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Equations

GDP gap - production side

ŷt = wy,agr · ŷagrt + wy,mine · ŷmine
t + (1 − wy,agr − wy,mine) · ŷcoret + σ · εŷt (1)

ŷagrt = ρŷ
agr · ŷagrt−1 + ε

ˆyagr

t · σ (2)

ŷmine
t = ρŷ

mine · ŷmine
t−1 + (1 − ρŷ

mine

) · (ψ1 · ŷFD
t + ψ2 · r̂pCommodity

t ) + ε
ˆymine

t · σ (3)

GDP gap - demand side

ŷt = wy,c · ĉt + wy,inv · ˆinvt + wy,gov · ˆgovt + wy,ex · êxt − wy,im · ˆimt + ε
ˆycore

t · σ (4)

d̂t = (wy,c · ĉt + wy,inv · ˆinvt + wy,gov · ˆgovt)/(w
y,c + wy,inv + wy,gov) + εd̂t · σ (5)

ĉt = α1 · ĉt−1 + (1 − α1) · ĉt+1 − α2 · r̂t + α3 · ˆinct + α4 · ŷagrt + εĉt · σ (6)

ˆinvt = β1 · ˆinvt−1 + (1 − β1) · ˆinvt+1 + β2 ·Qt + ε
ˆinv

t · σ (7)

Qt = β3 ·Qt+1 + β4 · ŷt + β5 · r̂pCommodity
t − β6 · r̂t (8)

ˆgovt = ρ ˆgov · ˆgovt−1 + ε ˆgov
t · σ (9)

εĉt = εĉt (10)

ε
ˆinv

t = ε
ˆinv

t (11)

êxt = (1 − wex,mine) · ˆexnon−mine
t + wex,mine · ˆexmine

t (12)

ˆexnon−mine
t = γ1 · ˆexnon−mine

t−1 + γ2 · ˆexnon−mine
e

t + γ3 · ẑt + γ4 · ŷmine
t−1 + γ5 · ŷFD

t + ε
ˆexnon−mine

t · σ (13)
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ˆexmine
t = ρêx

mine · ˆexmine
t−1 + (1 − ρêx

mine

) · (γ7 · ẑt + γ8 · ŷmine
t + γ9 · r̂pCommodity

t ) + ε
ˆexmine

t · σ (14)

ˆimt = wim,c · ˆimc
t + wim,inv · ˆiminv

t + (1 − wim,c − wim,inv) · ˆimex
t + ε

ˆim
t · σ (15)

ˆimc
t = γ10 · ˆimc

t−1 + γ11 · ˆimc
t+1 + γ12 · (ĉt − γ13 · ẑt) (16)

ˆiminv
t = γ14 · ˆiminv

t−1 + γ15 · ˆiminv
t+1 + γ16 · ˆinvt (17)

ˆimex
t = γ17 · ˆimex

t−1 + γ18 · ˆimex
t+1 + γ19 · êxt (18)

GDP trend - production side

∆ȳt = wy,agr · ∆ȳagrt + wy,mine · ∆ȳmine
t + (1 − wy,agr − wy,mine) · ∆ȳcoret + ε∆ȳ

t · σ (19)

∆ȳagrt = ρ∆ȳagr · ∆ȳagrt−1 + (1 − ρ∆ȳagr

) · ss∆ȳagr

+ ε∆ ¯yagr

t · σ (20)

∆ȳmine
t = ρ∆ȳmine · ∆ȳmine

t−1 + (1 − ρ∆ȳmine

) · (ss∆ȳmine

+ ω10 · (∆ ¯exmine
t − ss∆ēxmine

)) + ε∆ ¯ymine

t · σ (21)

GDP trend - demand side

∆ȳt = wy,c · ∆c̄t + wy,inv · ∆ ¯invt + wy,gov · ∆ ¯govt + wy,ex · ∆ēxt − wy,im · ∆ ¯imt + ε∆ ¯ycore

t · σ (22)

∆d̄t = (wy,c · ∆c̄t + wy,inv · ∆ ¯invt + wy,gov · ∆ ¯govt)/(w
y,c + wy,inv + wy,gov) + ε∆d̄

t · σ (23)

∆c̄t = ρ∆c̄ · ∆c̄t−1 + (1 − ρ∆c̄) · (ss∆c̄ − ω1 · (r̄t − ssr̄) + ω2 · (∆ ¯emptotalt + ∆w̄total
t − ss∆ ¯emptotal − ss∆w̄total

)) + ε∆c̄
t · σ (24)

∆ ¯invt = ρ∆ ¯inv · ∆ ¯invt−1 + (1 − ρ∆ ¯inv) · (ss∆ ¯inv − ω3 · (r̄t − ssr̄) + ω4 · (∆ȳt − ss∆ȳ)) + ε∆ ¯inv
t · σ (25)

∆ ¯govt = ρ∆ ¯gov · ∆ ¯govt−1 + (1 − ρ∆ ¯gov) · (ss∆ ¯gov) + ε∆ ¯gov
t · σ (26)

∆ēxt = wex,mine · ∆ ¯exmine
t + (1 − wex,mine) · ∆ ¯exnon−mine

t (27)
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∆ ¯exmine
t = ρ∆ēxmine · ∆ ¯exmine

t−1 + (1 − ρ∆ēxmine

) · (ss∆ēxmine

+ ω5 · (∆ȳmine
t − ss∆ȳmine

) + ω6 · ∆r̄pCommodity
t ) + ε∆ ¯exmine

t · σ (28)

∆ ¯exnon−mine
t = ρ∆ēxnon−mine · ∆ ¯exnon−mine

t−1 + (1 − ρ∆ēxnon−mine

) · (ss∆ēxn,mine

+ ω7 · (∆z̄t − ss∆z̄) + ω8 · (∆ȳFD
t − ss∆ȳFD

) − ω9 ·
(∆ ¯exmine

t − ss∆ēxmine

)) + ε
¯∆exnon−mine

t · σ
(29)

∆ ¯imt = ρ∆ ¯im · ∆ ¯imt−1 + (1 − ρ∆ ¯im) · (wim,c · ∆c̄t + wim,inv · ∆ ¯invt + (1 − wim,c − wim,inv) · ∆ ¯imex
t) + ε∆ ¯im

t · σ (30)

∆ ¯imex
t = ρ∆ ¯im,ex · ∆ ¯imex

t−1 + (1 − ρ∆ ¯im,ex) · ∆ēxt (31)

In�ation block

∆cpit = ν1 · ∆cpit−1 + (1 − ν1 − ν2) · ∆cpit+1 + ν2 · ∆cpiFt + ν3 · (ν4 · ĉt + (1 − ν4) · ẑt) + ν5 · r̂pFood
t + ν6 · r̂pFuel

t + ε∆cpi
t · σ (32)

∆ ˆcpit = ∆cpit − tart (33)

tart = ρtar · tart−1 + (1 − ρtar) · sstar + εtart · σ (34)

r̂pFuel
t = ν7 · r̂pFuel

t−1 + (1 − ν7) · ν8 · (ẑt + ν9 · r̂pOil
t + (1 − ν9) · r̂pOil

t−1) (35)

Taylor rule based policy rate

ipolt = ρi
pol · ipolt−1 + (1 − ρi

pol

) · (r̄t + tart + θ1 · (∆4cpi
e
t − taret ) + θ2 · ŷcoret + θ3 · (∆s

e,MNT/USD
t − ∆s̄

e,MNT/USD
t )) + εi

pol

t · σ (36)

iuipt = ∆̃s
MNT/USD,fix
t+1 + iUS

t + Premt (37)

iefft = (1 − wFX) · ipolt + wFX · iuipt (38)

r̂t = iefft − ∆cpiet − r̄t (39)

ˆipolt = ipolt − r̄t − tart (40)

Nominal exchange rate and UIP
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∆̃s
MNT/USD,fix
t = 4 · (s

MNT/USD,fix
t − s

MNT/USD
t−1 ) (41)

∆̃s
MNT/USD,float
t = 4 · (s

MNT/USD,float
t − s

MNT/USD
t−1 ) (42)

∆̃s
MNT/USD,fix
t /4 = (θ4 · ∆s

MNT/USD
t−1 /4 + (1 − θ4) · ∆s̄

MNT/USD
t /4) + θ5 · (−ẑt−1) (43)

∆̃s
MNT/USD,float
t /4 = θ6·(∆̃sMNT/USD,float

t+1 /4+∆s
MNT/USD
t+1 /4)+(1−θ6)·(2/4·∆s̄MNT/USD

t )−ipolt /4+iUS
t /4+Premt/4+σ·ε∆sMNT/USD

t /4 (44)

∆s
MNT/USD
t = wFX · ∆̃s

MNT/USD,fix
t + (1 − wFX) · ∆̃s

MNT/USD,float
t (45)

∆s̄
MNT/USD
t = ∆z̄t + tart− (wCN,CPI · (−ss∆sCNY/USD

+ ss∆cpiCN

) +wEU,CPI · (−ss∆sEUR/USD

+ ss∆cpiEU

) + (1−wCN,CPI −wEU,CPI) ·
ss∆cpiUS

)

(46)

r̄t = r̄US
t + Premt + ∆z̄t + wCN,CPI · (−ss∆sCNY/USD

+ ss∆cpiUS − ss∆cpiCN

) + wEU,CPI · (−ss∆sEUR/USD

+ ss∆cpiUS − ss∆cpiEU

) (47)

Premt = ρprem · Premt−1 + (1 − ρprem) · (ssprem − θ7 · (pbyt − ss
¯pby) − θ8 · (∆ȳt − ss∆ȳ)) + εpremt · σ (48)

Real Exchange Rate

∆z̄t = ρ∆z̄ · ∆z̄t−1 + (1 − ρ∆z̄) · (ss∆z̄ − θ9 · ∆r̄pCommodity
t ) + ε∆z̄

t · σ (49)

∆zt = ∆s
MNT/USD
t + ∆cpiF,USD

t − ∆cpit (50)

Fiscal policy

pbyyearlyt = (pbyt + pbyt−1 + pbyt−2 + pbyt−3)/4 (51)

ˆpbyt = ρ
ˆpby · ˆpbyt−1 + (1 − ρ

ˆpby) · (µ1 · ĉt + µ2 · ˆinct + µ3 · (r̂pCommodity
t + ŷmine

t ) − µ4 · ˆgovt) + εp̂bt · σ (52)

¯pbyt = ρ
¯pby · ¯pbyt−1 + (1 − ρ

¯pby) · (ss
¯pby + µ5 · ∆r̄pCommodity

t ) + ε
¯pby

t · σ (53)

Labor market block



29-Jan-2017 22:39:33 Technical appendix: Equations, variables, parameters 6

ˆinct = ˆemptotalt + ŵtotal
t (54)

emptotal,yearlyt = (emptotalt + emptotalt−1 + emptotalt−2 + emptotalt−3 )/4 (55)

ˆemptotalt = wemp,agr · ˆempagrt + wemp,mine · ˆempmine
t + (1 − wemp,agr − wemp,mine) · ˆempcoret + ε ˆemptotal

t · σ (56)

∆ ¯emptotalt = wemp,agr · ∆ ¯empagrt + wemp,mine · ∆ ¯empmine
t + (1 − wemp,agr − wemp,mine) · ∆ ¯empcoret + ε∆ ¯emptotal

t · σ (57)

empcore,yearlyt = (empcoret + empcoret−1 + empcoret−2 + empcoret−3 )/4 (58)

ˆempcoret = ρ ˆempcore · ˆempcoret−1 + (1 − ρ ˆempcore

) · ζ1 · ŷcoret + ε ˆempcore

t · σ (59)

∆ ¯empcoret = ρ∆ ¯empcore · ∆ ¯empcoret−1 + (1 − ρ∆ ¯empcore

) · ζ2 · ∆ȳcoret−1 + ε∆ ¯empcore

t · σ (60)

empagr,yearlyt = (empagrt + empagrt−1 + empagrt−2 + empagrt−3)/4 (61)

ˆempagrt = ρ ˆempagr · ˆempagrt−1 + (1 − ρ ˆempagr

) · ζ3 · ŷagrt + ε ˆempagr

t · σ (62)

∆ ¯empagrt = ρ∆ ¯empagr · ∆ ¯empagrt−1 + ε∆ ¯empagr

t · σ (63)

empmine,yearly
t = (empmine

t + empmine
t−1 + empmine

t−2 + empmine
t−3 )/4 (64)

ˆempmine
t = ρ ˆempmine · ˆempmine

t−1 + (1 − ρ ˆempmine

) · ζ4 · ŷmine
t + ε ˆempmine

t · σ (65)

∆ ¯empmine
t = ρ∆ ¯empmine · ∆ ¯empmine

t−1 + ε∆ ¯empmine

t · σ (66)

ŵtotal
t = wemp,agr · ŵagr

t + wemp,mine · ŵmine
t + (1 − wemp,agr − wemp,mine) · ŵcore

t (67)

∆w̄total
t = wemp,agr · ∆w̄agr

t + wemp,mine · ∆w̄mine
t + (1 − wemp,agr − wemp,mine) · ∆w̄core

t (68)

ŵcore
t = ρŵ

core · ŵcore
t−1 + (1 − ρŵ

core

) · ζ5 · ŷcoret + εŵ
core

t · σ (69)
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∆w̄core
t = ρ∆w̄core · ∆w̄core

t−1 + (1 − ρ∆w̄core

) · (ss∆w̄core

+ ζ8 · (∆ȳcoret − ss∆ȳcore

)) + ε∆w̄core

t · σ (70)

ŵagr
t = ρŵ

agr · ŵagr
t−1 + (1 − ρŵ

agr

) · ζ6 · ŷagrt + εŵ
agr

t · σ (71)

∆w̄agr
t = ρ∆w̄agr · ∆w̄agr

t−1 + (1 − ρ∆w̄agr

) · ss∆w̄agr

+ ε∆w̄agr

t · σ (72)

ŵmine
t = ρŵ

mine · ŵmine
t−1 + (1 − ρŵ

mine

) · ζ7 · ŷmine
t + εŵ

mine

t · σ (73)

∆w̄mine
t = ρ∆w̄mine · ∆w̄mine

t−1 + (1 − ρ∆w̄mine

) · ss∆w̄mine

+ ε∆w̄mine

t · σ (74)

Foreign Demand

ŷFD
t = wCN · ŷCN

t + wEU · ŷEU
t + (1 − wCN − wEU ) · ŷUS

t (75)

ŷCN
t = ρŷ

CN · ŷCN
t−1 + εŷ

CN

t · σ (76)

ŷEU
t = ρŷ

EU · ŷEU
t−1 + εŷ

EU

t · σ (77)

ŷUS
t = ρŷ

US · ŷUS
t−1 + εŷ

US

t · σ (78)

∆ȳCN
t = ρ∆ȳCN · ∆ȳCN

t−1 + (1 − ρ∆ȳCN

) · ss∆ȳCN

+ ε∆ȳCN

t · σ (79)

∆ȳEU
t = ρ∆ȳEU · ∆ȳEU

t−1 + (1 − ρ∆ȳEU

) · ss∆ȳEU

+ ε∆ȳEU

t · σ (80)

∆ȳUS
t = ρ∆ȳUS · ∆ȳUS

t−1 + (1 − ρ∆ȳUS

) · ss∆ȳUS

+ ε∆ȳUS

t · σ (81)

∆ȳFD
t = wCN · ∆ȳCN

t + wEU · ∆ȳEU
t + (1 − wCN − wEU ) · ∆ȳUS

t (82)

Foreign CPI

∆cpiCN
t = ρ∆cpiCN · ∆cpiCN

t−1 + ((1 − ρ∆cpiCN

) · ss∆cpiCN

+ κ1 · ŷCN
t + κ2 · r̂pFood

t + κ3 · r̂pOil
t ) + ε∆cpiCN

t · σ (83)
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∆cpiEU
t = ρ∆cpiEU · ∆cpiEU

t−1 + ((1 − ρ∆cpiEU

) · ss∆cpiEU

+ κ4 · ŷEU
t + κ5 · r̂pFood

t + κ6 · r̂pOil
t ) + ε∆cpiEU

t · σ (84)

∆cpiUS
t = ρ∆cpiUS · ∆cpiUS

t−1 + ((1 − ρ∆cpiUS

) · ss∆cpiUS

+ κ7 · ŷUS
t + κ8 · r̂pFood

t + κ9 · r̂pOil
t ) + ε∆cpiUS

t · σ (85)

∆s
CNY/USD
t = ρ∆sCNY/USD · ∆s

CNY/USD
t−1 + (1 − ρ∆sCNY/USD

) · ss∆sCNY/USD

+ εs
CNY/USD

t · σ (86)

∆s
EUR/USD
t = ρ∆sEUR/USD · ∆s

EUR/USD
t−1 + (1 − ρ∆sEUR/USD

) · ss∆sEUR/USD

+ εs
EUR/USD

t · σ (87)

iUS
t = ρi

US · iUS
t−1 + (1 − ρi

US

) · (r̄US
t + ss∆cpiUS

) + εi
US

t · σ (88)

r̄US
t = ρr̄

US · r̄US
t−1 + (1 − ρr̄

US

) · ssr̄US

+ εr̄
US

t · σ (89)

∆cpiF,USD
t = wCN,CPI · (∆cpiCN

t − ∆s
CNY/USD
t ) + wEU,CPI · (∆cpiEU

t − ∆s
EUR/USD
t ) + (1 − wCN,CPI − wEU,CPI) · ∆cpiUS

t (90)

∆cpiFt = ∆s
MNT/USD
t + ∆cpiF,USD

t − ∆z̄t (91)

Commodities

r̂pCommodity
t = wCom · r̂pCopper

t + (1 − wCom) · r̂pIront (92)

∆r̄pCommodity
t = (1 − wCom) · (∆r̄pIront − ss∆r̄pIron

) + wCom · (∆r̄pCopper
t − ss∆r̄pCopper

) (93)

∆rpFood
t = ∆pFood

t − ∆cpiF,USD
t (94)

∆rpOil
t = ∆pOil

t − ∆cpiF,USD
t (95)

∆rpCopper
t = ∆pCopper

t − ∆cpiF,USD
t (96)

∆rpIront = ∆pIront − ∆cpiF,USD
t (97)

r̂pFood
t = ρr̂p

Food · r̂pFood
t−1 + εr̂p

Food

t · σ (98)
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∆r̄pFood
t = ρ∆r̄pFood · ∆r̄pFood

t−1 + (1 − ρ∆r̄pFood

) · ss∆r̄pFood

+ ε∆r̂pFood

t · σ (99)

r̂pOil
t = ρr̂p

Oil · r̂pOil
t−1 + κ10 · (wCommodity,CN · ŷCN

t + wCommodity,EU · ŷEU
t + (1 − wCommodity,CN − wCommodity,EU ) · ŷUS

t ) + εr̂p
Oil

t · σ (100)

∆r̄pOil
t = ρ∆r̄pOil · ∆r̄pOil

t−1 + (1 − ρ∆r̄pOil

) · ss∆r̄pOil

+ ε∆r̂pOil

t · σ (101)

r̂pCopper
t = ρr̂p

Copper · r̂pCopper
t−1 +κ11 ·(wCommodity,CN ·ŷCN

t +wCommodity,EU ·ŷEU
t +(1−wCommodity,CN−wCommodity,EU )·ŷUS

t )+εr̂p
Copper

t ·σ (102)

∆r̄pCopper
t = ρ∆r̄pCopper · ∆r̄pCopper

t−1 + (1 − ρ∆r̄pCopper

) · ss∆r̄pCopper

+ ε∆r̂pCopper

t · σ (103)

r̂pIront = ρr̂p
Iron · r̂pIront−1 + κ12 · (wCommodity,CN · ŷCN

t + wCommodity,EU · ŷEU
t + (1 − wCommodity,CN − wCommodity,EU ) · ŷUS

t ) + εr̂p
Iron

t · σ (104)

∆r̄pIront = ρ∆r̄pIron · ∆r̄pIront−1 + (1 − ρ∆r̄pIron

) · ss∆r̄pIron

+ ε∆r̂pIron

t · σ (105)

De�ators

∆pct = ρ∆pc · ∆pct−1 + (1 − ρ∆pc

) · (∆cpit) + ε∆pc

t · σ (106)

∆pinvt = ρ∆pinv · ∆pinvt−1 + (1 − ρ∆pinv

) · ∆cpit + ε∆pinv

t · σ (107)

∆pgovt = ρ∆pgov · ∆pgovt−1 + (1 − ρ∆pgov

) · ∆cpit + ε∆pgov

t · σ (108)

∆pext = ρ∆pex · ∆pext−1 + (1 − ρ∆pex

) · (υ1 · ((1 − wCom) · ∆pIront + wCom · ∆pCopper
t ) + (1 − υ1) · ∆cpiF,USD

t + ∆s
MNT/USD
t ) + ε∆pex

t · σ (109)

∆pimt = υ1 · (wCom · ∆pOil
t + (1 − wCom) · ∆pFood

t ) + (1 − υ1) · ∆cpiF,USD
t + ∆s

MNT/USD
t + ε∆pim

t · σ (110)

∆pyt = ρ∆py ·∆pyt−1+(1−ρ∆py

)·(wy,c ·∆pct +wy,inv ·∆pinvt +wy,gov ·∆pgovt +wy,ex ·∆pext −(wy,c+wy,inv+wy,gov+wy,ex − 1)·∆pimt )+ε∆py

t ·σ (111)

∆py,agrt = υ2 · ∆cpit + (1 − υ2) · (∆pFood
t + ∆s

MNT/USD
t ) + ε∆py,agr

t · σ (112)

∆py,mine
t = ∆pCopper

t + ∆s
MNT/USD
t + ε∆py,mine

t · σ (113)



29-Jan-2017 22:39:33 Technical appendix: Equations, variables, parameters 10

∆py,coret = ρ∆py,core · ∆py,coret−1 + (1 − ρ∆py,core

) · ((∆pyt − wy,agr · ∆py,agrt − wy,mine · ∆py,mine
t )/(1 − wy,agr − wy,mine)) + ε∆py,core

t · σ (114)

De�nitions - expectations

ĉet = ĉt+1 (115)

ˆinv
e

t = ˆinvt+1 (116)

Qe
t = Qt+1 (117)

ˆexnon−mine
e

t = ˆexnon−mine
t+1 (118)

∆cpiet = ∆cpit+1 (119)

∆4cpi
e
t = ∆4cpit+1 (120)

taret = tart+1 (121)

s
e,MNT/USD
t = s

MNT/USD
t+1 (122)

s
e,MNT/USD,float
t = θ6 · sMNT/USD,float

t+1 + (1 − θ6) · (s
MNT/USD
t−1 + 2/4 · ∆s̄

MNT/USD
t ) (123)

s
e,MNT/USD,fix
t = s

MNT/USD,fix
t+1 (124)

∆s
e,MNT/USD
t = ∆s

MNT/USD
t+1 (125)

∆s̄
e,MNT/USD
t = ∆s̄

MNT/USD
t+1 (126)

De�nitions - gaps and trends

yt = ŷt + ȳt (127)

yagrt = ŷagrt + ȳagrt (128)
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ymine
t = ŷmine

t + ȳmine
t (129)

ycoret = ŷcoret + ȳcoret (130)

dt = d̂t + d̄t (131)

ct = ĉt + c̄t (132)

invt = ˆinvt + ¯invt (133)

govt = ˆgovt + ¯govt (134)

ext = êxt + ēxt (135)

exmine
t = ˆexmine

t + ¯exmine
t (136)

exnon−mine
t = ˆexnon−mine

t + ¯exnon−mine
t (137)

imt = ˆimt + ¯imt (138)

emptotalt = ˆemptotalt + ¯emptotalt (139)

empcoret = ˆempcoret + ¯empcoret (140)

empagrt = ˆempagrt + ¯empagrt (141)

empmine
t = ˆempmine

t + ¯empmine
t (142)

wtotal
t = ŵtotal

t + w̄total
t (143)

wcore
t = ŵcore

t + w̄core
t (144)
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wagr
t = ŵagr

t + w̄agr
t (145)

wmine
t = ŵmine

t + w̄mine
t (146)

zt = z̄t + ẑt (147)

pbyt = ˆpbyt + ¯pbyt (148)

yCN
t = ȳCN

t + ŷCN
t (149)

yEU
t = ȳEU

t + ŷEU
t (150)

yUS
t = ȳUS

t + ŷUS
t (151)

yFD
t = ȳFD

t + ŷFD
t (152)

rpFood
t = r̂pFood

t + r̄pFood
t (153)

rpOil
t = r̂pOil

t + r̄pOil
t (154)

rpCopper
t = r̂pCopper

t + r̄pCopper
t (155)

rpIront = r̂pIront + r̄pIront (156)

De�nitions - growth rates

∆ȳt = 4 · (ȳt − ȳt−1) (157)

∆ȳagrt = 4 · (ȳagrt − ȳagrt−1) (158)

∆ȳmine
t = 4 · (ȳmine

t − ȳmine
t−1 ) (159)

∆ȳcoret = 4 · (ȳcoret − ȳcoret−1 ) (160)
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∆d̄t = 4 · (d̄t − d̄t−1) (161)

∆c̄t = 4 · (c̄t − c̄t−1) (162)

∆ ¯invt = 4 · ( ¯invt − ¯invt−1) (163)

∆ ¯govt = 4 · ( ¯govt − ¯govt−1) (164)

∆ ¯exmine
t = 4 · ( ¯exmine

t − ¯exmine
t−1) (165)

∆ ¯exnon−mine
t = 4 · ( ¯exnon−mine

t − ¯exnon−mine
t−1) (166)

∆ēxt = 4 · (ēxt − ēxt−1) (167)

∆ ¯imt = 4 · ( ¯imt − ¯imt−1) (168)

∆4yt = yt − yt−4 (169)

∆4y
agr
t = yagrt − yagrt−4 (170)

∆4y
mine
t = ymine

t − ymine
t−4 (171)

∆4y
core
t = ycoret − ycoret−4 (172)

∆4ȳ
mine
t = ȳmine

t − ȳmine
t−4 (173)

∆4dt = dt − dt−4 (174)

∆4ct = ct − ct−4 (175)

∆4invt = invt − invt−4 (176)

∆4govt = govt − govt−4 (177)
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∆4ext = ext − ext−4 (178)

∆4ex
mine

t = exmine
t − exmine

t−4 (179)

∆4ex
non−mine

t = exnon−mine
t − exnon−mine

t−4 (180)

∆4imt = imt − imt−4 (181)

∆ ¯emptotalt = 4 · ( ¯emptotalt − ¯emptotalt−1 ) (182)

∆ ¯empcoret = 4 · ( ¯empcoret − ¯empcoret−1 ) (183)

∆ ¯empagrt = 4 · ( ¯empagrt − ¯empagrt−1) (184)

∆ ¯empmine
t = 4 · ( ¯empmine

t − ¯empmine
t−1 ) (185)

∆wtotal
t = 4 · (wtotal

t − wtotal
t−1 ) (186)

∆wcore
t = 4 · (wcore

t − wcore
t−1 ) (187)

∆wagr
t = 4 · (wagr

t − wagr
t−1) (188)

∆wmine
t = 4 · (wmine

t − wmine
t−1 ) (189)

∆w̄total
t = 4 · (w̄total

t − w̄total
t−1 ) (190)

∆w̄core
t = 4 · (w̄core

t − w̄core
t−1 ) (191)

∆w̄agr
t = 4 · (w̄agr

t − w̄agr
t−1) (192)

∆w̄mine
t = 4 · (w̄mine

t − w̄mine
t−1 ) (193)

∆4emp
total
t = (emptotalt − emptotalt−4 ) (194)
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∆4emp
core
t = (empcoret − empcoret−4 ) (195)

∆4emp
agr
t = (empagrt − empagrt−4) (196)

∆4emp
mine
t = (empmine

t − empmine
t−4 ) (197)

∆4w
total
t = (wtotal

t − wtotal
t−4 ) (198)

∆4w
core
t = (wcore

t − wcore
t−4 ) (199)

∆4w
agr
t = (wagr

t − wagr
t−4) (200)

∆4w
mine
t = (wmine

t − wmine
t−4 ) (201)

∆cpit = 4 · (cpit − cpit−1) (202)

∆4cpit = cpit − cpit−4 (203)

∆s
MNT/USD
t = 4 · (s

MNT/USD
t − s

MNT/USD
t−1 ) (204)

∆4s
MNT/USD
t = (s

MNT/USD
t − s

MNT/USD
t−4 ) (205)

∆cpiF,USD
t = 4 · (cpiF,USD

t − cpiF,USD
t−1 ) (206)

∆4cpi
F,USD
t = cpiF,USD

t − cpiF,USD
t−4 (207)

∆zt = 4 · (zt − zt−1) (208)

∆z̄t = 4 · (z̄t − z̄t−1) (209)

∆pFood
t = 4 · (pFood

t − pFood
t−1 ) (210)

∆pOil
t = 4 · (pOil

t − pOil
t−1) (211)
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∆pCopper
t = 4 · (pCopper

t − pCopper
t−1 ) (212)

∆pIront = 4 · (pIront − pIront−1 ) (213)

∆rpFood
t = 4 · (rpFood

t − rpFood
t−1 ) (214)

∆rpOil
t = 4 · (rpOil

t − rpOil
t−1) (215)

∆rpCopper
t = 4 · (rpCopper

t − rpCopper
t−1 ) (216)

∆rpIront = 4 · (rpIront − rpIront−1 ) (217)

∆r̄pFood
t = 4 · (r̄pFood

t − r̄pFood
t−1 ) (218)

∆r̄pOil
t = 4 · (r̄pOil

t − r̄pOil
t−1) (219)

∆r̄pCopper
t = 4 · (r̄pCopper

t − r̄pCopper
t−1 ) (220)

∆r̄pIront = 4 · (r̄pIront − r̄pIront−1 ) (221)

∆yCN
t = 4 · (yCN

t − yCN
t−1) (222)

∆yEU
t = 4 · (yEU

t − yEU
t−1) (223)

∆yUS
t = 4 · (yUS

t − yUS
t−1) (224)

∆yFD
t = 4 · (yFD

t − yFD
t−1) (225)

∆ȳCN
t = 4 · (ȳCN

t − ȳCN
t−1) (226)

∆ȳEU
t = 4 · (ȳEU

t − ȳEU
t−1) (227)
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∆ȳUS
t = 4 · (ȳUS

t − ȳUS
t−1) (228)

∆ȳFD
t = 4 · (ȳFD

t − ȳFD
t−1) (229)

∆̃4y
mine
t = (∆4y

mine
t + ∆4y

mine
t−1 + ∆4y

mine
t−2 + ∆4y

mine
t−3 )/4 (230)

∆̃4ȳ
mine
t = (∆4ȳ

mine
t + ∆4ȳ

mine
t−1 + ∆4ȳ

mine
t−2 + ∆4ȳ

mine
t−3 )/4 (231)

∆4y
CN,yearly
t = (∆4y

CN
t + ∆4y

CN
t−1 + ∆4y

CN
t−2 + ∆4y

CN
t−3)/4 (232)

∆4y
CN
t = yCN

t − yCN
t−4 (233)

∆4y
EU
t = yEU

t − yEU
t−4 (234)

∆4y
US
t = yUS

t − yUS
t−4 (235)

∆4y
FD
t = yFD

t − yFD
t−4 (236)

∆pct = 4 · (pct − pct−1) (237)

∆pinvt = 4 · (pinvt − pinvt−1) (238)

∆pgovt = 4 · (pgovt − pgovt−1) (239)

∆pext = 4 · (pext − pext−1) (240)

∆pimt = 4 · (pimt − pimt−1) (241)

∆pyt = 4 · (pyt − pyt−1) (242)

∆py,agrt = 4 · (py,agrt − py,agrt−1 ) (243)

∆py,mine
t = 4 · (py,mine

t − py,mine
t−1 ) (244)
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∆py,coret = 4 · (py,coret − py,coret−1 ) (245)

∆4p
c
t = pct − pct−4 (246)

∆4p
inv
t = pinvt − pinvt−4 (247)

∆4p
gov
t = pgovt − pgovt−4 (248)

∆4p
ex
t = pext − pext−4 (249)

∆4p
im
t = pimt − pimt−4 (250)

∆4p
y
t = pyt − pyt−4 (251)

∆4p
y,agr
t = py,agrt − py,agrt−4 (252)

∆4p
y,mine
t = py,mine

t − py,mine
t−4 (253)

∆4p
y,core
t = py,coret − py,coret−4 (254)

∆4cpi
CN
t = (∆cpiCN

t + ∆cpiCN
t−1 + ∆cpiCN

t−2 + ∆cpiCN
t−3)/4 (255)

∆4cpi
EU
t = (∆cpiEU

t + ∆cpiEU
t−1 + ∆cpiEU

t−2 + ∆cpiEU
t−3)/4 (256)

∆4cpi
US
t = (∆cpiUS

t + ∆cpiUS
t−1 + ∆cpiUS

t−2 + ∆cpiUS
t−3)/4 (257)

∆4p
Food
t = (pFood

t − pFood
t−4 ) (258)

∆4p
Oil
t = (pOil

t − pOil
t−4) (259)

∆4p
Copper
t = (pCopper

t − pCopper
t−4 ) (260)

∆4p
Iron
t = (pIront − pIront−4 ) (261)
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Variables of the model

Variable Model name Description

y y Real GDP: Total (100*log)

ŷ y_gap Real GDP: Total, gap (%)

ȳ y_trend Real GDP: Total, trend (100*log)

∆ȳ dl_y_trend Real GDP: Total, trend (%, QoQ)

∆4y d4l_y Real GDP: Total (%, YoY)

yagr y_agr Real GDP: Agricultural (100*log)

ŷagr y_agr_gap Real GDP: Agricultural, gap (%)

ȳagr y_agr_trend Real GDP: Agricultural, trend (100*log)

∆ȳagr dl_y_agr_trend Real GDP: Agricultural, trend (%, QoQ)

∆4y
agr d4l_y_agr Real GDP: Agricultural (%, YoY)

ymine y_mine Real GDP: Mining (100*log)

ŷmine y_mine_gap Real GDP: Mining, gap (%)

ȳmine y_mine_trend Real GDP: Mining, trend (100*log)

∆ȳmine dl_y_mine_trend Real GDP: Mining, trend (%, QoQ)

∆4ȳ
mine d4l_y_mine_trend Real GDP: Mining, trend (%, YoY)

∆4y
mine d4l_y_mine Real GDP: Mining (%, YoY)

∆̃4y
mine d4l_y_mine_avg Real GDP: Mining (%, YoY, yearly avg)

∆̃4ȳ
mine d4l_y_mine_trend_avg Real GDP: Mining, trend (%, YoY, yearly avg)

ycore y_base Real GDP: Core (100*log)

ŷcore y_base_gap Real GDP: Core, gap (%)

ȳcore y_base_trend Real GDP: Core, trend (100*log)

∆ȳcore dl_y_base_trend Real GDP: Core, trend (%, QoQ)

∆4y
core d4l_y_base Real GDP: Core (%, YoY)

d dd Real Domestic Demand (100*log)

d̂ dd_gap Real Domestic Demand, gap (%)

d̄ dd_trend Real Domestic Demand, trend (100*log)

∆d̄ dl_dd_trend Real Domestic Demand, trend (%, QoQ)

∆4d d4l_dd Real Domestic Demand (%, YoY)

c c Real Consumption (100*log)

ĉ c_gap Real Consumption, gap (%)

go to the next page
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Variable Model name Description

εĉ ups_c_gap Real Consumption, gap shock (%)

ĉe e_c_gap Real Consumption, gap expected value (%)

c̄ c_trend Real Consumption, trend (100*log)

∆c̄ dl_c_trend Real Consumption, trend (%, QoQ)

∆4c d4l_c Real Consumption (%, YoY)

inv inv Real Investment (100*log)
ˆinv inv_gap Real Investment, gap (%)

ε
ˆinv ups_inv_gap Real Investment, gap shock (%)

ˆinv
e

e_inv_gap Real Investment, expected value gap (%)
¯inv inv_trend Real Investment, trend (100*log)

∆ ¯inv dl_inv_trend Real Investment, trend (%, QoQ)

∆4inv d4l_inv Real Investment (%, YoY)

Q tob Tobin-Q (%)

Qe e_tob Tobin-Q, expected value (%)

gov gov Real Government Consumption (100*log)

ˆgov gov_gap Real Government Consumption, gap (%)

¯gov gov_trend Real Government Consumption, trend (100*log)

∆ ¯gov dl_gov_trend Real Government Consumption, trend (%, QoQ)

∆4gov d4l_gov Real Government Consumption (%, YoY)

ex ex Real Export (100*log)

êx ex_gap Real Export, gap (%)

ēx ex_trend Real Export, trend (100*log)

∆ēx dl_ex_trend Real Export, trend (%, QoQ)

∆4ex d4l_ex Real Export (%, YoY)

exnon−mine ex_non_mine Real Export: Non-Mining (100*log)
ˆexnon−mine ex_non_mine_gap Real Export: Non-Mining, gap (%)
ˆexnon−mine

e
e_ex_non_mine_gap Real Export: Non-Mining, gap expected value (%)

¯exnon−mine ex_non_mine_trend Real Export: Non-Mining, trend (100*log)

∆ ¯exnon−mine dl_ex_non_mine_trend Real Export: Non-Mining, trend (%, QoQ)

∆4ex
non−mine d4l_ex_non_mine Real Export: Non-Mining (%, YoY)

exmine ex_mine Real Export: Mining (100*log)
ˆexmine ex_mine_gap Real Export: Mining, gap (%)
¯exmine ex_mine_trend Real Export: Mining, trend (100*log)

go to the next page
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Variable Model name Description

∆ ¯exmine dl_ex_mine_trend Real Export: Mining, trend (%, QoQ)

∆4ex
mine d4l_ex_mine Real Export: Mining (%, YoY)

im im Real Import (100*log)
ˆim im_gap Real Import, gap (%)
¯im im_trend Real Import, trend (100*log)

∆ ¯im dl_im_trend Real Import, trend (%, QoQ)

∆4im d4l_im Real Import (%, YoY)
ˆimc im_c_gap Consumed Real Import, gap (%)
ˆiminv im_inv_gap Invested Real Import, gap (%)
ˆimex im_ex_gap Exported Real Import, gap (%)

∆ ¯imex dl_im_ex_trend Exported Real Import, trend (%, QoQ)

cpi cpi CPI (100*log)

∆cpi dl_cpi CPI (%, QoQ)

∆ ˆcpi dl_cpi_gap CPI: Deviation from implicit target (%, QoQ)

∆4cpi d4l_cpi CPI (%, YoY)

∆cpie e_dl_cpi CPI (%, QoQ)

∆4cpi
e e_d4l_cpi CPI (%, YoY)

tar target Implicit In�ation Target (%, YoY)

tare e_target Implicit In�ation Target, expectation (%, YoY)

r̂pFuel rp_fuel_gap Fuel price: gap (%)

pc p_c De�ator: Consumption (100*log)

∆pc dl_p_c De�ator: Consumption (%, QoQ)

∆4p
c d4l_p_c De�ator: Consumption (%, YoY)

pinv p_inv De�ator: Investment (100*log)

∆pinv dl_p_inv De�ator: Investment (%, QoQ)

∆4p
inv d4l_p_inv De�ator: Investment (%, YoY)

pgov p_gov De�ator: Govermnent Consumption (100*log)

∆pgov dl_p_gov De�ator: Govermnent Consumption (%, QoQ)

∆4p
gov d4l_p_gov De�ator: Govermnent Consumption (%, YoY)

pex p_ex De�ator: Export (100*log)

∆pex dl_p_ex De�ator: Export (%, QoQ)

∆4p
ex d4l_p_ex De�ator: Export (%, YoY)

pim p_im De�ator: Import (100*log)

go to the next page
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Variable Model name Description

∆pim dl_p_im De�ator: Import (%, QoQ)

∆4p
im d4l_p_im De�ator: Import (%, YoY)

py p_y De�ator: Total GDP (100*log)

∆py dl_p_y De�ator: Total GDP (%, QoQ)

∆4p
y d4l_p_y De�ator: Total GDP (%, YoY)

py,agr p_y_agr De�ator: Agricultural GDP (100*log)

∆py,agr dl_p_y_agr De�ator: Agricultural GDP (%, QoQ)

∆4p
y,agr d4l_p_y_agr De�ator: Agricultural GDP (%, YoY)

py,mine p_y_mine De�ator: Mining GDP (100*log)

∆py,mine dl_p_y_mine De�ator: Mining GDP (%, QoQ)

∆4p
y,mine d4l_p_y_mine De�ator: Mining GDP (%, YoY)

py,core p_y_base De�ator: Core GDP (100*log)

∆py,core dl_p_y_base De�ator: Core GDP (%, QoQ)

∆4p
y,core d4l_p_y_base De�ator: Core GDP (%, YoY)

ipol rate Mongolbank rate (%)

iuip rate_uip Implied UIP-based Rate (%)

ieff rate_e� E�ective Money Market Rate (%)

r̄ r_trend Domestic Neutral Real Rate (%)

r̂ r_gap Real Rate gap (%)
ˆipol rate_gap Policy Rate deviation from neutral nominal rate (%)

Prem prem Country Risk Premium (%)

sMNT/USD mnt_usd Nominal Exchange Rate: MNT/USD (100*log)

sMNT/USD,fix mnt_usd_�x Nominal Exchange Rate: MNT/USD, �xed regime (100*log)

∆̃sMNT/USD,fix dl_mnt_usd_�x Nominal Exchange Rate: MNT/USD, �xed regime (100*log)

sMNT/USD,float mnt_usd_�oat Nominal Exchange Rate: MNT/USD, �oating regime (100*log)

∆̃sMNT/USD,float dl_mnt_usd_�oat Nominal Exchange Rate: MNT/USD, �xed regime (100*log)

∆sMNT/USD dl_mnt_usd Nominal Exchange Rate: MNT/USD (%, QoQ)

∆se,MNT/USD e_dl_mnt_usd Nominal Exchange Rate: MNT/USD, expected value (%, QoQ)

∆4s
MNT/USD d4l_mnt_usd Nominal Exchange Rate: MNT/USD (%, YoY)

se,MNT/USD e_mnt_usd Nominal Exchange Rate: MNT/USD, expected value (100*log)

∆s̄MNT/USD dl_mnt_usd_trend Implied Nominal Exchange Rate trend (%, QoQ)

∆s̄e,MNT/USD e_dl_mnt_usd_trend Implied Nominal Exchange Rate trend, expected value (%, QoQ)

se,MNT/USD,fix e_mnt_usd_�x Nominal Exchange Rate: MNT/USD, expected value, �xed regime (100*log)

go to the next page
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Variable Model name Description

se,MNT/USD,float e_mnt_usd_�oat Nominal Exchange Rate: MNT/USD, expected value, �oating regime (100*log)

z z Real E�ective Exchange Rate (100*log)

ẑ z_gap Real E�ective Exchange Rate, gap (%)

z̄ z_trend Real E�ective Exchange Rate, trend (100*log)

∆z̄ dl_z_trend Real E�ective Exchange Rate, trend (%, QoQ)

∆z dl_z Real E�ective Exchange Rate (%, QoQ)

pby prim_bal_rate Primary balance to GDP (%)

pbyyearly prim_bal_rate_avg Primary balance to GDP yearly average (%)
ˆpby prim_bal_rate_gap Primary balance to GDP, gap (%)
¯pby prim_bal_rate_trend Primary balance to GDP, trend (%)
ˆinc income_gap Real Labor Income Rate, gap (%)

emptotal emp_total Employment: Total (100*log)

ˆemptotal emp_total_gap Employment: Total, gap (%)

¯emptotal emp_total_trend Employment: Total, trend (100*log)

∆ ¯emptotal dl_emp_total_trend Employment: Total, trend (%, QoQ)

∆4emp
total d4l_emp_total Employment: Total (%, YoY)

emptotal,yearly emp_total_avg Employment: Total, yearly average (100*log)

wtotal wage_total Real Wage: Total (100*log)

ŵtotal wage_total_gap Real Wage: Total, gap (%)

w̄total wage_total_trend Real Wage: Total, trend (100*log)

∆wtotal dl_wage_total Real Wage: Total (%, QoQ)

∆4w
total d4l_wage_total Real Wage: Total (%, YoY)

∆w̄total dl_wage_total_trend Real Wage: Total, trend (%, QoQ)

empcore emp_core Employment: Core (100*log)

ˆempcore emp_core_gap Employment: Core, gap (%)

¯empcore emp_core_trend Employment: Core, trend (100*log)

∆ ¯empcore dl_emp_core_trend Employment: Core, trend (%, QoQ)

∆4emp
core d4l_emp_core Employment: Core (%, YoY)

empcore,yearly emp_core_avg Employment: Core, yearly average (100*log)

wcore wage_core Real Wage: Core (100*log)

ŵcore wage_core_gap Real Wage: Core, gap (%)

w̄core wage_core_trend Real Wage: Core, trend (100*log)

∆wcore dl_wage_core Real Wage: Core (%, QoQ)

go to the next page
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Variable Model name Description

∆4w
core d4l_wage_core Real Wage: Core (%, YoY)

∆w̄core dl_wage_core_trend Real Wage: Core, trend (%, QoQ)

empagr emp_agr Employment: Agricultural (100*log)

ˆempagr emp_agr_gap Employment: Agricultural, gap (%)

¯empagr emp_agr_trend Employment: Agricultural, trend (100*log)

∆ ¯empagr dl_emp_agr_trend Employment: Agricultural, trend (%, QoQ)

∆4emp
agr d4l_emp_agr Employment: Agricultural (%, YoY)

empagr,yearly emp_agr_avg Employment: Agricultural, yearly average (100*log)

wagr wage_agr Real Wage: Agricultural (100*log)

ŵagr wage_agr_gap Real Wage: Agricultural, gap (%)

w̄agr wage_agr_trend Real Wage: Agricultural, trend (100*log)

∆wagr dl_wage_agr Real Wage: Agricultural (%, QoQ)

∆4w
agr d4l_wage_agr Real Wage: Agricultural (%, YoY)

∆w̄agr dl_wage_agr_trend Real Wage: Agricultural, trend (%, QoQ)

empmine emp_mine Employment: Mining (100*log)

ˆempmine emp_mine_gap Employment: Mining, gap (%)

¯empmine emp_mine_trend Employment: Mining, trend (100*log)

∆ ¯empmine dl_emp_mine_trend Employment: Mining, trend (%, QoQ)

∆4emp
mine d4l_emp_mine Employment: Mining (%, YoY)

empmine,yearly emp_mine_avg Employment: Mining, yearly average (100*log)

wmine wage_mine Real Wage: Mining (100*log)

ŵmine wage_mine_gap Real Wage: Mining, gap (%)

w̄mine wage_mine_trend Real Wage: Mining, trend (100*log)

∆wmine dl_wage_mine Real Wage: Mining (%, QoQ)

∆4w
mine d4l_wage_mine Real Wage: Mining (%, YoY)

∆w̄mine dl_wage_mine_trend Real Wage: Mining, trend (%, QoQ)

yFD yw Foreign Demand (100*log)

ŷFD yw_gap Foreign Demand, gap (%)

ȳFD yw_trend Foreign Demand, trend (100*log)

∆ȳFD dl_yw_trend Foreign Demand, trend (%, QoQ)

∆yFD dl_yw Foreign Demand (%, QoQ)

∆4y
FD d4l_yw Foreign Demand (%, YoY)

cpiF,USD cpi_imp_usd Foreign e�ective CPI in USD (100*log)
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Variable Model name Description

∆cpiF,USD dl_cpi_imp_usd Foreign e�ective CPI in USD (%, QoQ)

∆4cpi
F,USD d4l_cpi_imp_usd Foreign e�ective CPI in USD (%, YoY)

∆cpiF dl_cpi_imp Foreign e�ective CPI in MNT (%, QoQ)

yCN y_cn Real GDP: China (100*log)

ŷCN y_cn_gap Real GDP: China, gap (%)

ȳCN y_cn_trend Real GDP: China, trend (100*log)

∆ȳCN dl_y_cn_trend Real GDP: China, trend (%, QoQ)

∆yCN dl_y_cn Real GDP: China (%, QoQ)

∆4y
CN d4l_y_cn Real GDP: China (%, YoY)

∆4y
CN,yearly d4l_y_cn_avg Real GDP: China yearly average growth (%, YoY)

∆cpiCN dl_cpi_cn CPI: China (%, QoQ)

∆4cpi
CN d4l_cpi_cn CPI: CN (%, YoY)

∆sCNY/USD dl_cny_usd Nominal Exchange Rate: CNY/USD (%, QoQ)

yUS y_us Real GDP: US (100*log)

ŷUS y_us_gap Real GDP: US, gap (%)

ȳUS y_us_trend Real GDP: US, trend (100*log)

∆ȳUS dl_y_us_trend Real GDP: US, trend (%, QoQ)

∆yUS dl_y_us Real GDP: US (%, QoQ)

∆4y
US d4l_y_us Real GDP: US (%, YoY)

∆cpiUS dl_cpi_us CPI: US (%, QoQ)

∆4cpi
US d4l_cpi_us CPI: US (%, YoY)

iUS rate_us Interest rate: FED Funds rate (%)

r̄US r_us_trend Real Interest rate trend: US (%)

yEU y_eu Real GDP: EU (100*log)

ŷEU y_eu_gap Real GDP: EU, gap (%)

ȳEU y_eu_trend Real GDP: EU, trend (100*log)

∆ȳEU dl_y_eu_trend Real GDP: EU, trend (%, QoQ)

∆yEU dl_y_eu Real GDP: EU (%, QoQ)

∆4y
EU d4l_y_eu Real GDP: EU (%, YoY)

∆cpiEU dl_cpi_eu CPI: EU (%, QoQ)

∆4cpi
EU d4l_cpi_eu CPI: EU (%, YoY)

∆sEUR/USD dl_eur_usd Nominal Exchange Rate: EUR/USD (%, QoQ)

r̂pCommodity qcommodity_gap Weighted average of exported commodity price, gap (%)
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Variable Model name Description

∆r̄pCommodity dl_qcommodity_trend Weighted average of exported commodity price, trend (%, QoQ)

pCopper copper Copper price in USD (%, 100*log)

∆pCopper dl_copper Copper price in USD (%, QoQ)

∆4p
Copper d4l_copper Copper price in USD (%, YoY)

rpCopper qcopper Copper real price (100*log)

r̂pCopper qcopper_gap Copper real price, gap (%)

r̄pCopper qcopper_trend Copper real price, trend (100*log)

∆rpCopper dl_qcopper Copper real price (%, QoQ)

∆r̄pCopper dl_qcopper_trend Copper real price, trend (%, QoQ)

pIron iron Iron price in USD (%, 100*log)

∆pIron dl_iron Iron price in USD (%, QoQ)

∆4p
Iron d4l_iron Iron price in USD (%, YoY)

rpIron qiron Iron real price (100*log)

r̂pIron qiron_gap Iron real price, gap (%)

r̄pIron qiron_trend Iron real price, trend (100*log)

∆rpIron dl_qiron Iron real price (%, QoQ)

∆r̄pIron dl_qiron_trend Iron real price, trend (%, QoQ)

pFood food Food price in USD (%, 100*log)

∆pFood dl_food Food price in USD (%, QoQ)

∆4p
Food d4l_food Food price in USD (%, YoY)

rpFood qfood Food real price (100*log)

r̂pFood qfood_gap Food real price, gap (%)

r̄pFood qfood_trend Food real price, trend (100*log)

∆rpFood dl_qfood Food real price (%, QoQ)

∆r̄pFood dl_qfood_trend Food real price, trend (%, QoQ)

pOil oil Oil price in USD (%, 100*log)

∆pOil dl_oil Oil price in USD (%, QoQ)

∆4p
Oil d4l_oil Oil price in USD (%, YoY)

rpOil qoil Oil real price (100*log)

r̂pOil qoil_gap Oil real price, gap (%)

r̄pOil qoil_trend Oil real price, trend (100*log)

∆rpOil dl_qoil Oil real price (%, QoQ)

∆r̄pOil dl_qoil_trend Oil real price, trend (%, QoQ)
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Parameters of the model

Parameter Model name Description Value

σ factor Scale parameter for standard errors 88.59

wy,agr w_agr Weights in GDP identity: Agricultural 0.07

wy,mine w_mine Weights in GDP identity: Mining 0.15

wy,c w_c Weights in GDP identity: Consumption 0.55

wy,inv w_inv Weights in GDP identity: Investment 0.30

wy,gov w_gov Weights in GDP identity: Government Consumption 0.14

wy,ex w_ex Weights in GDP identity: Export 0.60

wy,im w_im Weights in GDP identity: Import 0.59

wex,mine w_ex_mine Weights in Export: Mining 0.60

wim,c w_im_c Weights in Import: Consumption 0.15

wim,inv w_im_inv Weights in Import: Investment 0.25

wemp,agr w_emp_agr Weights in Labor market: Agricultural 0.10

wemp,mine w_emp_mine Weights in Labor market: Mining 0.10

wCN w_yw_cn Weights in Foreign Demand: China 0.70

wEU w_yw_eu Weights in Foreign Demand: EU 0.15

wCN,CPI w_cpi_imp_cn Weights in Foreign CPI: China 0.40

wEU,CPI w_cpi_imp_eu Weights in Foreign CPI: EU 0.30

wFX w_neer Weights of Fixed Exchange rate regime 0.37

wCom w_commodity Weights of copper in exported commodities 0.75

wCommodity,CN w_comm_cn Weights of China in commodity basket 0.40

wCommodity,EU w_comm_eu Weights of EU in commodity basket 0.20

ss∆ȳagr

ss_dl_y_agr_trend Steady-state: Agricultural growth (%, QoQ) 1.00

ss∆ȳmine

ss_dl_y_mine_trend Steady-state: Mining growth (%, QoQ) 1.80

ss∆c̄ ss_dl_c_trend Steady-state: Consumption growth (%, QoQ) 4.50

ss∆ ¯inv ss_dl_inv_trend Steady-state: Investment growth (%, QoQ) 5.00

ss∆ ¯gov ss_dl_gov_trend Steady-state: Government consumption growth (%, QoQ) 4.50

ss∆ēxmine

ss_dl_ex_mine_trend Steady-state: Mining Export growth (%, QoQ) 1.80

ss∆ēxn,mine

ss_dl_ex_non_mine_trend Steady-state: Non-Mining Export growth (%, QoQ) 8.00

ss∆ȳ ss_dl_y_trend Steady-state: GDP growth (%, QoQ) 4.52

ss∆ ¯im ss_dl_im_trend Steady-state: Import growth (%, QoQ) 4.49

go to the next page



29-Jan-2017 22:39:33 Technical appendix: Equations, variables, parameters 28

Parameter Model name Description Value

ss∆ȳcore

ss_dl_y_base_trend Steady-state: GDP Core growth (%, QoQ) 5.39

sstar ss_target Steady-state: CPI (%, YoY) 4.88

ss
¯pby ss_prim_bal_rate_trend Steady-state: Primary balance to GDP ratio (%) 0.00

ssprem ss_prem Steady-state: Risk premium (%) 3.50

ss∆z̄ ss_dl_z_trend Steady-state: Real Exchange Rate trend (%, QoQ) −1.50

ssr̄ ss_r_trend Steady-state: Real Interest Rate trend (%) 4.00

ss∆w̄core

ss_dl_wage_core_trend Steady-state: Real Wage, Core growth (%, QoQ) 3.35

ss∆w̄agr

ss_dl_wage_agr_trend Steady-state: Real Wage, Agricultural growth (%, QoQ) 1.00

ss∆w̄mine

ss_dl_wage_mine_trend Steady-state: Real Wage, Mining growth (%, QoQ) 1.00

ss∆w̄total

ss_dl_wage_total_trend Steady-state: Real Wage, Total (%, QoQ) 2.88

ss∆ ¯emptotal

ss_dl_emp_total_trend Steady-state: Employment Wage, Total (%, QoQ) 1.94

ss∆ȳFD

ss_dl_yw_trend Steady-state: E�ective foreign demand (%, QoQ) 5.42

ss∆ȳCN

ss_dl_y_cn_trend Steady-state: China GDP growth (%, QoQ) 7.00

ss∆cpiCN

ss_dl_cpi_cn Steady-state: China CPI (%, YoY) 2.00

ss∆sCNY/USD

ss_dl_cny_usd Steady-state: CNY/USD (%, QoQ) 0.00

ss∆ȳUS

ss_dl_y_us_trend Steady-state: China GDP growth (%, QoQ) 2.00

ss∆cpiUS

ss_dl_cpi_us Steady-state: China CPI (%, YoY) 2.00

ssr̄
US

ss_r_us_trend Steady-state: US Real Interest Rate (%) 2.00

ss∆ȳEU

ss_dl_y_eu_trend Steady-state: EU GDP growth (%, QoQ) 1.50

ss∆cpiEU

ss_dl_cpi_eu Steady-state: EU CPI (%, YoY) 2.00

ss∆sEUR/USD

ss_dl_eur_usd Steady-state: EUR/USD (%, QoQ) 0.00

ss∆r̄pFood

ss_dl_qfood_trend Steady-state: Real price of Food growth (%, QoQ) 1.00

ss∆r̄pOil

ss_dl_qoil_trend Steady-state: Real price of Oil growth (%, QoQ) 1.00

ss∆r̄pCopper

ss_dl_qcopper_trend Steady-state: Real price of Copper growth (%, QoQ) 1.00

ss∆r̄pIron

ss_dl_qiron_trend Steady-state: Real price of Iron growth (%, QoQ) 1.00

ρŷ
agr

rho_y_agr_gap Autoregressive coe�cient: Agricultural GDP gap 0.26

ρ∆ȳagr

rho_dl_y_agr_trend Autoregressive coe�cient: Agricultural GDP trend 0.80

ρŷ
mine

rho_y_mine_gap Autoregressive coe�cient: Mining GDP gap 0.21

ρ∆ȳmine

rho_dl_y_mine_trend Autoregressive coe�cient: Mining GDP trend 0.50

ρêx
mine

rho_ex_mine_gap Autoregressive coe�cient: Mining Export gap 0.10

ρ ˆgov rho_gov_gap Autoregressive coe�cient: Government Consumption gap 0.36

ρ∆c̄ rho_dl_c_trend Autoregressive coe�cient: Consumption trend 0.80

ρ∆ ¯inv rho_dl_inv_trend Autoregressive coe�cient: Investment trend 0.75
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Parameter Model name Description Value

ρ∆ ¯gov rho_dl_gov_trend Autoregressive coe�cient: Government Consumption trend 0.85

ρ∆ēxmine

rho_dl_ex_mine_trend Autoregressive coe�cient: Mining Export trend 0.70

ρ∆ēxnon−mine

rho_dl_ex_non_mine_trend Autoregressive coe�cient: Non-Mining Export trend 0.90

ρ∆ ¯im rho_dl_im_trend Autoregressive coe�cient: Import trend 0.60

ρ∆ ¯im,ex rho_dl_im_ex_trend Autoregressive coe�cient: Exported Import trend 0.30

ρ
ˆpby rho_prim_bal_rate_gap Autoregressive coe�cient: Primary Balance to GDP ratio gap 0.25

ρ
¯pby rho_prim_bal_rate_trend Autoregressive coe�cient: Primary Balance to GDP ratio trend 0.60

ρtar rho_target Autoregressive coe�cient: CPI Target 0.95

ρi
pol

rho_rate Autoregressive coe�cient: Policy rate smoothing 0.74

ρprem rho_prem Autoregressive coe�cient: Risk premium 0.70

ρ∆z̄ rho_dl_z_trend Autoregressive coe�cient: Real Exchange Rate 0.90

ρ∆pc

rho_dl_p_c Autoregressive coe�cient: Consumption de�ator 0.00

ρ∆pinv

rho_dl_p_inv Autoregressive coe�cient: Investment de�ator 0.00

ρ∆pgov

rho_dl_p_gov Autoregressive coe�cient: Government Consumption de�ator 0.00

ρ∆pex

rho_dl_p_ex Autoregressive coe�cient: Export de�ator 0.25

ρ∆py

rho_dl_p_y Autoregressive coe�cient: GDP de�ator 0.25

ρ∆py,mine

rho_dl_p_y_mine Autoregressive coe�cient: Mining GDP de�ator 0.25

ρ∆py,core

rho_dl_p_y_base Autoregressive coe�cient: Core GDP de�ator 0.25

ρ ˆempcore

rho_emp_core_gap Autoregressive coe�cient: Core Employment, gap 0.50

ρ∆ ¯empcore

rho_dl_emp_core_trend Autoregressive coe�cient: Core Employment, trend growth 0.90

ρŵ
core

rho_wage_core_gap Autoregressive coe�cient: Core Real Wage, gap 0.50

ρ∆w̄core

rho_dl_wage_core_trend Autoregressive coe�cient: Core Real Wage, trend growth 0.90

ρ ˆempagr

rho_emp_agr_gap Autoregressive coe�cient: Agricultural Employment, gap 0.50

ρ∆ ¯empagr

rho_dl_emp_agr_trend Autoregressive coe�cient: Agricultural Employment, trend growth 0.70

ρŵ
agr

rho_wage_agr_gap Autoregressive coe�cient: Agricultural Real Wage, gap 0.40

ρ∆w̄agr

rho_dl_wage_agr_trend Autoregressive coe�cient: Agricultural Real Wage, trend growth 0.70

ρ ˆempmine

rho_emp_mine_gap Autoregressive coe�cient: Mining Employment, gap 0.50

ρ∆ ¯empmine

rho_dl_emp_mine_trend Autoregressive coe�cient: Mining Employment, trend growth 0.70

ρŵ
mine

rho_wage_mine_gap Autoregressive coe�cient: Mining Real Wage, gap 0.40

ρ∆w̄mine

rho_dl_wage_mine_trend Autoregressive coe�cient: Mining Real Wage, trend growth 0.70

ρŷ
CN

rho_y_cn_gap Autoregressive coe�cient: China GDP, gap 0.70

ρ∆ȳCN

rho_dl_y_cn_trend Autoregressive coe�cient: China GDP, trend growth 0.80

ρ∆cpiCN

rho_dl_cpi_cn Autoregressive coe�cient: China CPI 0.70
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Parameter Model name Description Value

ρ∆sCNY/USD

rho_dl_cny_usd Autoregressive coe�cient: CNY/USD 0.70

ρŷ
EU

rho_y_eu_gap Autoregressive coe�cient: EU GDP, gap 0.70

ρ∆ȳEU

rho_dl_y_eu_trend Autoregressive coe�cient: EU GDP, trend growth 0.80

ρ∆cpiEU

rho_dl_cpi_eu Autoregressive coe�cient: EU CPI 0.60

ρ∆sEUR/USD

rho_dl_eur_usd Autoregressive coe�cient: EUR/USD 0.70

ρŷ
US

rho_y_us_gap Autoregressive coe�cient: US GDP, gap 0.60

ρ∆ȳUS

rho_dl_y_us_trend Autoregressive coe�cient: US GDP, trend growth 0.80

ρ∆cpiUS

rho_dl_cpi_us Autoregressive coe�cient: US CPI 0.70

ρi
US

rho_rate_us Autoregressive coe�cient: FED Funds Rate 0.90

ρr̄
US

rho_r_us_trend Autoregressive coe�cient: US Real Interest Rate 0.90

ρr̂p
Food

rho_qfood_gap Autoregressive coe�cient: Real Price of Food, gap 0.50

ρ∆r̄pFood

rho_dl_qfood_trend Autoregressive coe�cient: Real Price of Food, trend growth 0.80

ρr̂p
Oil

rho_qoil_gap Autoregressive coe�cient: Real Price of Oil, gap 0.30

ρ∆r̄pOil

rho_dl_qoil_trend Autoregressive coe�cient: Real Price of Oil, trend growth 0.80

ρr̂p
Copper

rho_qcopper_gap Autoregressive coe�cient: Real Price of Copper, gap 0.50

ρ∆r̄pCopper

rho_dl_qcopper_trend Autoregressive coe�cient: Real Price of Copper, trend growth 0.80

ρr̂p
Iron

rho_qiron_gap Autoregressive coe�cient: Real Price of Iron, gap 0.50

ρ∆r̄pIron

rho_dl_qiron_trend Autoregressive coe�cient: Real Price of Iron, trend growth 0.80

ψ1 c1_y_mine_gap Mining GDP gap: Foreign Demand coe�cient 0.19

ψ2 c2_y_mine_gap Mining GDP gap: commodity real price gap coe�cient 0.10

α1 c1_c_gap Consumption gap: backward-looking coe�cient 0.13

α2 c2_c_gap Consumption gap: real interest rate gap coe�cient 0.12

α3 c3_c_gap Consumption gap: income gap coe�cient 0.05

α4 c4_c_gap Consumption gap: agricultural gap coe�cient 0.10

β1 c1_inv_gap Investment gap: backward-looking coe�cient 0.23

β2 c2_inv_gap Investment gap: Tobin-Q coe�cient 0.30

β3 c1_tob Tobin-Q: forward-looking coe�cient 0.50

β4 c2_tob Tobin-Q: GDP gap coe�cient 0.10

β5 c3_tob Tobin-Q: commodity real price gap coe�cient 0.10

β6 c4_tob Tobin-Q: real interest rate gap coe�cient 0.40

γ1 c1_ex_non_mine_gap Non-mining Export gap: backward-looking coe�cient 0.21

γ2 c2_ex_non_mine_gap Non-mining Export gap: forward-looking coe�cient 0.00

γ3 c3_ex_non_mine_gap Non-mining Export gap: real exchange rate gap coe�cient 0.10
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Parameter Model name Description Value

γ4 c4_ex_non_mine_gap Non-mining Export gap: Mining GDP gap coe�cient 0.10

γ5 c5_ex_non_mine_gap Non-mining Export gap: foreign demand gap coe�cient 0.81

γ6 c6_ex_non_mine_gap Non-mining Export gap: mining export gap coe�cient 0.30

γ7 c1_ex_mine_gap Mining Export: real exchange rate gap coe�cient 0.10

γ8 c2_ex_mine_gap Mining Export: Mining GDP gap coe�cient 0.64

γ9 c3_ex_mine_gap Mining Export: commodity real price gap coe�cient 0.10

γ10 c1_im_c_gap Consumed Import: backward-looking coe�cient 0.40

γ11 c2_im_c_gap Consumed Import: forward-looking coe�cient 0.20

γ12 c3_im_c_gap Consumed Import: consumption elasticity coe�cient 0.50

γ13 c4_im_c_gap Consumed Import: real exchange rate gap coe�cient 0.10

γ14 c1_im_inv_gap Invested Import: backward-looking coe�cient 0.40

γ15 c2_im_inv_gap Invested Import: forward-looking coe�cient 0.20

γ16 c3_im_inv_gap Invested Import: investment elasticity coe�cient 0.50

γ17 c1_im_ex_gap Exported Import: backward-looking coe�cient 0.65

γ18 c2_im_ex_gap Exported Import: forward-looking coe�cient 0.20

γ19 c3_im_ex_gap Exported Import: export elasticity coe�cient 0.10

ν1 c1_dl_cpi CPI: backward-looking coe�cient 0.11

ν2 c2_dl_cpi CPI: imported in�ation coe�cient 0.02

ν3 c3_dl_cpi CPI: real marginal cost coe�cient 0.24

ν4 c4_dl_cpi CPI: share of domestic demand in real marginal cost 0.50

ν5 c5_dl_cpi CPI: real price of food gap coe�cient 0.08

ν6 c6_dl_cpi CPI: real price of oil gap coe�cient 0.01

ν7 c7_dl_cpi Domestic fuel real price: backward-looking coe�cient 0.50

ν8 c8_dl_cpi Domestic fuel real price: cost coe�cient 0.10

ν9 c9_dl_cpi Domestic fuel real price: oil price weight 0.25

θ1 c1_rate Policy rate: reaction to expected CPI 1.13

θ2 c2_rate Policy rate: reaction to core GDP gap 0.30

θ3 c3_rate Policy rate: reaction to nominal exchange rate changes 0.10

θ4 c1_mnt_usd Nominal exchange rate: previous depreciation coe�cient 0.70

θ5 c2_mnt_usd Nominal exchange rate: real exchange rate gap coe�cient 0.40

θ6 c1_e_mnt_usd Nominal exchange rate: forward-looking coe�cient 0.60

θ7 c1_prem Risk premium: Primary Balance to GDP gap coe�cient 0.60

θ8 c2_prem Risk premium: GDP growth coe�cient 0.20
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Parameter Model name Description Value

θ9 c1_dl_z_trend Real exchange rate trend: commodity price trend coe�cient 0.10

υ1 c1_dl_p_ex Export De�ator: Commodity price gap coe�cient 0.70

υ2 c1_dl_p_y_agr Agricultural De�ator: CPI coe�cient 0.10

µ1 c1_prim_bal_rate_gap Primary Balance gap: consumption gap coe�cient 0.08

µ2 c2_prim_bal_rate_gap Primary Balance gap: income gap coe�cient 0.10

µ3 c3_prim_bal_rate_gap Primary Balance gap: mining gap coe�cient 0.05

µ4 c4_prim_bal_rate_gap Primary Balance gap: government consumption gap coe�cient 0.13

µ5 c1_prim_bal_rate_trend Primary Balance to GDP trend: commodity price trend coe�cient 0.03

ζ1 c1_emp_core_gap Core Employment gap: core GDP gap coe�cient 0.40

ζ2 c1_dl_emp_core_trend Core Employment trend: core GDP trend coe�cient 0.45

ζ3 c1_emp_agr_gap Agricultural Employment gap: agricultural GDP gap coe�cient 0.60

ζ4 c1_emp_mine_gap Mining Employment gap: mining GDP gap coe�cient 0.80

ζ5 c1_wage_core_gap Core Real Wage gap: core GDP gap coe�cient 0.30

ζ6 c1_wage_agr_gap Agricultural Real Wage gap: agricultural GDP gap coe�cient 0.40

ζ7 c1_wage_mine_gap Mining Real Wage gap: mining GDP gap coe�cient 0.25

ζ8 c1_dl_wage_core_trend Core Real wage trend: core GDP trend coe�cient 0.40

ω1 c1_dl_c_trend Consumption trend: real interest rate trend coe�cient 0.05

ω2 c2_dl_c_trend Consumption trend: mining GDP trend coe�cient 0.10

ω3 c1_dl_inv_trend Investment trend: commodity price trend coe�cient 0.10

ω4 c2_dl_inv_trend Investment trend: GDP growth trend coe�cient 0.05

ω5 c1_dl_ex_mine_trend Mining Export trend: mining GDP trend coe�cient 0.75

ω6 c2_dl_ex_mine_trend Mining Export trend: commodity price trend coe�cient 0.90

ω7 c1_dl_ex_non_mine_trend Non-Mining Export trend: real exchange rate trend coe�cient 0.40

ω8 c2_dl_ex_non_mine_trend Non-Mining Export trend: foreign demand trend coe�cient 0.10

ω9 c3_dl_ex_non_mine_trend Non-Mining Export trend: mining export trend demand trend coe�cient 0.80

ω10 c1_dl_y_mine_trend Mining GDP trend: Mining Export coe�cient 0.50

κ1 c1_dl_cpi_cn China CPI: Demand coe�cient 0.10

κ2 c2_dl_cpi_cn China CPI: Food coe�cient 0.04

κ3 c3_dl_cpi_cn China CPI: Oil coe�cient 0.01

κ4 c1_dl_cpi_eu EU CPI: Demand coe�cient 0.25

κ5 c2_dl_cpi_eu EU CPI: Food coe�cient 0.02

κ6 c3_dl_cpi_eu EU CPI: Oil coe�cient 0.01

κ7 c1_dl_cpi_us US CPI: Demand coe�cient 0.20
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Parameter Model name Description Value

κ8 c2_dl_cpi_us US CPI: Food coe�cient 0.03

κ9 c3_dl_cpi_us US CPI: Oil coe�cient 0.01

κ10 c1_qoil_gap Oil real price gap: Demand coe�cient 0.10

κ11 c1_qcopper_gap Copper real price gap: Demand coe�cient 0.20

κ12 c1_qiron_gap Iron real price gap: Demand coe�cient 0.20
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Shocks of the model

Shock Model name Description Std

εŷ eps_y_gap Shocks to Real GDP: Total, gap (%) 0.01

ε ˆyagr
eps_y_agr_gap Shocks to Real GDP: Agricultural, gap (%) 0.20

ε
ˆymine

eps_y_mine_gap Shocks to Real GDP: Mining, gap (%) 0.30

ε ˆycore
eps_y_base_gap Shocks to Real GDP: Core, gap (%) 0.01

εd̂ eps_dd_gap Shocks to Real Domestic Demand, gap (%) 0.01

εĉ eps_c_gap Shocks to Real Consumption, gap (%) 0.15

ε
ˆinv eps_inv_gap Shocks to Real Investment, gap (%) 0.30

ε ˆgov eps_gov_gap Shocks to Real Government Consumption, gap (%) 0.50

ε
ˆexnon−mine

eps_ex_non_mine_gap Shocks to Real Non-mining Export, gap (%) 0.20

ε
ˆexmine

eps_ex_mine_gap Shocks to Real Mining Export, gap (%) 0.30

ε
ˆim eps_im_gap Shocks to Real Import, gap (%) 0.25

ε∆ȳ eps_dl_y_trend Shocks to Real GDP: Total, trend (%, QoQ) 0.01

ε∆ ¯yagr
eps_dl_y_agr_trend Shocks to Real GDP: Agricultural, trend (%, QoQ) 0.10

ε∆ ¯ymine
eps_dl_y_mine_trend Shocks to Real GDP: Mining, trend (%, QoQ) 0.20

ε∆ ¯ycore
eps_dl_y_base_trend Shocks to Real GDP: Core, trend (%, QoQ) 0.01

ε∆d̄ eps_dl_dd_trend Shocks to Real Domestic Demand, trend (%, QoQ) 0.01

ε∆c̄ eps_dl_c_trend Shocks to Real Consumption, trend (%, QoQ) 0.10

ε∆ ¯inv eps_dl_inv_trend Shocks to Real Investment, trend (%, QoQ) 0.20

ε∆ ¯gov eps_dl_gov_trend Shocks to Real Government Consumption, trend (%, QoQ) 0.20

ε
¯∆exnon−mine

eps_dl_ex_non_mine_trend Shocks to Real Non-mining Export, trend (%, QoQ) 0.10

ε∆ ¯exmine
eps_dl_ex_mine_trend Shocks to Real Mining Export, trend (%, QoQ) 0.25

ε∆ ¯im eps_dl_im_trend Shocks to Real Import, trend (%, QoQ) 0.10

ε∆cpi eps_dl_cpi Shocks to CPI (%, QoQ) 0.50

εtar eps_target Shocks to Implicit In�ation Target (%, QoQ) 0.05

ε∆py

eps_dl_p_y Shocks to De�ators: Total GDP (%, QoQ) 10.00

ε∆py,agr

eps_dl_p_y_agr Shocks to De�ators: Agricultural GDP (%, QoQ) 10.00

ε∆py,mine

eps_dl_p_y_mine Shocks to De�ators: Mining GDP (%, QoQ) 10.00

ε∆py,core

eps_dl_p_y_base Shocks to De�ators: Core GDP (%, QoQ) 10.00

ε∆pc

eps_dl_p_c Shocks to De�ators: Consumption (%, QoQ) 10.00

go to the next page
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Shock Model name Description Std

ε∆pinv

eps_dl_p_inv Shocks to De�ators: Investment (%, QoQ) 10.00

ε∆pgov

eps_dl_p_gov Shocks to De�ators: Government Consumption (%, QoQ) 10.00

ε∆pex

eps_dl_p_ex Shocks to De�ators: Export (%, QoQ) 10.00

ε∆pim

eps_dl_p_im Shocks to De�ators: Import (%, QoQ) 10.00

εi
pol

eps_rate Shocks to Policy Rate (%) 0.10

ε∆z̄ eps_dl_z_trend Shocks to Real Exchange Rate, trend (%, QoQ) 0.07

ε∆sMNT/USD

eps_mnt_usd Shocks to Nominal Exchange Rate (%, QoQ) 1.00

εprem eps_prem Shocks to Risk Premium (%) 0.20

εp̂b eps_prim_bal_rate_gap Shocks to Primary Balance, gap (%) 1.00

ε
¯pby eps_prim_bal_rate_trend Shocks to Primary Balance to GDP, trend (%) 0.10

ε ˆemptotal

eps_emp_total_gap Shocks to Employment: Total, gap (%) 0.01

ε∆ ¯emptotal

eps_dl_emp_total_trend Shocks to Employment: Total, trend (%, QoQ) 0.01

ε ˆempagr

eps_emp_agr_gap Shocks to Employment: Agricultural, gap (%) 0.30

ε∆ ¯empagr

eps_dl_emp_agr_trend Shocks to Employment: Agricultural, trend (%, QoQ) 0.10

εŵ
agr

eps_wage_agr_gap Shocks to Real Wage: Agricultural, gap (%) 0.15

ε∆w̄agr

eps_dl_wage_agr_trend Shocks to Real Wage: Agricultural, trend (%, QoQ) 0.15

ε ˆempmine

eps_emp_mine_gap Shocks to Employment: Agricultural, gap (%) 0.30

ε∆ ¯empmine

eps_dl_emp_mine_trend Shocks to Employment: Agricultural, trend (%, QoQ) 0.10

εŵ
mine

eps_wage_mine_gap Shocks to Real Wage: Agricultural, gap (%) 0.15

ε∆w̄mine

eps_dl_wage_mine_trend Shocks to Real Wage: Agricultural, trend (%, QoQ) 0.10

ε ˆempcore

eps_emp_core_gap Shocks to Employment: Core, gap (%) 0.15

ε∆ ¯empcore

eps_dl_emp_core_trend Shocks to Employment: Core, trend (%, QoQ) 0.10

εŵ
core

eps_wage_core_gap Shocks to Real Wage: Core, gap (%) 0.30

ε∆w̄core

eps_dl_wage_core_trend Shocks to Real Wage: Core, trend (%, QoQ) 0.10

εŷ
CN

eps_y_cn_gap Shocks to Real GDP: China, gap (%) 0.50

ε∆ȳCN

eps_dl_y_cn_trend Shocks to Real GDP: China, trend (%, QoQ) 0.10

ε∆cpiCN

eps_dl_cpi_cn Shocks to CPI: China (%, QoQ) 1.00

εs
CNY/USD

eps_dl_cny_usd Shocks to Nominal Exchange Rate: CNY/USD (%, QoQ) 1.00

εŷ
EU

eps_y_eu_gap Shocks to Real GDP: EU, gap (%) 0.50

ε∆ȳEU

eps_dl_y_eu_trend Shocks to Real GDP: EU, trend (%, QoQ) 0.10

ε∆cpiEU

eps_dl_cpi_eu Shocks to CPI: EU (%, QoQ) 1.00

εs
EUR/USD

eps_dl_eur_usd Shocks to Nominal Exchange Rate: EUR/USD (%, QoQ) 1.00

εŷ
US

eps_y_us_gap Shocks to Real GDP: US, gap (%) 0.50

go to the next page
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Shock Model name Description Std

ε∆ȳUS

eps_dl_y_us_trend Shocks to Real GDP: US, trend (%, QoQ) 0.10

ε∆cpiUS

eps_dl_cpi_us Shocks to CPI: US (%, QoQ) 1.00

εi
US

eps_rate_us Shocks to FED Funds Rate (%) 0.04

εr̄
US

eps_r_us_trend Shocks to Real Intererst Rate, trend (%) 0.01

εr̂p
Copper

eps_qcopper_gap Shocks to Real Price of Copper, gap (%) 0.50

ε∆r̂pCopper

eps_dl_qcopper_trend Shocks to Real Price of Copper, trend (%, QoQ) 0.75

εr̂p
Iron

eps_qiron_gap Shocks to Real Price of Iron, gap (%) 1.00

ε∆r̂pIron

eps_dl_qiron_trend Shocks to Real Price of Iron, trend (%, QoQ) 0.75

εr̂p
Food

eps_qfood_gap Shocks to Real Price of Food, gap (%) 0.75

ε∆r̂pFood

eps_dl_qfood_trend Shocks to Real Price of Food, trend (%, QoQ) 0.50

εr̂p
Oil

eps_qoil_gap Shocks to Real Price of Oil, gap (%) 0.75

ε∆r̂pOil

eps_dl_qoil_trend Shocks to Real Price of Oil, trend (%, QoQ) 0.50
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Production side
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Expenditure side
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Expenditure side

2004:1 2009:1 2014:1

1340

1360

1380

1400

1420

1440

1460

1480

GDP: Export

2004:1 2009:1 2014:1

1250

1300

1350

1400

1450

GDP: Export mining

2004:1 2009:1 2014:1

1340

1360

1380

1400

1420

1440

1460

1480

GDP: Import



29-Jan-2017 22:29:38 Filter and forecast report 8

Equations decomposition for selected variables
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Contributions to Output gap
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Contributions to Consumption gap
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Contributions to Investment gap
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Contributions to Net-Export gap

2004:1 2006:1 2008:1 2010:1 2012:1 2014:1 2016:1

-30

-20

-10

0

10

20

Non-mining export Mining export Export gap

2004:1 2006:1 2008:1 2010:1 2012:1 2014:1 2016:1

-30

-20

-10

0

10

20

Consumption Investment Export Shock Import gap



29-Jan-2017 22:29:38 Filter and forecast report 13

Contributions to Export gap
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Contributions to CPI
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Contributions to Mongolbank rate
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Shock decomposition for selected variables
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Mongolbank rate gap (%)
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Consumer Price Index gap (%, QoQ)
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Nominal Exchange rate (100*log,QoQ, MNT/USD)
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Output gap (%)
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GDP core gap (%)
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Consumption gap (%)
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Investment gap (%)
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Export gap (%)
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Import gap (%)
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Employment gap (%)
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Real wage gap (%)
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Real Exchange rate gap (%)
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Historical forecast exercises: without any exogenous assumptions, calibrated model
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Monetary policy, and �nancial variables
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Production side
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Production side
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Expenditure side

2006:12008:12010:12012:12014:12016:1

-10

-5

0

5

10
Consumption gap (%)

2006:12008:12010:12012:12014:12016:1

-100

-50

0

Investment gap (%)

2006:12008:12010:12012:12014:12016:1

-30

-20

-10

0

10

20
Export gap (%)

2006:12008:12010:12012:12014:12016:1

-30

-20

-10

0

10

Import gap (%)



29-Jan-2017 22:29:38 Filter and forecast report 34

Expenditure side
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RMSE ratios

RMSE ratios: without any assumptions, calibrated model

Name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
Mongolbank rate (%) 0.94 0.79 0.73 0.74 0.74 0.74 0.73 0.74
CPI (YoY, %) 0.70 0.68 0.64 0.64 0.63 0.65 0.69 0.72
MNT/USD (100*log) 0.79 0.64 0.51 0.49 0.49 0.52 0.56 0.60
GDP: Total (YoY, %) 0.63 0.57 0.49 0.48 0.71 0.72 0.76 0.72
Consumption (YoY, %) 0.67 0.57 0.51 0.41 0.61 0.74 0.70 0.73
Investment (YoY, %) 0.65 0.57 0.51 0.52 0.76 0.72 0.66 0.62
Export (YoY, %) 0.57 0.49 0.48 0.44 0.70 0.92 0.94 0.94
Import (YoY, %) 0.60 0.50 0.48 0.42 0.64 0.69 0.73 0.73



29-Jan-2017 22:29:38 Filter and forecast report 36

Historical forecast exercises: with exogenous assumptions, calibrated model
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Monetary policy, and �nancial variables
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Production side

2006:12008:12010:12012:12014:12016:1
-15

-10

-5

0

5

GDP gap (%)

2006:12008:12010:12012:12014:12016:1

-20

-10

0

10

Agriculture gap (%)

2006:12008:12010:12012:12014:12016:1

-10

-5

0

5

10

Mining gap (%)

2006:12008:12010:12012:12014:12016:1

-15

-10

-5

0

5

Core gap (%)



29-Jan-2017 22:29:38 Filter and forecast report 39

Production side
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Expenditure side
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Expenditure side
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RMSE ratios

RMSE ratios: with exogenous assumptions, calibrated model

Name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
Mongolbank rate (%) 0.89 0.68 0.58 0.53 0.50 0.48 0.47 0.47
CPI (YoY, %) 0.67 0.63 0.56 0.53 0.50 0.50 0.52 0.53
MNT/USD (100*log) 0.76 0.61 0.51 0.46 0.46 0.48 0.52 0.57
GDP: Total (YoY, %) 0.66 0.69 0.62 0.54 0.86 0.83 0.86 0.77
Consumption (YoY, %) 0.66 0.57 0.52 0.42 0.60 0.73 0.70 0.74
Investment (YoY, %) 0.63 0.55 0.49 0.49 0.73 0.68 0.62 0.58
Export (YoY, %) 0.50 0.38 0.38 0.37 0.63 0.83 0.88 0.92
Import (YoY, %) 0.59 0.48 0.46 0.40 0.61 0.66 0.69 0.68
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Historical forecast exercises: with exogenous assumptions, estimated model
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Monetary policy, and �nancial variables
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Production side
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Production side
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Expenditure side
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Expenditure side
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RMSE ratios

RMSE ratios: with exogenous assumptions, estimated model

Name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
Mongolbank rate (%) 0.83 0.64 0.58 0.53 0.49 0.46 0.44 0.44
CPI (YoY, %) 0.65 0.59 0.52 0.49 0.46 0.47 0.49 0.50
MNT/USD (100*log) 0.76 0.59 0.49 0.47 0.49 0.54 0.59 0.64
GDP: Total (YoY, %) 0.67 0.66 0.57 0.50 0.90 0.85 0.85 0.76
Consumption (YoY, %) 0.59 0.47 0.46 0.42 0.65 0.73 0.69 0.73
Investment (YoY, %) 0.59 0.51 0.47 0.47 0.72 0.67 0.62 0.59
Export (YoY, %) 0.48 0.35 0.36 0.35 0.62 0.80 0.84 0.89
Import (YoY, %) 0.58 0.47 0.45 0.40 0.61 0.66 0.69 0.69
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Impulse respons functions
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Monetary policy shock

1:1 3:1 5:1
-1

0

1
Interest rate (%)

1:1 3:1 5:1
-1

0

1
Inflation (YoY, %)

1:1 3:1 5:1
-2

-1

0
MNT/USD (%)

1:1 3:1 5:1
-1

0

1
GDP: Total (%)

1:1 3:1 5:1
-1

0

1
GDP: Core (%)

1:1 3:1 5:1
-0.5

0

0.5
Labor income (%)

1:1 3:1 5:1
-2

0

2
Consumption (%)

1:1 3:1 5:1
-2

0

2
Investmet (%)

1:1 3:1 5:1
-0.1

0

0.1
Export (%)



29-Jan-2017 22:42:11 Dynamic properties of the model: impulse respons functions and variance decomposition on quarterly frequency 5

CPI shock
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Nominal exchange rate shock
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Temporary copper price shock
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Permanent copper price shock
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Temporary mining shock
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Permanent mining shock
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Variance decomposition
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Interest rate (%)
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Consumer Price Index (%)
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Consumption (%, YoY)
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