5]

[𝜙𝑚𝑖 = 5, 𝜙𝑚𝑒 = 5]



 



 

𝜙𝑚𝑖 𝜙𝑚𝑒 [𝜙𝑚𝑖 = 5,𝜙𝑚𝑒 = 5] [𝜙𝑚𝑖 = 2.5, 𝜙𝑚𝑒 = 2.5]
[𝜙𝑚𝑖 = 1.25,𝜙𝑚𝑒 = 1.25] [𝜙𝑚𝑖 = 0.625,𝜙𝑚𝑒 = 0.625] [𝜙𝑚𝑖 = 0.3125,𝜙𝑚𝑒 = 0.3125]

 



 

Table 37: Welfare Gain (Households’ Loan Default Shock)  

    

[𝜙𝑚𝑖 = 2.25, 𝜙𝑚𝑒 = 0.5]

[𝜙𝑚𝑖 = 2.25, 𝜙𝑚𝑒 = 0.5]



 



 



 

𝜙𝑚𝑖 𝜙𝑚𝑒 [ϕmi = 2.25,ϕme = 0.5] [ϕmi = 1.125,ϕme = 0.25] [ϕmi = 0.5625,ϕme = 0.125]
[ϕmi = 0.28125,ϕme = 0.0625] [ϕmi = 0.140625,ϕme = 0.03125]

 



 



 

 

 

 

 

 



 



 



 



 



 

 



 

𝐶𝑡
𝑝
+ 𝑞𝑡

𝐾𝐾𝑡
𝑝
− (1 − 𝛿𝐾)𝑞𝑡

𝐾𝐾𝑡−1
𝑝
+ 𝑞𝑡𝐻𝑡

𝑝
− (1 − 𝛿𝐻)𝑞𝑡𝐻𝑡−1

𝑝
+ 𝐷𝑡

+ 𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )

𝐵̃𝑡−1
∗

𝜋𝑡
∗

= 𝑤𝑡
𝑃𝐿𝑡
𝑃 + (1 + 𝑟𝑡−1

𝑑 )
𝐷𝑡−1
𝜋𝑡

+ 𝑅𝑡
𝐾𝑞𝑡

𝐾𝐾𝑡−1
𝑃 + 𝑠𝑡𝐵̃𝑡

∗ + 𝑇𝑡 

where 𝐵̃𝑡
∗ =

𝐵𝑡
∗

𝑃𝑡
∗ 𝑃𝑡and 𝑠𝑡 =

𝑒𝑡 𝑃𝑡
∗

𝑃𝑡
 

(A 1) 

𝑇𝑡 = 𝛱𝑡
𝐻 + 𝛱𝑡

𝐹 + 𝛱𝑡
𝐻∗ + (1 − 𝜒)

𝛱𝑡−1
𝐵

𝜋𝑡
+
𝜅𝐿
2
(
𝐵𝑡−1
𝐸 + 𝐵𝑡−1

𝐼

𝐾𝑡−1
𝐵 −𝛹𝑡−1)

2
𝐾𝑡−1
𝐵

𝜋𝑡

+
𝜅𝑑
2
(
𝑟𝑡−1
𝑑

𝑟𝑡−2
𝑑
− 1)

2

𝑟𝑡−1
𝑑
𝐷𝑡−1
𝜋𝑡

+
𝜅𝐸
2
(
𝑟𝑡−1
𝐸

𝑟𝑡−2
𝐸 − 1)

2

𝑟𝑡−1
𝐸
𝐵𝑡−1
𝐸

𝜋𝑡

+
𝜅𝐼
2
(
𝑟𝑡−1
𝐼

𝑟𝑡−2
𝐼 − 1)

2

𝑟𝑡−1
𝐼
𝐵𝑡−1
𝐼

𝜋𝑡
− (𝑟𝑡−1)

𝐵𝑡−1
𝐶𝐵

𝜋𝑡

(A 2) 

𝑗

𝐻𝑡
𝑝 +

𝛽𝑃

𝐶𝑡+1
𝑝 𝑞𝑡+1(1 − 𝛿𝐻) =

1

𝐶𝑡
𝑝 𝑞𝑡 (A 3) 

1

𝐶𝑡
𝑝 𝑤𝑡

𝑃 = (𝐿𝑡
𝑝
)
𝜂−1 (A 4) 

𝐶𝑡+1
𝑝

𝛽𝑃 𝐶𝑡
𝑝

𝑞𝑡
𝐾

𝑞𝑡+1
𝐾 = (1 − 𝛿𝐾) + 𝑅𝑡+1

𝐾
(A 5) 

(1 + 𝑟𝑡
𝑑)

(1 + 𝜌𝑡)(1 + 𝑟𝑡
∗)
=
𝑠𝑡+1𝜋𝑡+1
𝑠𝑡𝜋𝑡+1

∗

(A 6) 

(1 + 𝑟𝑡
𝑑)  =

𝐶𝑡+1
𝑝

𝐶𝑡
𝑝

𝜋𝑡+1

𝛽𝑃

(A 7) 



 

𝐶𝑡
𝐼 + 𝑞𝑡𝐻𝑡

𝐼 − (1 − 𝛿𝐻)𝑞𝑡𝐻𝑡−1
𝐼 + (1 + 𝑟𝑡−1

𝐼 )
𝐵𝑡−1
𝐼

𝜋𝑡
= 𝐵𝑡

𝐼 + 𝑤𝑡
𝐼𝐿𝑡
𝐼  

(A 8) 

(1 + 𝑟𝑡
𝐼)

𝜋𝑡+1
𝐵𝑡
𝐼 = 𝑚𝑡

𝐼𝑞𝑡+1(1 − 𝛿𝐻)𝐻𝑡
𝐼

(A 9) 

(𝐿𝑡
𝐼 )𝜂−1 =

1

𝐶𝑡
𝐼 𝑤𝑡

𝐼
(A 10) 

𝑗

𝐻𝑡
𝐼 + (

𝜋𝑡+1
(1 + 𝑟𝑡

𝐼)𝐶𝑡
𝐼 −

𝛽𝐼
𝐶𝑡+1
𝐼 )𝑚𝑡

𝐼(1 − 𝛿𝐻)𝑞𝑡+1 +
𝛽𝐼 𝑞𝑡+1(1 − 𝛿𝐻)

𝐶𝑡+1
𝐼 =

𝑞𝑡

𝐶𝑡
𝐼

(A 11) 

𝑌𝑡
𝐸 = 𝐴𝑡[(𝐾𝑡−1

𝐸 )𝜎(𝐾𝑡−1
𝑃 )(1−𝜎)]

𝛼
[(𝐿𝑡

𝑝
)
𝛾
(𝐿𝑡
𝐼 )(1−𝛾)]

(1−𝛼)
 

(A 12) 

(1 + 𝑟𝑡
𝐸)

𝜋𝑡+1
𝐵𝑡
𝐸 = 𝑚𝑡

𝐸𝑞𝑡+1
𝐾 (1 − 𝛿𝐾)𝐾𝑡

𝐸
(A 13) 

𝐶𝑡
𝐸 + 𝑞𝑡

𝐾𝐾𝑡
𝐸 − (1 − 𝛿𝐾)𝑞𝑡

𝐾𝐾𝑡−1
𝐸 + 𝑤𝑡

𝑃𝐿𝑡
𝑃 +𝑤𝑡

𝐼𝐿𝑡
𝐼 + (1 + 𝑟𝑡−1

𝐸 )
𝐵𝑡−1
𝐸

𝜋𝑡
+ 𝑅𝑡

𝐾𝑞𝑡
𝐾𝐾𝑡−1

𝑃

= 𝑝𝑡
𝐸𝑌𝑡

𝐸 + 𝐵𝑡
𝐸  

Where  𝑝𝑡
𝐸 =

𝑃𝑡
𝐸

𝑃𝑡

(A 14) 

(1 − 𝜎)(𝛼)𝑝𝑡+1
𝐸

𝑌𝑡+1
𝐸

𝐾𝑡
𝑃𝑞𝑡+1

𝐾 = (𝑅𝑡+1
𝐾 )

(A 15) 

𝑤𝑡
𝑃 = 𝛾(1 − 𝛼)𝑝𝑡

𝐸
𝑌𝑡
𝐸

𝐿𝑡
𝑃

(A 16) 

𝑤𝑡
𝐼 = (1 − 𝛾)(1 − 𝛼)𝑝𝑡

𝐸
𝑌𝑡
𝐸

𝐿𝑡
𝐼

(A 17) 



 

(
𝜋𝑡+1

𝐶𝑡
𝐸(1 + 𝑟𝑡

𝐸)
−
𝛽𝐸
𝐶𝑡+1
𝐸 )𝑚𝑡

𝐸𝑞𝑡+1
𝐾 (1 − 𝛿𝐾) +

𝛽𝐸
𝐶𝑡+1
𝐸 ((1 − 𝛿𝐾)𝑞𝑡+1

𝐾 + 𝜎𝛼𝑝𝑡+1
𝐸
𝑌𝑡+1
𝐸

𝐾𝑡
𝐸 )

=
1

𝐶𝑡
𝐸
(𝑞𝑡
𝐾)

(A 18) 

𝛱𝑡
𝐵 = (𝑟𝑡

𝐸)𝐵𝑡
𝐸 + (𝑟𝑡

𝐼)𝐵𝑡
𝐼 + (𝑟𝑡 )𝐵𝑡

𝐶𝐵 − (𝑟𝑡
𝑑)𝐷𝑡 −

𝜅𝐿
2
(
𝐵𝑡
𝐸 + 𝐵𝑡

𝐼

𝐾𝑡
𝐵 −𝛹𝑡)

2

𝐾𝑡
𝐵

−
𝜅𝑑
2
(
𝑟𝑡
𝑑

𝑟𝑡−1
𝑑
− 1)

2

𝑟𝑡
𝑑𝐷𝑡 −

𝜅𝐸
2
(
𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 1)

2

𝑟𝑡
𝐸𝐵𝑡

𝐸

−
𝜅𝐼
2
(
𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 1)

2

𝑟𝑡
𝐼𝐵𝑡
𝐼 

(A 19) 

𝐵𝑡
𝐸 + 𝐵𝑡

𝐼 + 𝐵𝑡
𝐶𝐵 = 𝐷𝑡 + 𝐾𝑡

𝐵 (A 20) 

𝐾𝑡
𝐵 = (1 − 𝛿𝐾𝐵)

𝐾𝑡−1
𝐵

𝜋𝑡
+ 𝜒

𝛱𝑡−1
𝐵

𝜋𝑡

(A 21) 

1 +
𝜀𝑏𝑖

𝑟𝑡
𝐼 (𝑟𝑡 + 𝜅𝐿 (

𝐵𝑡
𝐸 + 𝐵𝑡

𝐼

𝐾𝑡
𝐵 −𝛹𝑡)) + 𝛽𝑃

𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 (𝜅𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 − 1)

𝐵𝑡+1
𝐼

𝐵𝑡
𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 )

2

)

= 𝜀𝑏𝑖 + 𝜅𝐼 (
𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 1)

𝑟𝑡
𝐼

𝑟𝑡−1
𝐼

(A 22) 

1 +
𝜀𝑏𝑒

𝑟𝑡
𝐸 (𝑟𝑡 + 𝜅𝐿 (

𝐵𝑡
𝐸 + 𝐵𝑡

𝐼

𝐾𝑡
𝐵 −𝛹𝑡)) + 𝛽𝑃

𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 (𝜅𝐸 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 − 1)

𝐵𝑡+1
𝐸

𝐵𝑡
𝐸 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 )

2

)

= 𝜀𝑏𝑒 + 𝜅𝐸 (
𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 1)

𝑟𝑡
𝐸

𝑟𝑡−1
𝐸

(A 23) 

𝜀𝑑 + 𝛽𝑃
𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 𝜅𝑑 (

𝑟𝑡+1
𝑑

𝑟𝑡
𝑑
− 1)

𝐷𝑡+1
𝐷𝑡

(
𝑟𝑡+1
𝑑

𝑟𝑡
𝑑
)

2

= 1 +
𝑟𝑡

𝑟𝑡
𝑑
(𝜀𝑑 ) + 𝜅𝑑 (

𝑟𝑡
𝑑

𝑟𝑡−1
𝑑
− 1)

𝑟𝑡
𝑑

𝑟𝑡−1
𝑑

(A 24) 

𝛹𝑡 = (
𝛹

𝛹
𝑟𝑒𝑔)𝛹𝑡

𝑟𝑒𝑔  
(A 25) 



 

𝐻𝑡 = (1 − 𝛿𝐻)𝐻𝑡−1 + 𝜀𝑡
𝐻 (1 −

1

2
𝜅𝐻 (

𝐼𝑡
𝐻

𝐼𝑡−1
𝐻 − 1)

2

) 𝐼𝑡
𝐻

(A 26) 

𝐻𝑡 = 𝐻𝑡
𝑝
+ 𝐻𝑡

𝐼 (A 27) 

𝑞𝑡 =
1

𝜀𝑡
𝐻 +

1

2
𝜅𝐻𝑞𝑡 (

𝐼𝑡
𝐻

𝐼𝑡−1
𝐻 − 1)

2

+ 𝜅𝐻𝑞𝑡
𝐼𝑡
𝐻

𝐼𝑡−1
𝐻 (

𝐼𝑡
𝐻

𝐼𝑡−1
𝐻 − 1)

− 𝛽𝑃
𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 (𝜅𝐻𝑞𝑡+1

𝜀𝑡+1
𝐻

𝜀𝑡
𝐻 (

𝐼𝑡+1
𝐻

𝐼𝑡
𝐻 )

2

(
𝐼𝑡+1
𝐻

𝐼𝑡
𝐻 − 1))

(A 28) 

𝐾𝑡 = (1 − 𝛿𝑘)𝐾𝑡−1 + 𝜀𝑡
𝐾 (1 −

1

2
𝜅𝑘 (

𝐼𝑡
𝐾

𝐼𝑡−1
𝐾 − 1)

2

) 𝐼𝑡
𝐾

(A 29) 

𝐾𝑡 = 𝐾𝑡
𝑝
+ 𝐾𝑡

𝐸 (A 30) 

𝑞𝑡
𝐾 =

1

𝜀𝑡
𝐾 +

1

2
𝜅𝐾𝑞𝑡

𝐾 (
𝐼𝑡
𝐾

𝐼𝑡−1
𝐾 − 1)

2

+ 𝜅𝐾𝑞𝑡
𝐾
𝐼𝑡
𝐾

𝐼𝑡−1
𝐾 (

𝐼𝑡
𝐾

𝐼𝑡−1
𝐾 − 1)

− 𝛽𝑃
𝐶𝑡
𝑝

𝐶𝑡+1
𝑝 (𝜅𝐾𝑞𝑡+1

𝐾
𝜀𝑡+1
𝐾

𝜀𝑡
𝐾 (

𝐼𝑡+1
𝐾

𝐼𝑡
𝐾 )

2

(
𝐼𝑡+1
𝐾

𝐼𝑡
𝐾 − 1))

(A 31) 

(1 + 𝜌𝑡) = 𝑒𝑥𝑝 (−𝜑
𝑠𝑡𝐵̃𝑡

∗

𝑌𝑡
𝐸 ) 𝜀𝑡

𝜌
(A 32) 



 

(
1

1 − 𝜃𝐻
((𝜋𝑡

𝐻)1−𝜀𝐻 − 𝜃𝐻(𝜋𝑡−1
𝐻 )1−𝜀𝐻))

1
1−𝜀𝐻

𝐸𝑡∑(𝛽𝑃𝜃𝐻)
𝑘
1

𝐶𝑡+𝑘
𝑝 𝑦𝑡+𝑘

𝐻 (𝜋𝑡+𝑘
𝐻 )

𝜀𝐻−1
∞

𝑘=0

= (
𝜀𝐻

𝜀𝐻 − 1
) 𝜀𝑡

𝑥ℎ𝐸𝑡∑(𝛽𝑃𝜃𝐻)
𝑘
1

𝐶𝑡+𝑘
𝑝 𝑦𝑡+𝑘

𝐻 (𝜋𝑡+𝑘
𝐻 )

𝜀𝐻 𝑝𝑡+𝑘
𝐸

𝑝𝑡+𝑘
𝐻

∞

𝑘=0

Where  𝑝𝑡
𝐸 =

𝑃𝑡
𝐸

𝑃𝑡
 and 𝑝𝑡

𝐻 =
𝑃𝑡
𝐻

𝑃𝑡

(A 33) 

𝛱𝑡
𝐻 = (𝑝𝑡

𝐻 − 𝑝𝑡
𝐸)𝑦𝑡

𝐻 (A 34) 

𝜋𝑡
𝐻 =

𝑝𝑡
𝐻

𝑝𝑡−1
𝐻 𝜋𝑡

(A 35) 

(
1

1 − 𝜃𝐹
((𝜋𝑡

𝐹)1−𝜀𝐹 − 𝜃𝐹(𝜋𝑡−1
𝐹 )1−𝜀𝐹))

1
1−𝜀𝐹

𝐸𝑡∑(𝛽𝑃𝜃𝐹)
𝑘
1

𝐶𝑡+𝑘
𝑝 𝑦𝑡+𝑘

𝐹 (𝜋𝑡+𝑘
𝐹 )

𝜀𝐹−1
∞

𝑘=0

=
𝜀𝐹

𝜀𝐹 − 1
𝐸𝑡∑(𝛽𝑃𝜃𝐹)

𝑘
1

𝐶𝑡+𝑘
𝑝 𝑦𝑡+𝑘

𝐹 (𝜋𝑡+𝑘
𝐹 )

𝜀𝐹 𝑠𝑡+𝑘𝑝̃𝑡+𝑘
𝐹∗

𝑝𝑡
𝐹

∞

𝑘=0

Where  𝑝𝑡
𝐹 =

𝑃𝑡
𝐹

𝑃𝑡
 and  𝑝𝑡

𝐹∗ =
𝑃𝑡
𝐹∗

𝑃𝑡
∗

(A 36) 

𝛱𝑡
𝐹 = (𝑝𝑡

𝐹 − 𝑠𝑡𝑝𝑡
𝐹∗)𝑦𝑡

𝐹  (A 37) 

𝜋𝑡
𝐹 =

𝑝𝑡
𝐹

𝑝𝑡−1
𝐹 𝜋𝑡

(A 38) 

𝑦𝑡
𝐻∗ = (1 − 𝜂∗) (

𝑝𝑡
𝐻∗

𝑝𝑡
𝑋∗)

−(1+𝜇𝐻∗)
𝜇𝐻∗

𝑦𝑡
∗ 

Where 𝑝𝑡
𝐻∗ =

𝑃𝑡
𝐻∗

𝑃𝑡
∗  and   𝑝𝑡

𝑋∗ =
𝑃𝑡
𝑋∗

𝑃𝑡
∗   

(A 39) 



 

(
1

1 − 𝜃𝐻∗
((𝜋𝑡

𝐻∗)
1−𝜀𝐻∗ − 𝜃𝐻∗(𝜋𝑡−1

𝐻∗ )
1−𝜀𝐻∗))

1
1−𝜀𝐻∗

𝐸𝑡∑(𝛽𝑃𝜃𝐻∗)
𝑘
1

𝐶𝑡+𝑘
𝑝 𝑦𝑡+𝑘

𝐻∗ (𝜋𝑡+𝑘
𝐻∗ )

𝜀𝐻∗−1
∞

𝑘=0

=
𝜀𝐻∗

𝜀𝐻∗ − 1
𝐸𝑡∑(𝛽𝑃𝜃𝐻∗)

𝑘
1

𝐶𝑡+𝑘
𝑝 𝑦𝑡+𝑘

𝐻∗ (𝜋𝑡+𝑘
𝐻∗ )

𝜀𝐻∗ 𝑝𝑡+𝑘
𝐸

𝑠𝑡+𝑘𝑝𝑡+𝑘
𝐻∗

∞

𝑘=0

 

(A 40) 

𝛱𝑡
𝐻∗ = (𝑠𝑡𝑝𝑡

𝐻∗ − 𝑝𝑡
𝐸)𝑦𝑡

𝐻∗ (A 41) 

𝜋𝑡
𝐻∗ =

𝑝𝑡
𝐻∗

𝑝𝑡−1
𝐻∗ 𝜋𝑡

∗ 
(A 42) 

𝑦𝑡
𝐻 = 𝜉(𝑝𝑡

𝐻)
− 
1+𝜇
𝜇 𝑦𝑡 

(A 43) 

𝑦𝑡
𝐹 = (1 − 𝜉)(𝑝𝑡

𝐹)
− 
1+𝜇
𝜇 𝑦𝑡  

(A 44) 

𝑦𝑡 = 𝑦𝑡
𝐻𝑝𝑡

𝐻 + 𝑦𝑡
𝐹𝑝𝑡

𝐹 (A 45) 

𝑦𝑡
𝐸 = 𝑦𝑡

𝐻 + 𝑦𝑡
𝐻∗ (A 46) 

𝑦𝑡 = 𝐶𝑡
𝑝
+ 𝐶𝑡

𝐼 + 𝐶𝑡
𝐸 + 𝐼𝑡

𝐾 + 𝐼𝑡
𝐻 + 𝛿𝐾𝐵

𝐾𝑡−1
𝐵

𝜋𝑡
 

(A 47) 

𝑠𝑡𝑝𝑡
𝐹∗𝑦𝑡

𝐹 + 𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )

𝐵̃𝑡−1
∗

𝜋𝑡
∗ = 𝑠𝑡𝑝𝑡

𝐻∗𝑦𝑡
𝐻∗ + 𝑠𝑡𝐵̃𝑡

∗ 
(A 48) 

1 + 𝑟𝑡
∗ = (1 − 𝜌𝑟∗)(1 + 𝑟

∗ ) + 𝜌𝑟∗(1 + 𝑟𝑡−1
∗ ) + 𝜖𝑡

𝑟∗ (A 49) 



 

𝜋𝑡
∗ = (1 − 𝜌𝜋∗)𝜋

∗ + 𝜌𝜋∗𝜋𝑡−1
∗ + 𝜖𝑡

𝜋∗  (A 50) 

𝑝𝑡
𝐹∗ = (1 − 𝜌𝑝𝐹∗)𝑝

𝐹∗ + 𝜌𝑝𝐹∗𝑝𝑡−1
𝐹∗ + 𝜖𝑡

𝐹∗ (A 51) 

𝑝𝑡
𝑋∗ = (1 − 𝜌𝑝𝑋∗)𝑝

𝑋∗ + 𝜌𝑝𝑋∗𝑝𝑡−1
𝑋 + 𝜖𝑡

𝑋∗  (A 52) 

𝑦𝑡
∗ = (1 − 𝜌𝑦∗)𝑦

∗ + 𝜌𝑦∗𝑦𝑡−1
∗ + 𝜖𝑡

𝑦∗ (A 53) 

𝑙𝑛(𝐴𝑡) = 𝜌𝐴𝑙𝑛(𝐴𝑡−1) + 𝜖𝑡
𝐴 (A 54) 

𝜀𝑡
𝜌
= (1 − 𝜌𝜌)𝜀

𝜌
+ 𝜌𝜀𝜌 𝜀𝑡−1

𝜌
+ 𝜖𝑡

𝜌 (A 55) 



 

𝐶𝑡
𝑝
+ 𝑞𝑡

𝐾𝐾𝑡
𝑝
− (1 − 𝛿𝐾)𝑞𝑡

𝐾𝐾𝑡−1
𝑝
+ 𝑞𝑡𝐻𝑡

𝑝
− (1 − 𝛿𝐻)𝑞𝑡𝐻𝑡−1

𝑝
+𝐷𝑡

+ 𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )(1 + 𝜏𝑡−1

∗ )
𝐵̃𝑡−1
∗

𝜋𝑡
∗

= 𝑤𝑡
𝑃𝐿𝑡
𝑃 + (1 + 𝑟𝑡−1

𝑑 )
𝐷𝑡−1
𝜋𝑡

+ 𝑅𝑡
𝐾𝑞𝑡

𝐾𝐾𝑡−1
𝑃 + 𝑠𝑡𝐵̃𝑡

∗ + 𝑇𝑡 

(A 56) 

𝑇𝑡 = 𝛱𝑡
𝐻 + 𝛱𝑡

𝐹 + 𝛱𝑡
𝐻∗ + (1 − 𝜒)

𝛱𝑡−1
𝐵

𝜋𝑡
+
𝜅𝐿
2
(
𝐵𝑡−1
𝐸 + 𝐵𝑡−1

𝐼

𝐾𝑡−1
𝐵 −𝛹𝑡−1)

2
𝐾𝑡−1
𝐵

𝜋𝑡

+
𝜅𝑑
2
(
𝑟𝑡−1
𝑑

𝑟𝑡−2
𝑑
− 1)

2

𝑟𝑡−1
𝑑
𝐷𝑡−1
𝜋𝑡

+
𝜅𝐸
2
(
𝑟𝑡−1
𝐸

𝑟𝑡−2
𝐸 − 1)

2

𝑟𝑡−1
𝐸
𝐵𝑡−1
𝐸

𝜋𝑡

+
𝜅𝐼
2
(
𝑟𝑡−1
𝐼

𝑟𝑡−2
𝐼 − 1)

2

𝑟𝑡−1
𝐼
𝐵𝑡−1
𝐼

𝜋𝑡
− (𝑟𝑡−1)

𝐵𝑡−1
𝐶𝐵

𝜋𝑡

+ 𝑠𝑡(1 + 𝜌𝑡−1)(1 + 𝑟𝑡−1
∗ )𝜏𝑡−1

∗
𝐵̃𝑡−1
∗

𝜋𝑡
∗  

(A 57) 

(
𝑠𝑡+1
𝑠𝑡
) =

(1 + 𝑟𝑡
𝑑)

(1 + 𝜌𝑡)(1 + 𝑟𝑡
∗)(1 + 𝜏𝑡

∗)
(
𝜋𝑡+1
∗

𝜋𝑡+1
) 

(A 58) 



 

𝐶𝑡
𝐼 + 𝑞𝑡(𝐻𝑡

𝐼 − (1 − 𝛿𝐻)(1 − 𝜁𝑡
𝐼)𝐻𝑡−1

𝐼 ) + (1 + 𝑟𝑡−1
𝐼 )(1 − 𝜁𝑡

𝐼)
𝐵𝑡−1
𝐼

𝜋𝑡
= 𝐵𝑡

𝐼 +𝑤𝑡
𝐼𝐿𝑡
𝐼  

(A 59) 

𝑗

𝐻𝑡
𝐼 +(

𝜋𝑡+1
(1 + 𝑟𝑡

𝐼)𝐶𝑡
𝐼 −

𝛽𝐼
𝐶𝑡+1
𝐼
(1 − 𝜁𝑡+1

𝐼 ))𝑚𝑡
𝐼𝑞𝑡+1(1 − 𝛿𝐻) +

𝛽𝐼 𝑞𝑡+1(1 − 𝛿𝐻)(1 − 𝜁𝑡+1
𝐼 )

𝐶𝑡+1
𝐼

=
𝑞𝑡

𝐶𝑡
𝐼

(A 60) 

𝜁𝑡
𝐼 = 𝜌𝜁𝑖𝜁𝑡−1

𝐼 + (1 − 𝜌𝜁𝑖)𝜁𝐼 + 𝜀𝑡
𝜁𝑖  (A 61) 

𝐶𝑡
𝐸 + 𝑞𝑡

𝐾(𝐾𝑡
𝐸 − (1 − 𝛿𝐾)(1 − 𝜁𝑡

𝐸)𝐾𝑡−1
𝐸 ) + 𝑤𝑡

𝑃𝐿𝑡
𝑃 + 𝑤𝑡

𝐼𝐿𝑡
𝐼 + (1 + 𝑟𝑡−1

𝐸 )(1 − 𝜁𝑡
𝐸)
𝐵𝑡−1
𝐸

𝜋𝑡

+ 𝑅𝑡
𝐾𝐾𝑡−1

𝑃 =
𝑃𝑡
𝐸

𝑃𝑡
𝑌𝑡
𝐸 + 𝐵𝑡

𝐸

(A 62) 

(
𝜋𝑡+1

𝐶𝑡
𝐸(1 + 𝑟𝑡

𝐸)
−
𝛽𝐸 (1 − 𝜁𝑡+1

𝐸 )

𝐶𝑡+1
𝐸 )𝑚𝑡

𝐸𝑞𝑡+1
𝐾 (1 − 𝛿𝐾)

+
𝛽𝐸
𝐶𝑡+1
𝐸 ((1 − 𝛿𝐾)(1 − 𝜁𝑡+1

𝐸 )𝑞𝑡+1
𝐾 + 𝜎𝛼

𝑃𝑡+1
𝐸

𝑃𝑡+1

𝑌𝑡+1
𝐸

𝐾𝑡
𝐸 ) =

1

𝐶𝑡
𝐸
(𝑞𝑡
𝐾)

(A 63) 

𝜁𝑡
𝐸 = 𝜌𝜁𝑒𝜁𝑡−1

𝐸 + (1 − 𝜌𝜁𝑒)𝜁𝐸 + 𝜀𝑡
𝜁𝑒  

(A 64) 

𝛱𝑡−1
𝐵

𝜋𝑡
= (𝑟𝑡−1

𝐸 )
𝐵𝑡−1
𝐸

𝜋𝑡
+ (𝑟𝑡

𝐼(𝑗))
𝐵𝑡−1
𝐼

𝜋𝑡
+ (𝑟𝑡 )

𝐵𝑡−1
𝐶𝐵

𝜋𝑡
− (𝑟𝑡

𝑑(𝑗))
𝐷𝑡−1
𝜋𝑡

−
𝜅𝐿
2
(
𝐵𝑡−1
𝐸 + 𝐵𝑡−1

𝐼

𝐾𝑡−1
𝐵 −𝛹𝑡−1)

2
𝐾𝑡−1
𝐵

𝜋𝑡
−
𝜅𝑑
2
(
𝑟𝑡−1
𝑑

𝑟𝑡−2
𝑑
− 1)

2

𝑟𝑡−1
𝑑
𝐷𝑡−1
𝜋𝑡

−
𝜅𝐸
2
(
𝑟𝑡−1
𝐸

𝑟𝑡−2
𝐸 − 1)

2

𝑟𝑡−1
𝐸
𝐵𝑡−1
𝐸

𝜋𝑡
−
𝜅𝐼
2
(
𝑟𝑡−1
𝐼

𝑟𝑡−2
𝐼 − 1)

2

𝑟𝑡−1
𝐼
𝐵𝑡−1
𝐼

𝜋𝑡

− 𝜁𝑡
𝐸(1 + 𝑟𝑡−1

𝐸 )
𝐵𝑡−1
𝐸

𝜋𝑡
− 𝜁𝑡

𝐼(1 + 𝑟𝑡−1
𝐼 )

𝐵𝑡−1
𝐼

𝜋𝑡
+ 𝑞𝑡 𝛾𝑡

𝐻(1 − 𝛿𝐻)(𝜁𝑡
𝐼)𝐻𝑡−1

𝐼

+ 𝑞𝑡
𝐾𝛾𝑡

𝐾(1 − 𝛿𝐾)(𝜁𝑡
𝐸)𝐾𝑡−1

𝐸  

(A 65) 



 

𝑙𝑜𝑠𝑠𝑡
𝐼 = 𝜁𝑡+1

𝐼 (1 −
𝛾𝑡+1
𝐻

𝑚𝑡
𝐼 )

(A 66) 

𝑙𝑜𝑠𝑠𝑡
𝐸 = 𝜁𝑡+1

𝐸 (1 −
𝛾𝑡+1
𝐾

𝑚𝑡
𝐸 )

(A 67) 

1 − 𝜀𝑏𝐼 + 𝜀𝑏𝐼𝑙𝑜𝑠𝑠𝑡
𝐼 − 𝑙𝑜𝑠𝑠𝑡

𝐼 +
𝜀𝑏𝐼

𝑟𝑡
𝐼 𝑟𝑡 + 𝜅𝐿

𝜀𝑏𝐼

𝑟𝑡
𝐼

𝐵𝑡
𝐸

𝐾𝑡
𝐵 + 𝜅𝐿

𝜀𝑏𝐼

𝑟𝑡
𝐼

𝐵𝑡
𝐼

𝐾𝑡
𝐵 − 𝜅𝐿

𝜀𝑏𝐼

𝑟𝑡
𝐼 𝛹𝑡 +

𝜀𝑏𝐼

𝑟𝑡
𝐼 𝑙𝑜𝑠𝑠𝑡

𝐼

= 𝜅𝐼 (
𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 1)

𝑟𝑡
𝐼

𝑟𝑡−1
𝐼 − 𝛽𝑃

𝐶𝑡
𝑃

𝐶𝑡+1
𝑃 (𝜅𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 − 1)

𝐵𝑡+1
𝐼

𝐵𝑡
𝐼 (

𝑟𝑡+1
𝐼

𝑟𝑡
𝐼 )

2

)

(A 68) 

1 − 𝜀𝑏𝐸 + 𝜀𝑏𝐸𝑙𝑜𝑠𝑠𝑡+1
𝐸 − 𝑙𝑜𝑠𝑠𝑡+1

𝐸 +
𝜀𝑏𝐸

𝑟𝑡
𝐸 𝑟𝑡 + 𝜅𝐿

𝜀𝑏𝐸

𝑟𝑡
𝐸

𝐵𝑡
𝐸

𝐾𝑡
𝐵 + 𝜅𝐿

𝜀𝑏𝐸

𝑟𝑡
𝐸

𝐵𝑡
𝐼

𝐾𝑡
𝐵 − 𝜅𝐿

𝜀𝑏𝐸

𝑟𝑡
𝐸 𝛹𝑡

+
𝜀𝑏𝐸

𝑟𝑡
𝐸 𝑙𝑜𝑠𝑠𝑡+1

𝐸

= 𝜅𝐸 (
𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 1)

𝑟𝑡
𝐸

𝑟𝑡−1
𝐸 − 𝛽𝑃

𝐶𝑡
𝑃

𝐶𝑡+1
𝑃 (𝜅𝐼 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 − 1)

𝐵𝑡+1
𝐸

𝐵𝑡
𝐸 (

𝑟𝑡+1
𝐸

𝑟𝑡
𝐸 )

2

)

(A 69) 

𝐿𝑆𝑡
𝐻 = 𝑣ℎ𝜁𝑡

𝐼(1 − 𝛿𝐻)𝐻𝑡−1
𝐼  (A 70) 

𝐿𝑆𝑡
𝐻 = 𝑍𝐻(𝐿𝑄𝑡

𝐻)(1−𝜄ℎ) (A 71) 

𝑝𝑡
𝐿𝐻 =

𝐿𝑄𝑡
𝐻

(1 − 𝜄ℎ)𝐿𝑆𝑡
𝐻

(A 72) 

𝛾𝑡
𝐻 = (1 −

𝑝𝑡
𝐿𝐻(1 − 𝜄ℎ)𝑣ℎ

𝑞𝑡
)

(A 73) 

𝐿𝑆𝑡
𝐾 = 𝑣𝑘𝜁𝑡

𝐸(1 − 𝛿𝐾)𝐾𝑡−1
𝐸  (A 74) 

𝐿𝑆𝑡
𝐾 = 𝑍𝐾(𝐿𝑄𝑡

𝐾)(1−𝜄𝑘) (A 75) 



 

𝑝𝑡
𝐿𝐾 =

𝐿𝑄𝑡
𝐾

(1 − 𝜄𝑘)𝐿𝑆𝑡
𝐾

(A 76) 

𝛾𝑡
𝐾 = (1 −

𝑝𝑡
𝐿𝐾(1 − 𝜄𝑘)𝑣𝑘

𝑞𝑡
𝐾 )

(A 77) 



 



 



 



 



 



 



 

 

 



 

 

 



 

 



 

 



 

 

 



 

 


