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Table 1. Matrices of transactions  

 



 



 



 

 

  



Table  Matrix of stocks of the US 

 Households Firms Com. 
Banks 

Government Central 
Bank 

Cash 𝐻𝑈𝑈    -𝐻𝑈𝑈 

Deposits 𝑀𝑈𝑈  -𝑀𝑈𝑈   

Loans  -𝐿𝑈𝑈 𝐿𝑈𝑈   

Reserves   𝑅𝑈𝑈  -𝑅𝑈𝑈 

Advances   -𝐴𝑈𝑈  𝐴𝑈𝑈 

Bonds US   𝐵𝐵, 𝑏𝑈𝑈𝑈𝑈  -𝐵𝐵𝑈𝑈𝑈𝑈 𝐵𝐵, 𝑐𝑏𝑈𝑈𝑈𝑈 

Bonds EZ   𝐵𝐵, 𝑏𝑈𝑈𝐸𝐸    

Bonds 
China 

  𝐵𝐵, 𝑏𝑈𝑈𝐶𝐶    

Bonds RoW   𝐵𝐵, 𝑏𝑈𝑈𝑅𝑅    

 

Exchange Rates Definition 

Since the bilateral exchange rates will be used from the beginning of the model it 
is worth starting off by defining the six bilateral exchange rates that are 
considered in the model. 
 
1 $ = E1 € = E2 ¥ = E4 # 
 
1 € = E6 # = E3 ¥ 
 
1 # = E5 ¥ 
 
Thus, the interpretation regarding appreciation or depreciation movements is 
the traditional one: 
 
If E1 goes up the euro depreciates against the dollar 
 
If E2 goes up the renmenbi depreciates against the dollar 
 
If E3 goes up the renmenbi depreciates against the euro 



 
If E4 goes up the currency of the rest of the world depreciates against the dollar 
 
If E5 goes up the renmenbi depreciates against the currency of the rest of the 
world 
 
If E6 goes up the currency of the rest of the world depreciates against the euro 
 
The model 

𝑌𝑡𝑖 = 𝐶𝑡𝑖 + 𝐼𝑡𝑖 + 𝐺𝑡𝑖 + 𝑋𝑡𝑖 − 𝐼𝑀𝑡
𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (1 – 4) 

𝐺𝑡𝑖 = 𝐺𝐺𝑡𝑖 + �1 +𝑤𝑖�.𝐺𝑡−1𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (5 – 8) 

log�𝐼𝑀𝐸𝐸
𝑈𝑈

𝑡� = 𝜇0𝑈𝑈 + 𝜇1𝑈𝑈 . log(𝑌𝑡𝑈𝑈) + 𝜇2𝑈𝑈 . log(𝐸1𝑡) +  𝜇3𝑈𝑈 . log((1/
𝐸2𝑡) . ( 1

𝐸4𝑡
))   (9) 

log�𝐼𝑀𝐶𝐶
𝑈𝑈

𝑡� = 𝜇4𝑈𝑈 + 𝜇5𝑈𝑈 . log(𝑌𝑡𝑈𝑈) + 𝜇6𝑈𝑈 . log (𝐸2𝑡) +  𝜇7𝑈𝑈 . log((1/
𝐸4𝑡) . ( 1

𝐸1𝑡
))  (10) 

log�𝐼𝑀𝑅𝑅
𝑈𝑈

𝑡� = 𝜇8𝑈𝑈 + 𝜇9𝑈𝑈 . log(𝑌𝑡𝑈𝑈) + 𝜇10𝑈𝑈 . log(𝐸4𝑡) +  𝜇11𝑈𝑈 . log((1/
𝐸2𝑡) . ( 1

𝐸1𝑡
))  (11) 

log�𝐼𝑀𝑈𝑈
𝐸𝐸

𝑡� = 𝜇0𝐸𝐸 + 𝜇1𝐸𝐸  . log(𝑌𝑡𝐸𝐸) + 𝜇2𝐸𝐸  . log � 1
𝐸1𝑡
�+  𝜇3𝐸𝐸  . log((1/

𝐸3𝑡) . ( 1
𝐸6𝑡

))   (12) 

log�𝐼𝑀𝐶𝐶
𝐸𝐸

𝑡� = 𝜇4𝐸𝐸 + 𝜇5𝐸𝐸  . log(𝑌𝑡𝐸𝐸) + 𝜇6𝐸𝐸  . log (𝐸3𝑡) + 𝜇7𝑈𝑈 . log((𝐸1) . ( 1
𝐸6𝑡

)) (13) 

log�𝐼𝑀𝑅𝑅
𝐸𝐸

𝑡� =
𝜇8𝐸𝐸 + 𝜇9𝐸𝐸  . log(𝑌𝑡𝐸𝐸) + 𝜇10𝐸𝐸  . log (𝐸6𝑡) +  𝜇11𝑈𝑈 . log((𝐸1𝑡) . ( 1

𝐸3𝑡
))  (14) 

log�𝐼𝑀𝐸𝐸
𝐶𝐶

𝑡� =
𝜇0𝐶𝐶 + 𝜇1𝐶𝐶 . log(𝑌𝑡𝐶𝐶) + 𝜇2𝐶𝐶 . log ( 1

𝐸3𝑡
) +  𝜇3𝐶𝐶 . log((𝐸2𝑡) . (𝐸5))  (15) 

log�𝐼𝑀𝑈𝑈
𝐶𝐶

𝑡� = 𝜇4𝐶𝐶 + 𝜇5𝐶𝐶 . log(𝑌𝑡𝐶𝐶) + 𝜇6𝐶𝐶 . log ( 1
𝐸2𝑡

) +  𝜇7𝐶𝐶 . log((𝐸3𝑡) . (𝐸5))(16) 

log�𝐼𝑀𝑅𝑅
𝐶𝐶

𝑡� =
𝜇8𝐶𝐶 + 𝜇9𝐶𝐶 . log(𝑌𝑡𝐶𝐶) + 𝜇10𝐶𝐶 . log ( 1

𝐸5𝑡
) +  𝜇11𝐶𝐶 . log((𝐸2𝑡) . (𝐸3)) (17) 

log�𝐼𝑀𝐸𝐸
𝑅𝑅

𝑡� =
𝜇0𝑅𝑅 + 𝜇1𝑅𝑅  . log(𝑌𝑡𝑅𝑅) + 𝜇2𝑅𝑅  . log ( 1

𝐸6𝑡
) +  𝜇3𝑅𝑅  . log((𝐸4𝑡) . (1/𝐸5)) (18) 

log�𝐼𝑀𝑈𝑈
𝑅𝑅

𝑡� =
𝜇4𝑅𝑅 + 𝜇5𝑅𝑅  . log(𝑌𝑡𝑅𝑅) + 𝜇6𝑅𝑅  . log ( 1

𝐸4𝑡
) +  𝜇7𝑅𝑅  . log((𝐸6𝑡) . (1/𝐸5)) (19) 



log�𝐼𝑀𝐶𝐶
𝑅𝑅

𝑡� =
𝜇8𝑅𝑅 + 𝜇9𝑅𝑅  . log(𝑌𝑡𝑅𝑅) + 𝜇10𝑅𝑅  . log (𝐸5𝑡) +  𝜇11𝑅𝑅  . log((𝐸4𝑡) . (𝐸6)) (20) 

𝐼𝑀𝑡
𝑈𝑈 = 𝐼𝑀𝐸𝐸

𝑈𝑈
𝑡 +  𝐼𝑀𝐶𝐶

𝑈𝑈
𝑡 + 𝐼𝑀𝑅𝑅

𝑈𝑈
𝑡   (21) 

𝐼𝑀𝑡
𝐸𝐸 = 𝐼𝑀𝑈𝑈

𝐸𝐸
𝑡 +  𝐼𝑀𝐶𝐶

𝐸𝐸
𝑡 + 𝐼𝑀𝑅𝑅

𝐸𝐸
𝑡   (22) 

𝐼𝑀𝑡
𝐶𝐶 = 𝐼𝑀𝑈𝑈

𝐶𝐶
𝑡 +  𝐼𝑀𝐸𝐸

𝐶𝐶
𝑡 + 𝐼𝑀𝑅𝑅

𝐶𝐶
𝑡   (23) 

𝐼𝑀𝑡
𝑅𝑅 = 𝐼𝑀𝑈𝑈

𝑅𝑅
𝑡 +  𝐼𝑀𝐸𝐸

𝑅𝑅
𝑡 + 𝐼𝑀𝐶𝐶

𝑅𝑅
𝑡   (24) 

𝑋𝐸𝐸𝑈𝑈𝑡 = 𝐼𝑀𝑈𝑈
𝐸𝐸

𝑡  . ( 1
𝐸1𝑡

)  (25) 

𝑋𝐶𝐶𝑈𝑈𝑡 = 𝐼𝑀𝑈𝑈
𝐶𝐶

𝑡  . (
1
𝐸2𝑡

)  (26) 

𝑋𝑅𝑅𝑈𝑈 𝑡 = 𝐼𝑀𝑈𝑈
𝑅𝑅

𝑡  . ( 1
𝐸4𝑡

)  (27) 

𝑋𝑈𝑈𝐸𝐸𝑡 = 𝐼𝑀𝐸𝐸
𝑈𝑈

𝑡  . (𝐸1𝑡)  (28) 

𝑋𝐶𝐶𝐸𝐸𝑡 = 𝐼𝑀𝐸𝐸
𝐶𝐶

𝑡  . ( 1
𝐸3𝑡

)  (29) 

𝑋𝑅𝑅𝐸𝐸 𝑡 = 𝐼𝑀𝐸𝐸
𝑅𝑅

𝑡  . ( 1
𝐸6𝑡

)  (30) 

𝑋𝑈𝑈𝐶𝐶𝑡 = 𝐼𝑀𝐶𝐶
𝑈𝑈

𝑡  . (𝐸2𝑡)  (31) 

𝑋𝐸𝐸𝐶𝐶𝑡 = 𝐼𝑀𝐶𝐶
𝐸𝐸

𝑡  . (𝐸3𝑡)  (32) 

𝑋𝑅𝑅𝐶𝐶 𝑡 = 𝐼𝑀𝐶𝐶
𝑅𝑅

𝑡  . (𝐸5𝑡)  (33) 

𝑋𝑈𝑈𝑅𝑅 𝑡 = 𝐼𝑀𝑅𝑅
𝑈𝑈

𝑡  . (𝐸4𝑡)  (34) 

𝑋𝐸𝐸𝑅𝑅 𝑡 = 𝐼𝑀𝑅𝑅
𝐸𝐸

𝑡  . (𝐸6𝑡)  (35) 

𝑋𝐶𝐶𝑅𝑅 𝑡 = 𝐼𝑀𝑅𝑅
𝐶𝐶

𝑡  . (
1
𝐸5𝑡

)  (36) 

𝑋𝑡𝑈𝑈 = 𝑋𝐸𝐸𝑈𝑈 𝑡 + 𝑋𝐶𝐶𝑈𝑈𝑡 +𝑋𝑅𝑅𝑈𝑈 𝑡   (37) 

𝑋𝑡𝐸𝐸 = 𝑋𝑈𝑈𝐸𝐸𝑡 +𝑋𝐶𝐶𝐸𝐸 𝑡 + 𝑋𝑅𝑅𝐸𝐸 𝑡   (38) 

𝑋𝑡𝐶𝐶 = 𝑋𝑈𝑈𝐶𝐶𝑡 + 𝑋𝐸𝐸𝐶𝐶𝑡 +𝑋𝑅𝑅𝐶𝐶 𝑡   (39) 

𝑋𝑡𝑅𝑅 = 𝑋𝑈𝑈𝑅𝑅 𝑡 + 𝑋𝐸𝐸𝑅𝑅𝑡 +𝑋𝐶𝐶𝑅𝑅 𝑡   (40) 

𝑅𝑡
𝑖 = 𝜓𝑖  .𝑌𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (41 – 44) 

𝑇ℎ𝑡𝑖 = 𝜃ℎ𝑖  . (𝑅𝑡
𝑖 + 𝑟𝐵𝑡−1𝑖  .𝑀𝑡−1

𝑖 +  𝑃𝑃𝑏𝑡𝑖)∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (45 – 48) 

𝑌𝐵𝑡𝑖 =  𝑅𝑡
𝑖 + 𝑟𝐵𝑡−1𝑖  .𝑀𝑡−1

𝑖 + 𝑃𝑃𝑏𝑡𝑖 −  𝑇ℎ𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (49 – 52) 

𝐶𝑡𝑖 = 𝛼1𝑖  .𝑌𝐵𝑡𝑖 + 𝛼2𝑖  .𝑉ℎ𝑡−1𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅  (53 – 56) 

∆𝑉ℎ𝑡𝑖 = 𝑌𝐵𝑡𝑖 − 𝐶𝑡𝑖 ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (57 – 60) 

𝐻𝑡𝑖 = 𝜆𝑡𝑖  .𝐶𝑡𝑖 ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (61 – 64) 

𝑀𝑡
𝑖 = 𝑉ℎ𝑡𝑖 −  𝐻𝑡𝑖 ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅  (65 – 68) 

𝑃𝑡𝑖 = 𝑌𝑡𝑖 −  𝑅𝑡
𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅  (69 – 72) 



𝐼𝐼𝐼𝑡𝑖 = 𝑟𝑟𝑡−1𝑖  .𝐿𝑡−1𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (73 – 76) 

𝑇𝑇𝑡𝑖 =  𝜃𝑇𝑖  . (𝑃𝑡𝑖 −  𝐼𝐼𝐼𝑡𝑖) ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (77 – 80) 

𝑃𝑃𝑡𝑖 =  (𝑃𝑡𝑖 −  𝐼𝐼𝐼𝑇𝑡𝑖 ) . (1 - 𝜃𝑇𝑖) ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (81 – 84) 
𝐼𝑡
𝑖

𝐾𝑡−1
𝑖 =  𝑧0𝑖 +  𝑧1𝑖  . 𝑃𝑃𝑡

𝑖

𝐾𝑡−1
𝑖 −  𝑧2𝑖  .𝑟𝑟𝑡−1

𝑖  .𝐿𝑡−1
𝑖

𝐾𝑡−1
𝑖 +  𝑧3𝑖  .𝑢𝑡−1𝑖   

 ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (85 – 88) 

𝑢𝑡𝑖 = �𝑌𝑡
𝑖

𝐾𝑡
𝑖�  . 𝑣𝑖   ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (89 – 92) 

𝐾𝑡𝑖 = �1−  𝛿𝑖�.𝐾𝑡−1𝑖 +  𝐼𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (93 – 96) 

∆𝐿𝑡𝑖 = 𝐼𝑡𝑖 −  𝑃𝑃𝑡𝑖   ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (97 – 100) 

𝑉𝑇𝑡𝑖 =  𝐾𝑡𝑖 − 𝐿𝐵𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (101 – 104) 

  𝑇𝑡𝑖 = 𝑇ℎ𝑡𝑖 +  𝑇𝑇𝑡𝑖   ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (105 – 108) 

∆𝐵𝐵𝑡𝑖 = 𝐺𝑡𝑖 − 𝑇𝑡𝑖 + 𝑟𝑡−1𝑖  .𝐵𝐵𝑡−1𝑖 − 𝑃𝑐𝑏𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (109 – 112) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑈𝑈 =

[(1− 𝜉𝐸𝐸).𝑀𝑡
𝐸𝐸] . (𝛾10𝐸𝐸  +  𝛾11𝐸𝐸  .𝑟𝑈𝑈 +  𝛾12𝐸𝐸  .𝑟𝐸𝐸 +  𝛾13𝐸𝐸  .𝑟𝐶𝐶 +

 𝛾14𝐸𝐸  .𝑟𝑅𝑅 )  (113) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝐶𝐶 = [(1−  𝜉𝐸𝐸 ).  𝑀𝑡

𝐸𝐸] . (𝛾20𝐸𝐸  + 𝛾21𝐸𝐸  . 𝑟𝑈𝑈 +  𝛾22𝐸𝐸  . 𝑟𝐸𝐸 +  𝛾23𝐸𝐸  . 𝑟𝐶𝐶 +
 𝛾24𝐸𝐸  .𝑟𝑅𝑅 )  (114) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑅𝑅 = [(1−  𝜉𝐸𝐸 ).  𝑀𝑡

𝐸𝐸] . (𝛾30𝐸𝐸  + 𝛾31𝐸𝐸  . 
𝑟𝑈𝑈 +  𝛾32𝐸𝐸  .𝑟𝐸𝐸 +  𝛾33𝐸𝐸  .𝑟𝐶𝐶 +  𝛾34𝐸𝐸  .𝑟𝑅𝑅 ) (115) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝐸𝐸 = [(1−  𝜉𝐸𝐸 ).  𝑀𝑡

𝐸𝐸]  - 𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑈𝑈  - 𝐵𝐵,𝑏𝐸𝐸𝑡

𝐶𝐶 - 𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑅𝑅    (116) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝐸𝐸 = [(1−  𝜉𝑈𝑈).  𝑀𝑡

𝑈𝑈] . (𝛾10𝑈𝑈 + 𝛾11𝑈𝑈 . 
𝑟𝑈𝑈 +  𝛾12𝑈𝑈  .𝑟𝐸𝐸 +  𝛾13𝑈𝑈  .𝑟𝐶𝐶 + 𝛾14𝑈𝑈 . 𝑟𝑅𝑅) (117) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝐶𝐶 = [(1−  𝜉𝑈𝑈).  𝑀𝑡

𝑈𝑈 ] . (𝛾20𝑈𝑈 + 𝛾21𝑈𝑈 . 
𝑟𝑈𝑈 +  𝛾22𝑈𝑈  .𝑟𝐸𝐸 +  𝛾23𝑈𝑈  .𝑟𝐶𝐶 + 𝛾24𝑈𝑈 . 𝑟𝑅𝑅) (118) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑅𝑅 = [(1−  𝜉𝑈𝑈).𝑀𝑡

𝑈𝑈] . (𝛾30𝑈𝑈 + 𝛾31𝑈𝑈 . 𝑟𝑈𝑈 + 𝛾32𝑈𝑈 . 𝑟𝐸𝐸 + 𝛾33𝑈𝑈 . 𝑟𝐶𝐶 +
 𝛾34𝑈𝑈 .𝑟𝑅𝑅 )  (119) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑈𝑈 = [(1−  𝜉𝑈𝑈).  𝑀𝑡

𝑈𝑈  ] - 𝐵𝐵, 𝑏𝑈𝑈𝑡
𝐸𝐸  - 𝐵𝐵,𝑏𝑈𝑈𝑡

𝐶𝐶 - 𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑅𝑅    (120) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝐸𝐸 = [(1−  𝜉𝐶𝐶).  𝑀𝑡

𝐶𝐶]. (𝛾10𝐶𝐶 + 𝛾11𝐶𝐶 . 
𝑟𝑈𝑈 +  𝛾12𝐶𝐶  .𝑟𝐸𝐸 +  𝛾13𝐶𝐶  .𝑟𝐶𝐶 + 𝛾14𝐶𝐶 . 𝑟𝑅𝑅 ) (121) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝑈𝑈 = [(1−  𝜉𝐶𝐶).  𝑀𝑡

𝐶𝐶]. (𝛾20𝐶𝐶 + 𝛾21𝐶𝐶 . 
𝑟𝑈𝑈 +  𝛾22𝐶𝐶  .𝑟𝐸𝐸 +  𝛾23𝐶𝐶  .𝑟𝐶𝐶 + 𝛾24𝐶𝐶 . 𝑟𝑅𝑅 ) (122) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝑅𝑅 = [(1−  𝜉𝐶𝐶).𝑀𝑡

𝐶𝐶]. (𝛾30𝐶𝐶 + 𝛾31𝐶𝐶 . 
𝑟𝑈𝑈 +  𝛾32𝐶𝐶  .𝑟𝐸𝐸 +  𝛾33𝐶𝐶  .𝑟𝐶𝐶 + 𝛾34𝐶𝐶 . 𝑟𝑅𝑅 ) (123) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝐶𝐶 = [(1−  𝜉𝐶𝐶).  𝑀𝑡

𝐶𝐶] - 𝐵𝐵, 𝑏𝐶𝐶𝑡
𝐸𝐸  - 𝐵𝐵, 𝑏𝐶𝐶𝑡

𝑈𝑈 - 𝐵𝐵, 𝑏𝐶𝐶𝑡
𝑅𝑅  (124) 



𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐸𝐸 =

[(1− 𝜉𝑅𝑅 ).  𝑀𝑡
𝑅𝑅].(𝛾10𝑅𝑅+𝛾11𝑅𝑅 .𝑟𝑈𝑈 + 𝛾12𝑅𝑅  . 𝑟𝐸𝐸 +  𝛾13𝑅𝑅  . 𝑟𝐶𝐶 +

 𝛾14𝑅𝑅  . 𝑟𝑅𝑅)  (125) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑈𝑈 =

[(1− 𝜉𝑅𝑅 ).𝑀𝑡
𝑅𝑅 ] .(𝛾20𝑅𝑅+𝛾21𝑅𝑅 .𝑟𝑈𝑈 + 𝛾22𝑅𝑅  . 𝑟𝐸𝐸 + 𝛾23𝑅𝑅  . 𝑟𝐶𝐶 +

 𝛾24𝑅𝑅  . 𝑟𝑅𝑅)  (126) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐶𝐶 =

[(1− 𝜉𝑅𝑅 ).𝑀𝑡
𝑅𝑅 ].(𝛾30𝑅𝑅+𝛾31𝑅𝑅 .𝑟𝑈𝑈 +  𝛾32𝑅𝑅  .𝑟𝐸𝐸 +  𝛾33𝑅𝑅  . 𝑟𝐶𝐶 +

 𝛾34𝑅𝑅  . 𝑟𝑅𝑅)  (127) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑅𝑅 = [(1−  𝜉𝑅𝑅 ).𝑀𝑡

𝑅𝑅] - 𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐸𝐸  - 𝐵𝐵, 𝑏𝑅𝑅𝑡

𝑈𝑈 - 𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐶𝐶  (128) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝐸𝐸 =  𝐵𝐵, 𝑏𝐸𝐸𝑡

𝐸𝐸    (129) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑈𝑈 =

𝐵𝐵 ,𝑏𝐸𝐸𝑡
𝑈𝑈

𝐸1𝑡
  (130) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝐶𝐶 =  𝐵𝐵, 𝑏𝐸𝐸𝑡

𝐶𝐶  .𝐸3𝑡   (131) 

𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑅𝑅 =  𝐵𝐵, 𝑏𝐸𝐸𝑡

𝑅𝑅  .𝐸6𝑡   (132) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑈𝑈 =  𝐵𝐵, 𝑏𝑈𝑈𝑡

𝑈𝑈   (133) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝐸𝐸 =  𝐵𝐵, 𝑏𝑈𝑈𝑡

𝐸𝐸  .𝐸1𝑡   (134) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝐶𝐶 =  𝐵𝐵, 𝑏𝑈𝑈𝑡

𝐶𝐶  .𝐸2𝑡   (135) 

𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑅𝑅 =  𝐵𝐵, 𝑏𝑈𝑈𝑡

𝑅𝑅  .𝐸4𝑡   (136) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝐶𝐶 =  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝐶𝐶   (137) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝐸𝐸 =

𝐵𝐵 ,𝑏𝐶𝐶𝑡
𝐸𝐸

𝐸3𝑡
  (138) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝑈𝑈 =

𝐵𝐵 ,𝑏𝐶𝐶𝑡
𝑈𝑈

𝐸2𝑡
  (139) 

𝐵𝐵, 𝑏𝐶𝐶𝑡
𝑅𝑅 =

𝐵𝐵 ,𝑏𝐶𝐶𝑡
𝑅𝑅

𝐸5𝑡
  (140) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑅𝑅 =  𝐵𝐵, 𝑏𝑅𝑅𝑡

𝑅𝑅   (141) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐸𝐸 =

𝐵𝐵 ,𝑏𝑅𝑅𝑡
𝐸𝐸

𝐸6𝑡
  (142) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑈𝑈 =

𝐵𝐵 ,𝑏𝑅𝑅𝑡
𝑈𝑈

𝐸4𝑡
  (143) 

𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐶𝐶 = 𝐵𝐵, 𝑏𝑅𝑅𝑡

𝐶𝐶  .𝐸5𝑡  (144) 

𝑃𝑏𝑡𝑈𝑈 = 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑏𝑈𝑈𝑡−1
𝑈𝑈 + 𝑟𝑡−1𝐸𝐸 .𝐵𝐵, 𝑏𝑈𝑈𝑡−1

𝐸𝐸 + 𝑟𝑡−1𝐶𝐶 .𝐵𝐵, 𝑏𝑈𝑈𝑡−1
𝐶𝐶 + 𝑟𝑡−1𝑅𝑅 .𝐵𝐵, 𝑏𝑈𝑈𝑡−1

𝑅𝑅 +
𝐵𝐵, 𝑏𝑈𝑈𝑡−1

𝐸𝐸 .∆� 1
𝐸1
� +𝐵𝐵, 𝑏𝑈𝑈𝑡−1

𝐶𝐶 .∆� 1
𝐸2
� +𝐵𝐵, 𝑏𝑈𝑈𝑡−1

𝑅𝑅 .∆� 1
𝐸4
� + 𝑟𝐵𝑡−1𝑈𝑈 .𝑅𝑡−1𝑈𝑈 +

𝑟𝑟𝑡−1𝑈𝑈 .𝐿𝑡−1𝑈𝑈 − 𝑟𝐵𝑡−1𝑈𝑈 .𝑀𝑡−1
𝑈𝑈 − 𝑟𝑡−1𝑈𝑈 .𝐴𝑡−1𝑈𝑈   (145) 



𝑃𝑏𝑡𝐸𝐸 = 𝑟𝑡−1𝐸𝐸 .𝐵𝐵, 𝑏𝐸𝐸𝑡−1
𝐸𝐸 + 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑏𝐸𝐸𝑡−1

𝑈𝑈 + 𝑟𝑡 −1𝐶𝐶 .𝐵𝐵, 𝑏𝐸𝐸𝑡−1
𝐶𝐶 + 𝑟𝑡−1𝑅𝑅 .𝐵𝐵, 𝑏𝐸𝐸𝑡−1

𝑅𝑅 +
𝐵𝐵, 𝑏𝐸𝐸𝑡−1

𝑈𝑈 .∆(𝐸1) + 𝐵𝐵, 𝑏𝐸𝐸𝑡−1
𝐶𝐶 .∆� 1

𝐸3
�+𝐵𝐵, 𝑏𝐸𝐸𝑡−1

𝑅𝑅 .∆ � 1
𝐸6
�+ 𝑟𝐵𝑡−1𝐸𝐸 .𝑅𝑡−1𝐸𝐸 +

𝑟𝑟𝑡−1𝐸𝐸 .𝐿𝑡−1𝐸𝐸 − 𝑟𝐵𝑡−1𝐸𝐸 .𝑀𝑡−1
𝐸𝐸 − 𝑟𝑡−1𝐸𝐸 .𝐴𝑡−1𝐸𝐸   (146) 

𝑃𝑏𝑡𝐶𝐶 = 𝑟𝑡−1𝐶𝐶 .𝐵𝐵, 𝑏𝐶𝐶𝑡−1
𝐶𝐶 + 𝑟𝑡−1𝐸𝐸 .𝐵𝐵, 𝑏𝐶𝐶𝑡−1

𝐸𝐸 + 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑏𝐶𝐶𝑡−1
𝑈𝑈 + 𝑟𝑡−1𝑅𝑅 .𝐵𝐵, 𝑏𝐶𝐶𝑡−1

𝑅𝑅 +
𝐵𝐵, 𝑏𝐶𝐶𝑡−1

𝐸𝐸 .∆(𝐸3) +𝐵𝐵, 𝑏𝐶𝐶𝑡−1
𝑈𝑈 .∆(𝐸2) +𝐵𝐵, 𝑏𝐶𝐶𝑡−1

𝑅𝑅 .∆(𝐸5) + 𝑟𝐵𝑡−1𝐶𝐶 .𝑅𝑡−1𝐶𝐶 +
𝑟𝑟𝑡−1𝐶𝐶 .𝐿𝑡−1𝐶𝐶 − 𝑟𝐵𝑡−1𝐶𝐶 .𝑀𝑡−1

𝐶𝐶 − 𝑟𝑡−1𝐶𝐶 .𝐴𝑡−1𝐶𝐶   (147) 

𝑃𝑏𝑡𝑅𝑅 = 𝑟𝑡−1𝑅𝑅 .𝐵𝐵, 𝑏𝑅𝑅𝑡−1
𝑅𝑅 + 𝑟𝑡−1𝐸𝐸 .𝐵𝐵, 𝑏𝑅𝑅𝑡−1

𝐸𝐸 + 𝑟𝑡−1𝐶𝐶 .𝐵𝐵, 𝑏𝑅𝑅𝑡−1
𝐶𝐶 + 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑏𝑅𝑅𝑡−1

𝑈𝑈 +
𝐵𝐵, 𝑏𝑅𝑅𝑡−1

𝐸𝐸 .∆(𝐸6) + 𝐵𝐵, 𝑏𝑅𝑅𝑡−1
𝐶𝐶 .∆� 1

𝐸5
�+ 𝐵𝐵, 𝑏𝑅𝑅𝑡−1

𝑈𝑈 .∆(𝐸4) + 𝑟𝐵𝑡−1𝑅𝑅 .𝑅𝑡−1𝑅𝑅 +
𝑟𝑟𝑡−1𝑅𝑅 .𝐿𝑡−1𝑅𝑅 − 𝑟𝐵𝑡−1𝑅𝑅 .𝑀𝑡−1

𝑅𝑅 − 𝑟𝑡−1𝑅𝑅 .𝐴𝑡−1𝑅𝑅   (148) 

𝐴𝑡𝐸𝐸 =  𝐵𝐵, 𝑏𝐸𝐸𝑡  
𝐸𝐸 + 𝐵𝐵, 𝑏𝐸𝐸𝑡  

𝑈𝑈 + 𝐵𝐵, 𝑏𝐸𝐸𝑡  
𝐶𝐶 + 𝐵𝐵, 𝑏𝐸𝐸𝑡  

𝑅𝑅 + 𝐿𝑡 
𝐸𝐸 + 𝑅𝑡 

𝐸𝐸 − 𝑀𝑡 
𝐸𝐸 − 𝑉𝑏𝑡 

𝐸𝐸  (149) 

𝐴𝑡𝑈𝑈 =  𝐵𝐵, 𝑏𝑈𝑈𝑡  
𝑈𝑈 +𝐵𝐵, 𝑏𝑈𝑈𝑡  

𝐸𝐸 + 𝐵𝐵, 𝑏𝑈𝑈𝑡  
𝐶𝐶 + 𝐵𝐵, 𝑏𝑈𝑈𝑡  

𝑅𝑅 + 𝐿𝑡 
𝑈𝑈 +𝑅𝑡  

𝑈𝑈 −𝑀𝑡 
𝑈𝑈 − 𝑉𝑏𝑡 

𝑈𝑈 (150) 

𝐴𝑡𝐶𝐶 =  𝐵𝐵, 𝑏𝐶𝐶𝑡  
𝐶𝐶 + 𝐵𝐵, 𝑏𝐶𝐶𝑡  

𝐸𝐸 +𝐵𝐵, 𝑏𝐶𝐶𝑡  
𝑈𝑈 +𝐵𝐵, 𝑏𝐶𝐶𝑡  

𝑅𝑅 + 𝐿𝑡 
𝐶𝐶 + 𝑅𝑡 

𝐶𝐶 − 𝑀𝑡 
𝐶𝐶 − 𝑉𝑏𝑡  

𝐶𝐶(151) 

𝐴𝑡𝑅𝑅 =  𝐵𝐵, 𝑏𝑅𝑅𝑡  
𝑅𝑅 +𝐵𝐵, 𝑏𝑅𝑅𝑡  

𝐸𝐸 +𝐵𝐵, 𝑏𝑅𝑅𝑡  
𝑈𝑈 + 𝐵𝐵, 𝑏𝑅𝑅𝑡  

𝐶𝐶 + 𝐿𝑡 
𝑅𝑅 + 𝑅𝑡 

𝑅𝑅 −𝑀𝑡 
𝑅𝑅 − 𝑉𝑏𝑡 

𝑅𝑅(152) 

∆𝑉𝑏𝑡𝑖 =  0  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (153 – 156) 
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∆𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 = ∆𝐻𝑡𝑈𝑈 + ∆𝑅𝑡𝑈𝑈 − ∆𝐴𝑡𝑈𝑈  (157) 

∆𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡
𝐸𝐸 = ∆𝐻𝑡𝐸𝐸 + ∆𝐻𝑡𝐸𝐸 − ∆𝐴𝑡𝐸𝐸  (158) 

∆𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝑈𝑈 =

�∆𝐶𝑡
𝐶𝐶+∆𝑅𝑡

𝐶𝐶−  ∆𝐴𝑡
𝐶𝐶−∆𝐵𝐵 ,𝑐𝑏𝐶𝐶𝑡

𝐶𝐶 �

𝐸2𝑡
 (159) 

∆𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑈𝑈 =

�∆𝐶𝑡
𝑅𝑅+∆𝑅𝑡

𝑅𝑅−  ∆𝐴𝑡
𝑅𝑅−∆𝐵𝐵 ,𝑐𝑏𝑅𝑅𝑡

𝑅𝑅 �

𝐸4𝑡
 (160) 

𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 = 𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡

𝑈𝑈   (161) 

𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡
𝐸𝐸 = 𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡

𝐸𝐸   (162) 

∆𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝑈𝑈 = 𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡−1

𝑈𝑈 ∆𝐸2𝑡 + ∆𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝑈𝑈 𝐸2𝑡  (163) 

∆𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑈𝑈 = 𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡−1

𝑈𝑈 ∆𝐸4𝑡 + ∆𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑈𝑈 𝐸4𝑡  (164) 

𝐸1𝑡 =
𝐵𝐵𝑡

𝐸𝐸− 𝐵𝐵 ,𝑏𝐸𝐸𝑡
𝐸𝐸 − 𝐵𝐵 ,𝑐𝑏𝐸𝐸𝑡

𝐸𝐸  − 𝐵𝐵 ,𝑏𝐶𝐶𝑡
𝐸𝐸  − 𝐵𝐵 ,𝑏𝑅𝑅𝑡

𝐸𝐸  

 𝐵𝐵 ,𝑏𝑈𝑈𝑡
𝐸𝐸              (165) 

𝐸2𝑡 = 𝐸2����             (166) 

𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝐶𝐶 = 𝐵𝐵𝑡𝐶𝐶 −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝐶𝐶 − 𝐵𝐵, 𝑏𝐸𝐸𝑡
𝐶𝐶  −  𝐵𝐵, 𝑏𝑈𝑈𝑡

𝐶𝐶 −  𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐶𝐶   (167) 

𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝐶𝐶 =  𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡

𝐶𝐶   (168) 

𝐸4𝑡 = 𝐸4����             (169) 

𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑅𝑅 = 𝐵𝐵𝑡𝑅𝑅 − 𝐵𝐵, 𝑏𝑅𝑅𝑡

𝑅𝑅 − 𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑅𝑅  −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝑅𝑅 −  𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑅𝑅   (170) 

𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑅𝑅 =  𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡

𝑅𝑅   (171) 



𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 = 𝐵𝐵𝑡𝑈𝑈 − 𝐵𝐵, 𝑏𝑈𝑈𝑡

𝑈𝑈 −  𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑈𝑈  −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝑈𝑈 −  𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑈𝑈 −  𝑅𝑅𝐵𝑅𝑟𝑣𝑅𝐵𝑡   (172) 

 

𝑅𝑅𝐵𝑅𝑟𝑣𝑅𝐵𝑡 = 𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡
𝑈𝑈 +  𝐵𝐵,𝑐𝑏𝐶𝐶𝑡

𝑈𝑈 +  𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑈𝑈   

𝐸3𝑡 =  𝐸2𝑡
𝐸1𝑡

  (173) 

𝐸5𝑡 =  𝐸2𝑡
𝐸4𝑡

  (174) 

𝐸6𝑡 =  𝐸4𝑡
𝐸1𝑡

  (175) 

𝑅𝑡𝑖 =  𝜉𝑖  .𝑀𝑡
𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (176 – 179) 

𝑃𝑐𝑏𝑡𝑈𝑈 = 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡−1
𝑈𝑈 − 𝑟𝐵𝑡−1𝑈𝑈 .𝑅𝐵𝑡−1𝑈𝑈 + 𝑟𝑡−1𝑈𝑈 .𝐴𝑡−1𝑈𝑈  (180) 

𝑃𝑐𝑏𝑡𝐸𝐸 = 𝑟𝑡 −1𝐸𝐸 .𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡−1
𝐸𝐸 + 𝑟𝑡 −1𝑈𝑈 .𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡−1

𝑈𝑈 + 𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡−1
𝑈𝑈 .∆(𝐸1)− 𝑟𝐵𝑡−1𝐸𝐸 .𝑅𝑡−1𝐸𝐸 +

𝑟𝑡−1𝐸𝐸 .𝐴𝑡−1𝐸𝐸   (181) 

𝑃𝑐𝑏𝑡𝐶𝐶 = 𝑟𝑡−1𝐶𝐶 .𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡−1
𝐶𝐶 + 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡−1

𝑈𝑈 + 𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡−1
𝑈𝑈 .∆(𝐸2)− 𝑟𝐵𝑡−1𝐶𝐶 .𝑅𝑡−1𝐶𝐶 +

𝑟𝑡−1𝐶𝐶 .𝐴𝑡−1𝐶𝐶   (182) 

𝑃𝑐𝑏𝑡𝑅𝑅 = 𝑟𝑡−1𝑅𝑅 .𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡−1
𝑅𝑅 + 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡−1

𝑈𝑈 +𝐵𝐵,𝑐𝑏𝑅𝑅𝑡−1
𝑈𝑈 .∆(𝐸4)− 𝑟𝐵𝑡−1𝑅𝑅 .𝑅𝑡−1𝑅𝑅 +

𝑟𝑡−1𝑅𝑅 .𝐴𝑡−1𝑅𝑅   (183) 

𝑟𝑟𝑡𝑖 =  𝑟𝐵𝑡𝑖 =  𝑟𝑟𝑡𝑖 =  𝑟𝐵𝑡𝑖 = 𝑟𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (184 – 199) 
 
Central Bank with flexible exchange rates 
 

𝐸2𝑡 =
𝐵𝐵𝑡

𝐶𝐶 − 𝐵𝐵 ,𝑏𝐶𝐶𝑡
𝐶𝐶 − 𝐵𝐵 ,𝑐𝑏𝐶𝐶𝑡

𝐶𝐶  − 𝐵𝐵 ,𝑏𝐸𝐸𝑡
𝐶𝐶  − 𝐵𝐵 ,𝑏𝑅𝑅𝑡

𝐶𝐶  

 𝐵𝐵 ,𝑏𝑈𝑈𝑡
𝐶𝐶              (166a) 

𝐸4𝑡 =
𝐵𝐵𝑡

𝑅𝑅− 𝐵𝐵 ,𝑏𝑅𝑅𝑡
𝑅𝑅 − 𝐵𝐵 ,𝑐𝑏𝑅𝑅𝑡

𝑅𝑅  − 𝐵𝐵 ,𝑏𝐸𝐸𝑡
𝑅𝑅  − 𝐵𝐵 ,𝑏𝐶𝐶𝑡

𝑅𝑅

 𝐵𝐵 ,𝑏𝑈𝑈𝑡
𝐸𝐸              (169a) 

𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝑈𝑈 = 𝐵𝐵, 𝑐𝑏𝐶𝐶𝑈𝑈�����������  (159a) 

𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑈𝑈 = 𝐵𝐵, 𝑐𝑏𝑅𝑅𝑈𝑈�����������  (160a) 

∆𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝐶𝐶 = ∆𝐻𝐵, ℎ𝐶𝐶𝑡

𝐶𝐶 + ∆𝑅𝐵, ℎ𝐶𝐶𝑡
𝐶𝐶 −  ∆𝐴𝐵𝑡𝐶𝐶 (167a) 

∆𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑅𝑅 = ∆𝐻𝐵, ℎ𝑅𝑅𝑡

𝑅𝑅 + ∆𝑅𝐵, ℎ𝑅𝑅𝑡
𝑅𝑅 −  ∆𝐴𝐵𝑡𝑅𝑅  (170a) 

 
The SDR model   
 

∆𝑈𝑃𝑅,𝐵𝑡𝐶𝐶 = ∆𝐻𝑡𝐶𝐶 + ∆𝑅𝑡𝐶𝐶 −  ∆𝐴𝑡𝐶𝐶 − ∆𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝐶𝐶  (159b) 

∆𝑈𝑃𝑅,𝐵𝑡𝑅𝑅 = ∆𝐻𝑡𝑅𝑅 + ∆𝑅𝑡𝑅𝑅 −  ∆𝐴𝑡𝑅𝑅 − ∆𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑅𝑅  (160b) 

𝑈𝑃𝑅, 𝐵𝑡𝐶𝐶 = 𝑈𝑃𝑅 ,𝐵𝑡
𝐶𝐶

𝐸9𝑡
  (163b) 



𝑈𝑃𝑅, 𝐵𝑡𝑅𝑅 = 𝑈𝑃𝑅 ,𝐵𝑡
𝑅𝑅

𝐸10𝑡
  (164b) 

𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 = 𝐵𝐵𝑡𝑈𝑈 − 𝐵𝐵, 𝑏𝑈𝑈𝑡

𝑈𝑈 −  𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑈𝑈  −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝑈𝑈 −  𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑈𝑈 −  𝑅𝑅𝐵𝑅𝑟𝑣𝑅𝐵𝑡 −

 𝐵𝐵𝐼𝐼𝐼𝑡
𝑈𝑈    (172b) 

𝐸7𝑡 = 0.5 𝐸1𝑡 + 0.5  (200b) 

𝐸8𝑡 = 𝐸1𝑡
𝐸7𝑡

  (201b) 

𝐸9𝑡 = 𝐸2𝑡
𝐸7𝑡

    (202b) 

𝐸10𝑡 = 𝐸4𝑡
𝐸7𝑡

   (203b) 

𝑃𝑐𝑏𝑡𝑈𝑈 = 𝑟𝑡−1𝑈𝑈 .𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡−1
𝑈𝑈 − 𝑟𝐵𝑡−1𝑈𝑈 .𝑅𝑡−1𝑈𝑈 + 𝑟𝑡−1𝑈𝑈 .𝐴𝑡−1𝑈𝑈 + 𝑟𝑡−1𝑈𝑃𝑅 . 𝑈𝑃𝑅𝑡−1𝑈𝑈 +

𝑈𝑃𝑅𝑡−1𝑈𝑈 .∆� 1
𝐸7𝑡
�  (180b) 

𝑃𝑐𝑏𝑡𝐸𝐸 = 𝑟𝑡 −1𝐸𝐸 .𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡−1
𝐸𝐸 − 𝑟𝐵𝑡−1𝐸𝐸 .𝑅𝑡−1𝐸𝐸 + 𝑟𝑡−1𝐸𝐸 .𝐴𝑡−1𝐸𝐸 + 𝑟𝑡−1𝑈𝑃𝑅 . 𝑈𝑃𝑅𝑡−1𝐸𝐸 +

𝑈𝑃𝑅𝑡−1𝐸𝐸 .∆𝐸8𝑡   (181b) 

𝑃𝑐𝑏𝑡𝐶𝐶 = 𝑟𝑡−1𝐶𝐶 .𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡−1
𝐶𝐶 − 𝑟𝐵𝑡−1𝐶𝐶 .𝑅𝑡−1𝐶𝐶 + 𝑟𝑡−1𝐶𝐶 .𝐴𝑡−1𝐶𝐶 + 𝑟𝑡 −1𝑈𝑃𝑅 . 𝑈𝑃𝑅𝑡−1𝐶𝐶 +

𝑈𝑃𝑅𝑡−1𝐶𝐶 .∆𝐸9𝑡   (182b) 

𝑃𝑐𝑏𝑡𝑅𝑅 = 𝑟𝑡−1𝑅𝑅 .𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡−1
𝑅𝑅 − 𝑟𝐵𝑡−1𝑅𝑅 .𝑅𝑡−1𝑅𝑅 + 𝑟𝑡−1𝑅𝑅 .𝐴𝑡−1𝑅𝑅 + 𝑟𝑡−1𝑈𝑃𝑅 .𝑈𝑃𝑅𝑡−1𝑅𝑅 +

𝑈𝑃𝑅𝑡−1𝑅𝑅 .∆𝐸10𝑡  (183b)  

𝑈𝑃𝑅, 𝐵𝑡 = 𝑈𝑃𝑅, 𝐵𝑡𝑈𝑈 + 𝑈𝑃𝑅, 𝐵𝑡𝐸𝐸 + 𝑈𝑃𝑅, 𝐵𝑡𝐶𝐶 + 𝑈𝑃𝑅, 𝐵𝑡𝑅𝑅  (204b) 

𝑃𝑡𝐼𝐼𝐼 = 𝑟𝑡−1𝑈𝑈 .𝐵𝐵𝐼𝐼𝐼𝑡−1
𝑈𝑈 − 𝑟𝑡−1𝑈𝑃𝑅 . 𝑈𝑃𝑅, 𝐵𝑡 + 𝐵𝐵𝐼𝐼𝐼𝑡

𝑈𝑈 .∆𝐸7𝑡 (205b) 

∆𝑉𝑡𝐼𝐼𝐼 = 𝑃𝑡𝐼𝐼𝐼   (206b) 

𝐵𝐵𝐼𝐼𝐼𝑡
𝑈𝑈 = 𝑈𝑃𝑅, 𝐵𝑡 + 𝑉𝑡𝐼𝐼𝐼   (207b) 

𝐵𝐵𝐼𝐼𝐼𝑡
𝑈𝑈 =

𝐵𝐵𝐼𝐼𝐼𝑡
𝑈𝑈

𝐸7𝑡
  (208b) 

 
  



The Bancor model 
Matrices of transactions 

 

 
 
 



 
 



 
 



 
  



𝐸7𝑡 = 𝐸7����  (200c) 

𝐸8𝑡 = 𝐸8����  (201c) 

𝐸9𝑡 = 𝐸9����  (202c) 

𝐸10𝑡 = 𝐸10�����  (203c) 

𝐸1𝑡 = 𝐸8𝑡
𝐸7𝑡

  (165c) 

𝐸2𝑡 = 𝐸9𝑡
𝐸7𝑡

  (166c) 

𝐸3𝑡 = 𝐸9𝑡
𝐸8𝑡

  (173c) 

𝐸4𝑡 = 𝐸10𝑡
𝐸7𝑡

  (169c) 

𝐸5𝑡 = 𝐸10𝑡
𝐸9𝑡

  (174c) 

𝐸6𝑡 = 𝐸10𝑡
𝐸8𝑡

  (175c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑈𝑈 =
�∆𝐶𝑡

𝑈𝑈+∆𝑅𝑡
𝑈𝑈− ∆𝐴𝑡

𝑈𝑈−∆𝐵𝐵 ,𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 �

𝐸7𝑡
 (204c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐸𝐸 =
�∆𝐶𝑡

𝐸𝐸+∆𝑅𝑡
𝐸𝐸− ∆𝐴𝑡

𝐸𝐸−∆𝐵𝐵 ,𝑐𝑏𝐸𝐸𝑡
𝐸𝐸 �

𝐸8𝑡
 (205c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐶𝐶 =
�∆𝐶𝑡

𝐶𝐶+∆𝑅𝑡
𝐶𝐶−  ∆𝐴𝑡

𝐶𝐶−∆𝐵𝐵 ,𝑐𝑏𝐶𝐶𝑡
𝐶𝐶 �

𝐸9𝑡
 (206c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑅𝑅 =
�∆𝐶𝑡

𝑅𝑅+∆𝑅𝑡
𝑅𝑅−  ∆𝐴𝑡

𝑅𝑅−∆𝐵𝐵 ,𝑐𝑏𝑅𝑅𝑡
𝑅𝑅 �

𝐸10𝑡
 (207c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑈𝑈 = 𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝑈𝑈 .∆𝐸7𝑡 + ∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑈𝑈 .𝐸7𝑡  (208c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐸𝐸 = 𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝐸𝐸 .∆𝐸8𝑡 + ∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐸𝐸 .𝐸8𝑡  (209c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐶𝐶 = 𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝐶𝐶 .∆𝐸9𝑡 + ∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐶𝐶 .𝐸9𝑡  (210c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑅𝑅 = 𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝑅𝑅 .∆𝐸10𝑡 + ∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑅𝑅 .𝐸10𝑡 (211c) 

𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝑈𝑈 = 0  (159c) 

𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑈𝑈 = 0  (160c) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑈𝑈 + ∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐸𝐸 + ∆𝐵𝐵𝐼𝑐𝐺𝑟, 𝐵𝑡𝐶𝐶 + ∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑅𝑅 = ∆𝑉𝑡𝐼𝐶𝑈 = 0 (212c) 

𝐵𝐵, 𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 = 𝐵𝐵𝑡𝑈𝑈 − 𝐵𝐵, 𝑏𝑈𝑈𝑡

𝑈𝑈 −  𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑈𝑈  −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝑈𝑈 −  𝐵𝐵, 𝑏𝑅𝑅𝑡
𝑈𝑈  (172c) 

𝐵𝐵, 𝑐𝑏𝐸𝐸𝑡
𝐸𝐸 = 𝐵𝐵𝑡𝐸𝐸 −  𝐵𝐵, 𝑏𝐸𝐸𝑡

𝐸𝐸 −  𝐵𝐵, 𝑏𝑈𝑈𝑡
𝐸𝐸  −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝐸𝐸 −  𝐵𝐵,𝑏𝑅𝑅𝑡
𝐸𝐸  (158c) 

𝐵𝐵, 𝑐𝑏𝐶𝐶𝑡
𝐶𝐶 = 𝐵𝐵𝑡𝐶𝐶 −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝐶𝐶 −  𝐵𝐵, 𝑏𝐸𝐸𝑡
𝐶𝐶  −  𝐵𝐵, 𝑏𝑈𝑈𝑡

𝐶𝐶 −  𝐵𝐵, 𝑏𝑅𝑅𝑡
𝐶𝐶  (167c) 

𝐵𝐵, 𝑐𝑏𝑅𝑅𝑡
𝑅𝑅 = 𝐵𝐵𝑡𝑅𝑅 − 𝐵𝐵, 𝑏𝑅𝑅𝑡

𝑅𝑅 − 𝐵𝐵, 𝑏𝐸𝐸𝑡
𝑅𝑅  −  𝐵𝐵, 𝑏𝐶𝐶𝑡

𝑅𝑅 −  𝐵𝐵, 𝑏𝑈𝑈𝑡
𝑅𝑅  (170c) 

𝑃𝑡𝐼𝐶𝑈 = �𝑟𝑡−1𝑏 .𝐵𝐵𝐼𝑐𝐺𝑟, 𝐵𝑡−1𝑈𝑈 � + �𝑟𝑡−1𝑏 .𝐵𝐵𝐼𝑐𝐺𝑟, 𝐵𝑡−1𝐸𝐸 � + �𝑟𝑡 −1𝑏 .𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝐶𝐶 � +
�𝑟𝑡−1𝑏 .𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝑅𝑅 �  (213d) 

𝐴𝑖𝐵, 𝐵𝑡𝐼𝐶𝑈 = 𝑃𝑡
𝐼𝐶𝑈

𝜎
  (214d) 



𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝑈𝑈 = �

𝐴𝑖𝐵, 𝐵𝑡𝐼𝐶𝑈        𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝑈𝑈 ≤ 𝜖

0                     𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝑈𝑈 > 𝜖

 (215d) 

𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝐸𝐸 = �

𝐴𝑖𝐵, 𝐵𝑡𝐼𝐶𝑈        𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝐸𝐸 ≤ 𝜖

0                     𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝐸𝐸 > 𝜖

 (216d) 

𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝐶𝐶 = �

𝐴𝑖𝐵, 𝐵𝑡𝐼𝐶𝑈        𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝐶𝐻 ≤ 𝜖

0                     𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝐶𝐻 > 𝜖

 (217d) 

𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝑅𝑅 = �

𝐴𝑖𝐵, 𝐵𝑡𝐼𝐶𝑈        𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝑅𝑅 ≤ 𝜖

0                     𝑖𝑇 𝐵𝐵𝐼𝑐𝐺𝑟 , 𝐵𝐼−1
𝑅𝑅 > 𝜖

 (218d) 

𝐴𝑖𝐵, 𝑟𝑡𝑈𝑈 = 𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝑈𝑈 .𝐸7𝑡   (219d) 

𝐴𝑖𝐵, 𝑟𝑡𝐸𝐸 = 𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝐸𝐸 .𝐸8𝑡  (220d) 

𝐴𝑖𝐵, 𝑟𝑡𝐶𝐶 = 𝐴𝑖𝐵,𝐵𝐼𝐶𝑈𝑡
𝐶𝐶 .𝐸9𝑡   (221d) 

𝐴𝑖𝐵, 𝑟𝑡𝑅𝑅 = 𝐴𝑖𝐵, 𝐵𝐼𝐶𝑈𝑡
𝑅𝑅 .𝐸10𝑡   (222d) 

𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑈𝑈 =
�∆𝐶𝑡

𝑈𝑈+∆𝑅𝑡
𝑈𝑈 − ∆𝐴𝑡

𝑈𝑈−∆𝐵𝐵 ,𝑐𝑏𝑈𝑈𝑡
𝑈𝑈 −�𝑟𝑡−1

𝑏 .𝐵𝐵𝐵𝑐𝐵𝑟 ,𝐵𝑡−1
𝑈𝑈 �+𝐴𝑖𝐵 ,𝑟𝑡

𝑈𝑈 �

𝐸7𝑡
 (204d) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐸𝐸 =
�∆𝐶𝑡

𝐸𝐸+∆𝑅𝑡
𝐸𝐸− ∆𝐴𝑡

𝐸𝐸−∆𝐵𝐵 ,𝑐𝑏𝐸𝐸𝑡
𝐸𝐸 −�𝑟𝑡−1

𝑏 .𝐵𝐵𝐵𝑐𝐵𝑟 ,𝐵𝑡−1
𝐸𝐸 �+𝐴𝑖𝐵 ,𝑟𝑡

𝐸𝐸 �

𝐸8𝑡
 (205d) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝐶𝐶 =
�∆𝐶𝑡

𝐶𝐶+∆𝑅𝑡
𝐶𝐶−  ∆𝐴𝑡

𝐶𝐶−∆𝐵𝐵 ,𝑐𝑏𝐶𝐶𝑡
𝐶𝐶 −�𝑟𝑡−1

𝑏 .𝐵𝐵𝐵𝑐𝐵𝑟 ,𝐵𝑡−1
𝐶𝐶 �+𝐴𝑖𝐵 ,𝑟𝑡

𝐶𝐶�

𝐸9𝑡
 (206d) 

∆𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡𝑅𝑅 =
�∆𝐶𝑡

𝑅𝑅+∆𝑅𝑡
𝑅𝑅−  ∆𝐴𝑡

𝑅𝑅−∆𝐵𝐵 ,𝑐𝑏𝑅𝑅𝑡
𝑅𝑅 −�𝑟𝑡−1

𝑏 .𝐵𝐵𝐵𝑐𝐵𝑟 ,𝐵𝑡−1
𝑅𝑅�+𝐴𝑖𝐵 ,𝑟𝑡

𝑅𝑅�

𝐸10𝑡
 (207d) 

𝐺𝑡𝑖 = 𝐺𝐺𝑡𝑖 + �1 +𝑤𝑖�.𝐺𝑡−1𝑖 + 𝐺𝐺𝑡𝑖  ∀ 𝑖 = 𝑈𝑈,𝐸𝐸,𝐶𝐻,𝑅𝑅 (5d – 8d) 

𝐺𝐺𝑡𝑖 = �
𝜒𝑖 . 𝑟𝑏𝑡−1.𝐵𝐵𝐼𝑐𝐺𝑟𝑡−1𝑖      𝑖𝑇    𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝑖 > 0 ∧  𝐶𝐴𝑡−1

𝑖

𝑌𝑡−1
𝑖 > 0

0                                         𝑖𝑇    𝐵𝐵𝐼𝑐𝐺𝑟,𝐵𝑡−1𝑖 ≤ 0 ∧  𝐶𝐴𝑡−1
𝑖

𝑌𝑡−1
𝑖 ≤ 0

 (223d-226d) 

 
Fixed but adjustable exchange rates 
 

𝐸7𝑡 = �
𝐸7𝑡−1                          𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖

𝑈𝑈

𝑌𝑡−𝑖
𝑈𝑈

5
𝑖=1 ≥ 𝜆

𝐸7𝑡−1. (1 + 𝜅)        𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖
𝑈𝑈

𝑌𝑡−𝑖
𝑈𝑈

5
𝑖=1 < 𝜆

         (200c) 

𝐸8𝑡 = �
𝐸8𝑡−1                          𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖

𝐸𝐸

𝑌𝑡−𝑖
𝐸𝐸

5
𝑖=1 ≥ 𝜆

𝐸8𝑡−1. (1 + 𝜅)        𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖
𝐸𝐸

𝑌𝑡−𝑖
𝐸𝐸

5
𝑖=1 < 𝜆

  (201c) 

𝐸9𝑡 = �
𝐸9𝑡−1                          𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖

𝐶𝐶

𝑌𝑡−𝑖
𝐶𝐶

5
𝑖=1 ≥ 𝜆

𝐸9𝑡−1. (1 + 𝜅)        𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖
𝐶𝐶

𝑌𝑡−𝑖
𝐶𝐶

5
𝑖=1 < 𝜆

   (202c) 



𝐸10𝑡 = �
𝐸10𝑡−1                         𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖

𝑅𝑅

𝑌𝑡−𝑖
𝑅𝑅

5
𝑖=1 ≥ 𝜆

𝐸10𝑡−1. (1 + 𝜅)        𝑖𝑇 ∑ 𝐶𝐴𝑡−𝑖
𝑅𝑅

𝑌𝑡−𝑖
𝑅𝑅

5
𝑖=1 < 𝜆

  (203c) 

 


