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Appendix 
 
A1. Log-linearized Equations  

𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡 = 𝛺𝛺𝑏𝑏(𝑐̂̃𝑐𝑡𝑡𝑏𝑏 − 𝑑̂𝑑𝑡𝑡𝑏𝑏) + 𝛽𝛽𝑏𝑏(1 − 𝛿𝛿)[(1 − 𝜎𝜎)𝛾𝛾𝐸𝐸𝑡𝑡(𝛥𝛥𝑑̂𝑑𝑡𝑡+1𝑏𝑏 ) − 𝛤𝛤𝐸𝐸𝑡𝑡(𝛥𝛥𝑐̂̃𝑐𝑡𝑡+1𝑏𝑏 )]
+𝛽𝛽𝑏𝑏(1 − 𝛿𝛿)𝐸𝐸𝑡𝑡(𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡+1) + 𝜓𝜓(1 − 𝜒𝜒)(𝜓𝜓�𝑡𝑡 + 𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡 + 𝜋𝜋�𝐷𝐷,𝑡𝑡+1 + 𝜖𝜖𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃) + 𝛬𝛬𝑏𝑏𝜖𝜖𝑡𝑡

𝑑𝑑,𝑏𝑏 (A1) 

𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡 = 𝛺𝛺𝑠𝑠(𝑐̂̃𝑐𝑡𝑡𝑠𝑠 − 𝑑̂𝑑𝑡𝑡𝑠𝑠) + 𝛽𝛽𝑠𝑠(1 − 𝛿𝛿)[(1 − 𝜎𝜎)𝛾𝛾𝐸𝐸𝑡𝑡(𝛥𝛥𝑑̂𝑑𝑡𝑡+1𝑠𝑠 ) − 𝛤𝛤𝐸𝐸𝑡𝑡(𝛥𝛥𝑐̂̃𝑐𝑡𝑡+1𝑠𝑠 )]
+𝛽𝛽𝑠𝑠(1 − 𝛿𝛿)𝐸𝐸𝑡𝑡(𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡+1) + 𝛬𝛬𝑠𝑠𝜖𝜖𝑡𝑡

𝑑𝑑,𝑠𝑠  (A2) 

𝜓𝜓�𝑡𝑡 =
𝛽𝛽𝑏𝑏

𝛽𝛽𝑠𝑠 − 𝛽𝛽𝑏𝑏
�

𝛤𝛤𝐸𝐸𝑡𝑡(𝛥𝛥𝑐̂̃𝑐𝑡𝑡+1𝑏𝑏 ) − (1 − 𝜎𝜎)𝛾𝛾𝐸𝐸𝑡𝑡(𝛥𝛥𝑑̂𝑑𝑡𝑡+1𝑏𝑏 )
−(𝑟̂𝑟𝑡𝑡 − 𝜋𝜋�𝐶𝐶,𝐻𝐻,𝑡𝑡+1 − 𝛼𝛼𝐶𝐶𝐸𝐸𝑡𝑡(𝛥𝛥𝑠̂𝑠𝐶𝐶,𝑡𝑡+1)) + (1 − 𝜎𝜎)𝛾𝛾[𝑙𝑙𝑙𝑙𝐷𝐷𝑏𝑏 − 𝑙𝑙𝑙𝑙𝐶̃𝐶𝑏𝑏](1 − 𝜌𝜌𝑑𝑑,𝑏𝑏)𝜖𝜖𝑡𝑡

𝑑𝑑,𝑏𝑏� − 𝑟̂𝑟𝑡𝑡 (A3) 

𝛤𝛤𝐶̂̃𝐶𝑡𝑡𝑠𝑠 = 𝛤𝛤𝐸𝐸𝑡𝑡𝐶̂̃𝐶𝑡𝑡+1𝑠𝑠 − (1 − 𝜎𝜎)𝛾𝛾𝐸𝐸𝑡𝑡(𝛥𝛥𝑑̂𝑑𝑡𝑡+1𝑠𝑠 ) − (𝑟̂𝑟𝑡𝑡 − 𝜋𝜋�𝐶𝐶,𝐻𝐻,𝑡𝑡+1) + 𝛼𝛼𝐶𝐶𝛥𝛥𝑠̂𝑠𝐶𝐶,𝑡𝑡+1

+(1 − 𝜎𝜎)𝛾𝛾(𝑙𝑙𝑙𝑙𝐷𝐷𝑠𝑠 − 𝑙𝑙𝑙𝑙(𝐶̃𝐶𝑠𝑠))(1 − 𝜌𝜌𝑑𝑑,𝑠𝑠)𝜖𝜖𝑡𝑡
𝑑𝑑,𝑠𝑠  (A4) 

𝑐̂𝑐𝑡𝑡𝑏𝑏 =
𝐵𝐵𝐻𝐻𝑏𝑏

𝐶̃𝐶𝑏𝑏
[𝑏𝑏�𝐻𝐻,𝑡𝑡

𝑏𝑏 − 𝛽𝛽𝑠𝑠−1(𝑟̂𝑟𝑡𝑡−1 + 𝑏𝑏�𝐻𝐻,𝑡𝑡−1
𝑏𝑏 − 𝜋𝜋�𝐶𝐶,𝐻𝐻,𝑡𝑡 − 𝛼𝛼𝑐𝑐𝛥𝛥𝑠̂𝑠𝐶𝐶,𝑡𝑡)] + 𝑀𝑀𝐶𝐶(𝑤𝑤��𝐶𝐶,𝑡𝑡 + 𝑛𝑛�𝐶𝐶,𝑡𝑡

𝑏𝑏 )

+𝑃𝑃𝐷𝐷/𝐶𝐶𝑀𝑀𝐷𝐷(𝑤𝑤��𝐷𝐷,𝑡𝑡 + 𝑛𝑛�𝐷𝐷,𝑡𝑡
𝑏𝑏 ) − 𝑃𝑃𝐷𝐷/𝐶𝐶

𝐷𝐷𝑏𝑏

𝐶̃𝐶𝑏𝑏
(𝛿𝛿𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡 + 𝑑̂𝑑𝑡𝑡𝑏𝑏 − (1 − 𝛿𝛿)𝑑̂𝑑𝑡𝑡−1𝑏𝑏 )

 (A5) 

𝑏𝑏�𝐻𝐻,𝑡𝑡
𝑏𝑏 = 𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡+1 + 𝑑̂𝑑𝑡𝑡𝑏𝑏 − (𝑟̂𝑟𝑡𝑡 − 𝐸𝐸𝑡𝑡(𝜋𝜋�𝐶𝐶,𝐻𝐻𝐻𝐻+1 + 𝛼𝛼𝑐𝑐𝛥𝛥𝑠𝑠𝐶𝐶,𝑡𝑡+1)) + 𝜖𝜖𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 (A6) 

𝑦𝑦�𝐶𝐶,𝑡𝑡 = (1 − 𝛼𝛼𝐶𝐶)𝑐̂𝑐𝑡𝑡 + 𝛼𝛼𝐶𝐶𝑐̂𝑐𝑡𝑡∗ + 𝛼𝛼𝐶𝐶𝜐𝜐𝐶𝐶𝑠̂𝑠𝐶𝐶,𝑡𝑡 + 𝑔𝑔𝑡𝑡 (A7) 

 
A

2    A
khm

edyarova 



 

 

𝑦𝑦�𝐷𝐷,𝑡𝑡 = (1 − 𝛼𝛼𝐷𝐷)𝚤𝚤𝐷̂𝐷,𝑡𝑡 + 𝛼𝛼𝐷𝐷𝚤𝚤̂𝐷𝐷,𝑡𝑡
∗ + 𝛼𝛼𝐷𝐷𝜐𝜐𝐷𝐷𝑠̂𝑠𝐷𝐷,𝑡𝑡 + 𝑔𝑔𝑡𝑡 (A8) 

𝑐̂𝑐𝑡𝑡 = 𝑤𝑤
𝐶𝐶𝑏𝑏

𝐶𝐶
𝑐̂𝑐𝑡𝑡𝑏𝑏 + (1 − 𝑤𝑤)

𝐶𝐶𝑠𝑠

𝐶𝐶
𝑐̂𝑐𝑡𝑡𝑠𝑠 

(A9) 

𝑑̂𝑑𝑡𝑡 = 𝑤𝑤
𝐷𝐷𝑏𝑏

𝐷𝐷
𝑑̂𝑑𝑡𝑡𝑏𝑏 + (1 − 𝑤𝑤)

𝐷𝐷𝑠𝑠

𝐷𝐷
𝑑̂𝑑𝑡𝑡𝑠𝑠 

  (A10) 

𝜋𝜋�𝑗𝑗,𝐻𝐻,𝑡𝑡 = 𝛽𝛽𝑠𝑠𝜃𝜃𝑗𝑗𝜙𝜙𝑗𝑗𝐸𝐸𝑡𝑡𝜋𝜋�𝑗𝑗,𝐻𝐻,𝑡𝑡+1 + 𝜏𝜏𝑗𝑗𝜙𝜙𝑗𝑗𝜋𝜋�𝑗𝑗,𝐻𝐻,𝑡𝑡−1 + 𝜅𝜅𝑗𝑗𝑚𝑚𝑚𝑚�𝑗𝑗,𝑡𝑡 + 𝜖𝜖𝑡𝑡
𝜇𝜇𝑗𝑗 , 𝑗𝑗 = 𝐶𝐶,𝐷𝐷 (A11) 

𝑚𝑚𝑚𝑚�𝐶𝐶,𝑡𝑡 = 𝛤𝛤𝑐̂̃𝑐𝑡𝑡 − (1 − 𝜎𝜎)𝛾𝛾𝑑̂𝑑𝑡𝑡 + 𝜙𝜙𝑁𝑁𝑛𝑛�𝐶𝐶,𝑡𝑡 + 𝛼𝛼𝐶𝐶𝑠̂𝑠𝐶𝐶,𝑡𝑡 − 𝑎𝑎𝐶𝐶,𝑡𝑡 − ∑𝜖𝜖𝑡𝑡𝑑𝑑 (A12) 

𝑚𝑚𝑚𝑚�𝐶𝐶,𝑡𝑡 = 𝛤𝛤𝑐̂̃𝑐𝑡𝑡 − (1 − 𝜎𝜎)𝛾𝛾𝑑̂𝑑𝑡𝑡 + 𝜙𝜙𝑁𝑁𝑛𝑛�𝐶𝐶,𝑡𝑡 + 𝛼𝛼𝐶𝐶𝑠̂𝑠𝐶𝐶,𝑡𝑡 − 𝑎𝑎𝐶𝐶,𝑡𝑡 − ∑𝜖𝜖𝑡𝑡𝑑𝑑 (A13) 

𝑠̂𝑠𝐶𝐶 ,𝑡𝑡 =
1

1 − 𝛼𝛼𝐶𝐶
[𝛤𝛤𝑐̂̃𝑐𝑡𝑡𝑠𝑠 − (1 − 𝜎𝜎)𝛾𝛾𝑑̂𝑑𝑡𝑡𝑠𝑠 − 𝑐̂̃𝑐𝑡𝑡∗ + (1 − 𝜎𝜎)𝛾𝛾𝛤𝛤−1𝑑̂𝑑𝑡𝑡∗] 

(A14) 

𝑦𝑦�𝑗𝑗,𝑡𝑡 = 𝛼𝛼�𝑗𝑗,𝑡𝑡 + 𝑛𝑛�𝑗𝑗,𝑡𝑡 , 𝑗𝑗 = 𝐶𝐶,𝐷𝐷 (A15) 

𝑤𝑤��𝑗𝑗,𝑡𝑡 = 𝛤𝛤𝑐̂̃𝑐𝑡𝑡 − (1 − 𝜎𝜎)𝛾𝛾𝑑̂𝑑𝑡𝑡 + 𝜙𝜙𝑛𝑛�𝑗𝑗,𝑡𝑡 − �(1 − 𝜎𝜎)𝛾𝛾(𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑙𝑙𝑙𝑙𝐶̃𝐶)
𝛾𝛾

1 − 𝛾𝛾� 𝜖𝜖𝑡𝑡
𝐷𝐷 (A16) 

𝑤𝑤��𝑗𝑗,𝑡𝑡 = 𝛤𝛤𝑐̂̃𝑐𝑡𝑡𝑖𝑖 − (1 − 𝜎𝜎)𝛾𝛾𝑑̂𝑑𝑡𝑡𝑖𝑖 + 𝜙𝜙𝑛𝑛�𝑗𝑗,𝑡𝑡
𝑖𝑖 − �(1 − 𝜎𝜎)𝛾𝛾(𝑙𝑙𝑙𝑙𝐷𝐷𝑖𝑖 − 𝑙𝑙𝑙𝑙𝐶̃𝐶𝑖𝑖)

𝛾𝛾
1 − 𝛾𝛾� 𝜖𝜖𝑡𝑡

𝐷𝐷 (A17) 

𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡 = 𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡−1 + 𝜋𝜋�𝐷𝐷,𝐻𝐻,𝑡𝑡 − 𝜋𝜋�𝐶𝐶,𝐻𝐻,𝑡𝑡 + 𝛼𝛼𝐷𝐷𝛥𝛥𝑠̂𝑠𝐷𝐷,𝑡𝑡 − 𝛼𝛼𝐶𝐶𝛥𝛥𝑠̂𝑠𝐶𝐶,𝑡𝑡 (A18) 

𝛥𝛥𝑠̂𝑠𝐶𝐶 ,𝑡𝑡 = 𝜋𝜋�𝐶𝐶,𝐹𝐹,𝑡𝑡 − 𝜋𝜋�𝐶𝐶,𝐻𝐻,𝑡𝑡 (A19) 
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(1 − 𝛼𝛼𝑐𝑐)𝑠̂𝑠𝐶𝐶,𝑡𝑡 − (1 − 𝛼𝛼𝐷𝐷)𝑠̂𝑠𝐷𝐷,𝑡𝑡 = 𝑝̂𝑝𝐷𝐷,𝐶𝐶,𝑡𝑡 − 𝑝̂𝑝𝐷𝐷,𝐶𝐶,𝑡𝑡
∗  (A20) 

𝜋𝜋�𝐶𝐶,𝑡𝑡 = 𝜋𝜋�𝐶𝐶,𝐻𝐻,𝑡𝑡 + 𝛼𝛼𝐶𝐶𝛥𝛥𝑠̂𝑠𝐶𝐶,𝑡𝑡 (A21) 

𝑦𝑦�𝑡𝑡 =
𝑃𝑃𝐷𝐷/𝐶𝐶
−𝜉𝜉 𝐶𝐶
𝑌𝑌

𝑦𝑦�𝐶𝐶,𝑡𝑡 +
𝛿𝛿𝑃𝑃𝐷𝐷/𝐶𝐶

1−𝜉𝜉𝐷𝐷
𝑌𝑌

𝑦𝑦�𝐷𝐷,𝑡𝑡 + 𝛯𝛯𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝐻𝐻,𝑡𝑡 − 𝜉𝜉𝜉𝜉𝜉𝜉𝑃𝑃𝐷𝐷/𝐶𝐶(𝜖𝜖𝑡𝑡𝐷𝐷 + 𝜖𝜖𝑡𝑡
𝐷𝐷,∗) 

(A22) 

𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝐻𝐻,𝑡𝑡 = 𝑝̂𝑝𝐷𝐷/𝐶𝐶,𝑡𝑡 − 𝛼𝛼𝐷𝐷𝑠̂𝑠𝐷𝐷,𝑡𝑡 + 𝛼𝛼𝐶𝐶𝑠̂𝑠𝐶𝐶,𝑡𝑡 (A23) 

𝑛𝑛�𝑡𝑡 =
𝑁𝑁𝐶𝐶
𝑁𝑁
𝑛𝑛�𝐶𝐶,𝑡𝑡 +

𝑁𝑁𝐷𝐷
𝑁𝑁
𝑛𝑛�𝐷𝐷,𝑡𝑡 

(A24) 

𝜙𝜙𝑗𝑗 ≡
1

𝜃𝜃𝑗𝑗 + 𝜏𝜏𝑗𝑗(1 − 𝜃𝜃𝑗𝑗(1 − 𝛽𝛽𝑠𝑠))
 (A25) 

𝜅𝜅𝑗𝑗 ≡
(1 − 𝜏𝜏𝑗𝑗)(1 − 𝜃𝜃𝑗𝑗(1 − 𝛽𝛽𝑠𝑠𝜃𝜃𝑗𝑗))
𝜃𝜃𝑗𝑗 + 𝜏𝜏𝑗𝑗(1 − 𝜃𝜃𝑗𝑗)(1 − 𝛽𝛽𝑠𝑠)

 
(A26) 

𝛤𝛤 ≡
𝜎𝜎 + (1 − 𝜎𝜎)𝛾𝛾

1 − ℎ𝑐𝑐
 

(A27) 

𝜆𝜆𝑗𝑗 ≡ �
𝛺𝛺𝑗𝑗

1 − 𝛾𝛾
− (1 − 𝜌𝜌𝑑𝑑,𝑗𝑗)𝛽𝛽𝑗𝑗(1 − 𝛿𝛿) �(1 − 𝜎𝜎)𝛾𝛾(𝑙𝑙𝑙𝑙𝐷𝐷𝑗𝑗 − 𝑙𝑙𝑙𝑙𝐶̃𝐶) −

𝛾𝛾
1 − 𝛾𝛾�� 

(A28) 

𝛺𝛺𝑗𝑗 ≡
𝛾𝛾

1 − 𝛾𝛾
𝐶𝐶𝚥𝚥�

𝐷𝐷𝑗𝑗𝑃𝑃𝐷𝐷/𝑐𝑐
 

(A29) 
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A2. Steady State 

𝑅𝑅 = 𝛽𝛽𝑠𝑠−1 (A32) 

𝜓𝜓 = 𝛽𝛽𝑠𝑠 − 𝛽𝛽𝑏𝑏 (A33) 

𝑀𝑀𝐶𝐶𝑗𝑗 =
1

1 + 𝜇𝜇𝑗𝑗
 (A34) 

𝑃𝑃𝐷𝐷/𝐶𝐶 =
1 + 𝜇𝜇𝐷𝐷
1 + 𝜇𝜇𝐶𝐶

 (A35) 

𝐶𝐶𝑏𝑏

𝐷𝐷𝑏𝑏 =
1 − 𝛾𝛾
𝛾𝛾

1 − 𝛽𝛽𝑏𝑏(1 − 𝛿𝛿) − (1 − 𝜒𝜒)(1 − 𝛿𝛿)(𝛽𝛽𝑠𝑠 − 𝛽𝛽𝑏𝑏)
(1 − ℎ𝑐𝑐)

𝑃𝑃𝐷𝐷/𝐶𝐶  (A36) 

𝐶𝐶𝑠𝑠

𝐷𝐷𝑠𝑠 =
1 − 𝛾𝛾
𝛾𝛾

1 − 𝛽𝛽𝑠𝑠(1 − 𝛿𝛿)
1 − ℎ𝑐𝑐

𝑃𝑃𝐷𝐷/𝐶𝐶 (A37) 

𝐵𝐵𝐻𝐻𝑏𝑏

𝐷𝐷𝑏𝑏 = 𝛽𝛽𝑠𝑠(1 − 𝜒𝜒)(1 − 𝛿𝛿)𝑃𝑃𝐷𝐷/𝐶𝐶 (A38) 

𝑀𝑀𝑗𝑗 ≡
1

1 + 𝜇𝜇
𝑁𝑁𝑗𝑗
𝐶̃𝐶𝑏𝑏

 
(A30) 

∑ ≡ �(1 − 𝜎𝜎)𝛾𝛾(𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑙𝑙𝑙𝑙𝐶̃𝐶) −
𝛾𝛾

1 − 𝛾𝛾� 
(A31) 
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𝐷𝐷𝑏𝑏 =

1
1 + 𝜇𝜇𝑐𝑐

𝑁𝑁

𝐶𝐶𝑏𝑏
𝐷𝐷𝑏𝑏 + (𝛿𝛿 − (1 − 𝜒𝜒)(1 − 𝛿𝛿)(𝛽𝛽𝑠𝑠 − 1))𝑃𝑃𝐷𝐷/𝐶𝐶

 (A39) 

𝐶𝐶𝑏𝑏 =
𝐶𝐶𝑏𝑏

𝐷𝐷𝑏𝑏 𝐷𝐷
𝑏𝑏  (A40) 

𝑁𝑁 = 𝑁𝑁𝐶𝐶 + 𝑁𝑁𝐷𝐷 (A41) 

𝑁𝑁𝐷𝐷 =
𝜔𝜔𝜔𝜔 𝐶𝐶

𝑠𝑠

𝐷𝐷𝑠𝑠

𝐶𝐶𝑠𝑠
𝐷𝐷𝑠𝑠 + 𝛿𝛿

𝐷𝐷𝑏𝑏 +
𝛿𝛿

𝐶𝐶𝑠𝑠
𝐷𝐷𝑠𝑠 + 𝛿𝛿

(𝑁𝑁 − 𝜔𝜔𝐶𝐶𝑏𝑏) (A42) 

𝐷𝐷𝑠𝑠 =
1

(1 − 𝜔𝜔)𝛿𝛿
(𝑁𝑁𝐷𝐷 − 𝜔𝜔𝜔𝜔𝐷𝐷𝑏𝑏) (A43) 

𝐶𝐶𝑠𝑠 =
1

1 − 𝜔𝜔
(𝑁𝑁𝑐𝑐 − 𝜔𝜔𝐶𝐶𝑏𝑏) (A44) 

𝐶𝐶 = 𝑁𝑁𝐶𝐶 = 𝑌𝑌𝐶𝐶  (A45) 

𝛿𝛿𝛿𝛿 = 𝑁𝑁𝐷𝐷 = 𝑌𝑌𝐷𝐷  

 
(A46) 
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